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SUMMARY 

This report contains the Reference System Classification (RSC) of fast 

breeder reactors: it provides a functional system breakdown of the reactor. 

For each system the following important characteristics are reported: the main 

functions, the mode of operation, its location in the reactor, the main interfa

ce-systems, its main components and the component working environment (fluii 

and/or atmosphere type) . The RSC represents a basic step in organizing the 

ENEA data bank (1,2,3) for the registration and processing of reliability data 

on typical fast reactor components; it provides a functional component break

down and represents a plant-unique identification in the process of oinogeniza 

tion of event-data coming from different reactors. In this report it was tried 

to take into account different generations of nuclear power plants, difierent 

plant layouts and solutions; in particular loop and pool reactors are separate 

ly treated. 

SOMMARIO 

Questo rapporto contiene la suddivisione in sistemi e relativa classifi

cazione di un tipico reattore veloce; per ogni sistema sono descri t te le princi 

pali funzioni, le condizioni operative durante le quali esso deve assolutamente 

lunzionare, la sua collocazione all'interno del reat tore, i principali sistemi di 

interfaccia, i principali componenti e le condizioni ambientali (tipo di atmosfera, 

fluido, ecc . ) in cui i componenti si trovano ad operare . La classiT5ca;:iyne in 

sistemi '(RSC) costituisce una tappa fondamentale nella costituizicne dei s is te

ma informativo per la classificazione ed elaborazione di ceti di afftdabiJita su 

componenti tipici di reattori veloci messo a punto da ENEA (2 ,3) sulla base 

dell'Euratom CEDB (1) in quanto permette una collocario- e funzionale del sin

golo componente e una omogeneizzazione dei dati evento provenienti da reatto 

ri diversi. In questo rapporto si è tentato di prendere in considerazione le di

verse generazioni di reattori veloci e i diversi tipi di "layouts'1 e soluzioni im 

piantistiche derivanti dalla loro prototicipità; in particolare i reat tor i a <oop e 

a pool sono stati considerati separatamente. 
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PREFACE 

ENEA has set-up a Component event data bank *°r * a s t breeder 

reactors (FBR) in order to process reliability data (failure rate, repair time, 

etc.) about :-uch components. In the implementing this data system,EURATOM'S 

(CEDB) (1) set up by Euratom for thermal reactor components was taken as 

a model ; the ENEA data bank may be considered as an adaptation of the CEDB 

to the particular characteristics of the fast breeder reactors (2,3). 

The Reference System Classification (RSC) represents a basic step in 

organizing such a data bank. It provides a functional component breakdown 

and represents a plant-unique identification in the process of omogenization 

of event - data coming from different fast reactors. 

This report presents the detailed classification set - up for the fast bre 

eder reactors; a general analysis has shown that the FBR system may be bro 

ken down into 11 main groupings and that many FBR systems and, in some 

cases, many system groupings coincide with those of thermal reactors. It fol

lows that such coincident systems have not been repeated here; see the re

ports (1,4) in the bibliography for their description. 

The systems unique to the FBRS have been classified with a progressive 

identification number higher than or equal to 60: a detailed description is re

ported in this report. By contrast thermal systems described in the bibliogra 

phy (1,4) have a progressive identification number lower than 60. 

-JÉr 
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1. INTRODUCTION 

The Reference System Classification (RSC) represents a fundamental 

step in the development of the data bank set-up by ENEA concerning fast 

reactor components. This data system is based on the collection, organiza

tion and analysis of two main types of data: 

. Operational data, concerning the continuous collection of events occur

ring in nuclear plants, relevant to safety and availability of operation: 

component failures, repairs, abnormal occurrences, changes in power-

production, etc. These data provide a feedback information channel for 

the plant itself and for groups of similar plants; 

. Reliability data, concerning generic failure and repair rates of similar 

classes of components: these data are needed, in the field of reactor 

safety, for the estimation of the probability of failure of complex, redun 

dant systems, through the use of decomposition techniques such as fa

ult-trees, etc. These data can be derived from operational data of plan 

ts , through appropriate filtering and processing techniques. 

FNEA has set-up such a system and has undertaken the joint studies 

in order to attain the following aims: 

1 - to develop adequate reliability studies concerning typical fast reactor 

systems. Fast reactor components constituting the nuclear island, sodi_ 

urn cooling loops, etc. are unique and different from those of other s?_ 

inilar plants especially with reference to the environment, temperature, 

design and operating characteristics. The necessity has then arisen to 

set up a system which, starting from the collection and classification of 

rough data on fast reactor components, and processing them by adequa 

te methods, allowed suitable reliability data to be obtained and to be 

applied in system analysis and to verify the effective reliability of cri

tical areas in the project of fast breeder reactors; 

2 - to set up a data system consituting a suitable instrument for the impro 

vement of fast reactor components; 

3 - to supply a support to the exploitation of fast reactors with special re

ference to maintenance improvement; 
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4 - to obtain a feedback of the experience gained in building and operating 

fast reactors by a reliability and availability improvement of plant charac 

teristics and operating conditions. 

The EURATOM system (CEDB) has been adopted by ENEA in conside

ration of its storage capacity, the proven flexibility and the already tested 

possibility to be connected to a versatile inquiry and processing system. 

The data bank may be subdivided into two main parts: the first one made 

up of a data file and the second one by the data file enquiry and dataproces 

sing. 

The data file mainly contains project, operating, maintenance and fai

lure data on fast reactor components. Up to 60 different types of compo

nent have been singled out; for each type,the environment of the compo

nents is specified, together with a piece-part list and a set of up to 20 at̂  

tributes describing the engineering characteristics. The failure event 

is described in nine attribute codes such as "failure mode", "failure c.iuse", 

etc. . the enquiry file allows on line dialogue and the selection of all the 

information necessary to process reliability data. 

The adoption of this data system, set-up for thermal reactor compo

nents, has required a certain transformation, particularly in regard to the 

following particular feautures of the fast breeder reactors: 

a - Non-continuous plant operation, i .e . relatively short periods at full po 

wer operation interrupted by frequen* programmed o1* accidental reac

tor shut-down, 

b - Limited number of built reactors and their design differences due to 

their being prototype, 

c - Experimental level also characterized by differences in their design and 

changes also during their life. 

These factors have made it necessary to change the engineering and 

operating conditions of the analysed components as well as the constituent 

parts and the modules describirg their maintenance also in consideration of 

the importance assumed by this factor. 
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The data bank enquiry-search is abs0lutly original: it has been deve-

lopped so to obtain the maximum flexibility and adoptability vis a vis the 

larger spectrum of on line data processing methods. In this regard, suita

ble processing methods have been set jp to allow a typical interpretation 

of the failure causes and the effects of such specific factors as the environ 

ment operating conditions, and cycles, fatigue, wear, corrosion, etc . . More 

details about these subjects may be found in paper (5) in bibliography. 

The Reference System Classification treated in this report is particu

larly important in fulfilling the following needs : 

. It supplies a functional id-oriented identification system capable of homo 

genizing component data originating from different FBRS. For each sy

stem a univoque description of its functions, boundaries, interface with 

other systems is given together with a list of its main components. 

. It identifies through a set of codes concerning the environment and the 

duty proper of the position in which the component is asked to operate, 

the identification of the position, use and operation of a particular item. 

At this end, a typical fast reactor was broken down into 13 system 

groupings each of which including a number of systems eachone with a well 

defined and characteristic set of functions. 

In the following paragraphs a detailed description of the Reference Sŷ  

stem Classification is reported. In particular the detailed description of ea 

ch system may be found in chapter 6. 
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2. THE "REFERENCE SYSTEM CLASSIFICATION" FOR LMFBRS 

One of the first tasks in setting up the Component Event Data Bank is 

the need for a distinct identification code /system of the components in the 

various national data systems and their homogeneization. In order to achie

ve this aim, not only the engineering characteristics of the various compo

nents are needed, but it is of extreme importance also to identify the use 

and therefore the specific function of the different items. 

One of the many causes of variability in component reliability parame

ters derives from the different uses of similar components, used in different 

positions depending on the environment, task effects on the event of failu

re, mode of operation, design standards, maintenance, and so on.. The re 

ference to a particular functional system therefore can represent a useful 

distinction in the operational performance of its components. 

The "Reference System Classification" attempts to achieve this by provi_ 

ding a functional breakdown of the nuclear reactor into its standard systems. 

Such a Classification enables the analyst to interrogate the data bank on all 

the failures related to a particular function (or system). The Reference Sy

stem Classification is particularly useful in singling out the environment con 

ditions in which the componert operates and its operating cycles during its 

- life. It is widely known, that one of the characteristics peculiar to fast bre 

eder reactors is discontinuous operation, i .e. a succesion of different cycles 

including full power operation followed by descent and permanence in hot or 

cold shut-down. In order to consider the influence of these factors on the 

processing reliability data ENEA developed a computer program to query the 

bank about the principal parameters contained in the "Reference System Clas 

sification" ( e . g . : component function, environment characteristics, etc . ) and 

about the plants' operating history already stored in the data bank system. 

This program, described in detail in report (6) , makes it possible to de 

fine the operating characteristics during each operating condition and their 

succession in the component life for each component, on the grounds of the 

functions and of the environment conditions to he found in the reference 8£ 

stem classification. 



13 

Structure 

To better comply with the scope of component reliability evaluation, the 

Reference System Classification is based on a purely functional basis of iden 

tification of the various plant systems and components. 

Two basic stages in the logical deduction of the technical classification 

are to be distinguished. 

The first is the establishment of the hierarchical levels in regard to 

plant structure of which chosen there are three in this case: component, sy

stem, assembly. 

The following definitions were associated to each level: 

. Component : a structure, or equipment considered as an aggregate of me

chanical and/or electrical parts, constituting a well-identified element in

side the plant. It has clearly defined performance characteristics and can 

be removed and replaced within the plant ; 

. System : a set of mechanical, electric, electronic components univocally 

identified by whether: 

- it accomplishes a clearly defined function inside the plant, 

- it accomplishes more than one function, but in different plant-operating 

modes ( i .e . cold-shutdown, emergency, normal operation); 

. system grouping: a set of nuclear power-plant systems characterized by 

common properties, such as: 

- functions which can be framed in a more general "logic" function (i .e . 

"protection and control systems", "engineered safety features", e tc . ) , 

- functions related to the accomplishment of general plant-operating servi_ 

ces ( i .e . "reactor auxiliary systems", "service auxiliary system", etc . ) . 

Once the hierarchical levels were defined, the second stage in the pro

cess of logical deduction of the Reference System Classification was to analy

se plant-layouts and operating-modes and characteristics, in order to esta

blish a set of functions which, if accomplished, could ensure a safe and con

tinuous nuclear power plant operation. 

The definition of such functions was the starting point in order to orga 

nize a reference classification assuring an identification of systems and com-
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ponents according to the function they accomplish inside the plant. To this 

end, four fundamental "families" were identified: 

a) functions essential to plant operation 

b) safety functions 

c) nuclear-island auxiliary functions 

d) BOP auxiliary functions 

Following a subdivision of these "families" (tree-analysis) into their eie 

mentary functions, it was possible to identify each system according to the 

function it accomplishes inside the plant. The systems so identified were la

ter assembled in "system groupings", following the above-mentioned deflni_ 

tions. 

The Reference System Classification was structured as follows. 

The 13 system groupings are identified by an alphabetic-character (from 

A to 0 ) ; the various systems belonging to each grouping are identified by 

an alpha-numeric code. 

To each system a sheet is associated, containing: 

. a comprehensive description of the system and of the main system bounda 

ries; 

. a description of the main system functions; 

. a description of the plant operating modes (normal, emergency, cold-shut

down) linked to the various system functions; 

. a list of the main interface systems, that is those systems having a func

tion which is related or complementary to the function of the described sjr 

stem; to each interface system is associated its alpha-numeric code; 

. a list of the main cimponents of the system; for each component the "type" 

is mentioned and, only for reference, the Safety Class; 

. the system location; 

. the system component operating environment. 

We notice that in the Reference System Classification it was tried to ta

ke into account different "generations" of nuclear power plants, different 

plant layouts and solutions to particular operating problems. In particular 

loop and pool roactors are seprr&tely treated. 
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No major problems are expected, due to the functionally oriented charac 

teristics of the Reference System Classification: hopefully one will always be. 

able to identify the function the component fulfills in the original national 

scheme, according to the elaborated structure. 
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3. GENERAL REMARKS 

As mentioned previously, some systems of the LMFBR classification coin 

cide with those of the thermal one; it follows that the description of these 

systems has not been repeated here; it may be found in report (4) in biblio

graphy. In order to identify exactly the systems related to the thermal clas 

sification, their identification numbers run from 1 to 59. All the systems with 

identification numbers beyound 60 onwards belong to the new LMFBR classi

fication and their detailed description may be found in this report. 

The same system may perform more than one function. Frrm the compo 

nent type (passive or active component, etc.) and from the mode of reactor 

operation, the exact functions of the considered component may be exactly de 

fined. Vhe same holds true for the component operating environment : diffe

rent parts of the same components may operate in different environment con

ditions; they may be exactly specified in the engineering characteristics. 

In order to identify system-boundaries, a diagram accompanies some sy 

stem descriptions. The solid line represents the system, while the dotted li

ne provides identification of interfacing equipment. 

Where possible, the differences existing in analogous systems of diffe 

rent LMFBR (different design, nationality, etc.) have been pointed out in 

the description of the system. When the differences have a fundamental im

portance, the system has been repeated: a typical example is given by some 

systems of the loop and pool reactors. 

Sometimes components are common to two or more systems; in this case 

they are assigned to the system which is most susceptible from a safety stand 

point to component failure. A classic example is the heat-exchangers. They 

have beer, assigned to the system that is most susceptible to heat exchanger 

failure. Alternatively, for complex instrumentation and control-protection com 

ponent sets serving more than one system, particular systems have been in

troduced as the "Reactor Protection System", the "Engineering safety featu 

re actuation System", the "BOP Protection System" (4) , etc. . 

The safety classification refers to a non specific fast reactor. It may be 

that it does not coincide with the one adopted in a specific reactor. 
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4. FAST BREEDER REACTOR OPERATING MODES 

In the following, some typical examples of operating conditions (Normal, 

Upset, Emergency, Faulted) provided in the operation of a fast reactor may 

be found. 

NORMAL CONDITIONS 

1 - Full power operation 

2 - Normal reactor shut-down by operator 

3 - Hot shut-down 

4 - Cold shut-down 

5 - Cold shut-down for maintenance operations 

6 - Preparation to start-up 

7 - Start-up 

8 - Passage from hot shut-down to cold shut-down 

9 - Passage from cold shut-down to shut-down for maintenance 

10 - Passage from shut-down for maintenance to cold shut-down 

11 - Passage from cold shut-down to hot shut-down 

UPSET CONDITIONS 

1 - Spurious scram of the control rods 

2 - Spurious reverse of the control rods 

3 - Total loss of electrical supply controlled by the first exceeded trip inter 

ventions 

4 - Loss of flow from one primary pump 

5 - Mechanical failure (seizure) of one primary pump controlled by the first 

exceeded trip intervention 

6 - Loss of flow from one secondary pump 

7 - Mechanical failure (seizure) of one secondary pump controlled by the 

first exceeded trip intervention 

8 - Little blockage in a fuel subassembly 

9 - 1/2 Design basis hearthquake 
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EMERGENCY CONDITIONS 

1 - Total loss of electrical supply controlled by delayed intervention of the 

shut-down system and without diesel revival 

2 - Mechanical failure H.seizure) of one primary pump controlled by delayed 

intervention of the shut-down system 

3 - Mechanical failure (seizure) of one secondary pump controlled by dela

yed intervention of the shut-down system 

4 - Sodium leak in an intermediate heat-exchanger 

5 - Sodium leak in a pump 

6 - Large blockage in a fuel subassembly without fuel melting 

7 - Exctraction of a control rod with dealyed intervention of the shut-down 

system 

8 - Leakeage on a pipe of the primary or secondary core main cooling loop 

9 - Steam pipe break 

10 - Steam generator tube rupture 

11 - Design basis earthquake 

FAULTED CONDITIONS 

1 - Large fuei melting in a fuel subassembly 

2 - Large sodium fire 

3 - Rupture of reactor inlet nozzle 

4 - Seal leakage in the gas radioactive wastes 

5 - Emission of all the radioactivity of a subassembly in the fuel handling 

building 
-7 

6 - All the accidents with low probability ( £ 1 0 ev/year) and with eventu 
al radioactivity pollution. 
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5. FAST BREEDER REACTOR REFERENCE SYSTEM CLASSIFICATION LIST 

The following system groups are included in the data bank: 

A NUCLEAR HEAT SYSTEM, assembling plant-systems involved in nuclear 

heat generation, exchange and transport. 

B ENGINEERED SAFETY FEATURES, assembling plant-systems providing ac 

cident-consequence limitations ( i . e . to avoid fission product release to 

the environment). 

C REACTOR AUXILIARY SYSTEM, assembling nuclear-island systems which 

are essential to normal and cold shut-down operation. 

D FUEL STORAGE AND HANDLING SYSTEM, assembling plant-systems in

volved in nuclear fuel management ( i . e . fuel element relocation and sto 

rage, fuel-pool cooling and purification). 

E RADIOACTIVE WASTE MANAGEMENT SYSTEM, assembling plant-systems 

accomplishing the collection and treatment of solid, liquid, gaseous rad-

waste resulting from plant operation. 

F STEAM AND POWER CONVERSION SYSTEM, assembling plant-systems in

volved in steam-and feed water cycles inside the nuclear power station ( i . 

e. stepm-expansion in turbines, steam-condensation, feedwater-drive to 

the primary containment, condenser cooling, other) . 

G POWER TRANSMISSION SYSTEM, assembling plant-systems providing me

chanical/electrical energy conversion, and electrical energy transmission 

to HV station plant MV-LV distribution lines. 

H ELECTRIC POWER SYSTEM, assembling plant-systems providing electrical 

energy distribution to various plant users (MV, LV lines), and on-site e 

lectrical energy production. Plant security and communication systems are 

included. 

1 INSTRUMENTATION, SUPERVISION, MONITORING SYSTEM, assembling 

plant-systems providing radiation monitoring and plant supervision, to nu 

clear station/site-areas. 
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L PROTECTION AND CONTROL SYSTEM, assembling plant-systems invol

ved in the processing and transmission of starting-up signals for vario

us protective actions and in power-equalization to load-changes. 

M PLANT BUILDINGS HEATING, VENTILATION, AIR CONDITIONING SY

STEM: assembling plant-systems providing heating, ventilation, air con

ditioning, in the various plant operating modes to nuclear-station build

ings 

N SERVICE AUXILIARY SYSTEM, assembling BOP-systems which are essen 

tial to plant normal operation, or to consequence-limitation of accident 

conditions out of the nuclear island. 

O STRUCTURES, assembling the various buildings and structures accord

ing to which a nuclear power plant can be broken down. 

In the following pages of this chapter, the systems included in eachgro 

up are listed. 
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6. S Y M B O L N O M E N C L A T U R E 

6.1. LIST OP SYMBOLS (IN THERMAL REACTOR SYSTEMS | 4 |) 

AC Alternating Current 
ADS Automatic Depressurizations System 
APRM Average Power Range Monitor 
BOP Balance Of Plant 
CRD Control Rod Drive 
CSS Containment Spray System 
CVCS Chemical and Volume Control System 
CW Circulating Water 
DBA Design Basis Accident 
DBE Design Basis Earthquake 
DC Direct Current 
ECCS Emergency Core Cooling Systems 
ESF Engineered Safety Features 
HP High Pressure 
HPCL High Pressure Coolant Injection 
HPCS High Pressure Core Spray 
HPRM High Power Range Monitor 
HV High Voltage 
HVAC Heating, Ventilation, Air Conditioning 
IPRM Intermediate Power Range Monitor 
LOCA Loss Of Coolant Accident 
LOOP Loss Of Operating Power 
LP Low Pressure 
LPCI Low Pressure Coolant Injection 
LPCS Low Pressure Core Spray 
LPRM Local Power Range Monitor 
LV Low Voltage 
LWR Light Water Reactor 
NSSS . Nuclear Steam Supply System 
OBE Operational Basis Earthquake 
PCCW Primary Component Cooling Water 
PWR Pressurized Water Reactor 
RCIC Reactor Core Isolation Cooling 
RHR Residual Heat Removal 
SC Safety Clrss 
SRM Source Range Monitor 
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Vilve 
: 

SYMBOLS N A M E 

Contlnuons l e v e ) t n d i c t t o r 

i^feto 
N A M E 

mmmff^nsmrn^a 
o Votanetr lc -M. t r trftsnllter 

Resulti Ion v«)ve ± Cuntlnuoni leve1 tresmitter 0 Volumetric-meter 

3 Hay »»lv« Pressuremeter Dlscontinuons level 
transmitter Automatic diicarge valve 

A * = Safety valve i. Dtaphreque 

HOA reversal valve Fl*r»9e on a pipe 

Eipanst valve Differential Pressure Measures Nuclear Measures .-...-' Pyrotenei group 

^ C = Eipanst valve Differential manometers Wall croping 

Steam balance valve Differential pressuaeters Wall croping with 

r5& Steam balance valve Differential manometer» 

=0 •reakope 

Measure... 
Apparatus Dipendence 

F i l t e r 

Temperature measures Ha loak d e t e c t i o n 

VALVE CONTROLS 

by « e l l thermocouple Connect" on 

by w a l l thermocouple mmmz Iffifffeffi'WAIU.W If f lp r S ^ ^ 1 
gMi i i ; {i") Fluid distr ibutor 

No symbol Manual control by thermometer =€?= Electromagnetic Pump Various measure type 

j 5 ~ c = Electrical motor control by thermostat 
Induction electromagnetic 
pump •_ 

Flexible 

Selenold control by resistance m Gear Pumps 

Pneumatic c o n t r o l 

? Hldraullc control Flou Measures 

^=tO= 

=o 
Void pumps 

Blow 

%mm •n^rimm. 
® 

electromagnetic flown*ter Heater -<3> 
Flow detector ^ ^ ^ ^ Cooler 

Diesel or alternator 

Trasforner 

Sect loner 

l iquid flow Indicator DlT'unctloner 

Liquid flow Indicator Fusible and connecter 

http://Votanetrlc-M.tr
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6 . 3 SYMBOL SOrttMClMUM IN FI61MUS A2. « . C I . C5. C8. C9, C M . CI» , C17 

I t L l U 

~S_ 

" V 

Angle valve 

RlgM valve* (opt i ) 
Ktfht valves (closed) 

Regulation valve 

<r 
- @ -

-o-
^ 

Centrfonwfal | 

Volumetric | 

- { 2 - Manual control valve V Hrabrtnt compressor 

MS- Hon reversal * l W f "er Piston coaoreiwr 

--<P- Eihamt valve OF "Roost" compressor 

Manual control valve - # - Blow, vent i la tor 

- B Ó - Manual control valve -C^ j } - Evaporator beat »icha»ftr 

C*3— f l o a t i n g valve 

-S- notorized valve 

IS- Moterlirtf * iNc Hfww)l- ( l t c t r l c o l h n t t r 

JL Ilectro-valve P/rot tna i 

JL Otaphraa* valve (fleto) Heating tlvatnt 

• & -

f lectrovalve control led at a dit tane* 

- r * j — Pneumatic regulating valve 

-cnu- Silencer 

Jansen valve B Oitgene analyser 

- O j O - Mechanical connection 
^ 

-EH Hotorlied »•!»» «tif i Indicator 

± Safety valve 

Security faste 

Taken-do*n coupling 0 T K C ft S 

flange 153 Argon tank 

J/gj> •rtawry contalnwnt cHpIng 

r= l»rvi Joint 

* . | > c j — R C flow reault tor 

« t » S U « t S 

—UO-

—O-
• — i i — 

- 0 -

br* 

MoMrter 

[ I f c t r o w j n e t l r f lOMWItr 

•ermwent fIrctrcMtonetlc flowmeter 

Mooting (IcMwtrr 

mitr detector 

fluid circuiti Ion detector 

Tnenaocovple (In «ell) 

Thermocouple (contiet) 

Tnen 

Ine mores Islence 

Theraoreouletor 

I K I I feeder 

•eider >t « tuner 

O l f f r r e n ' . l i l preftwre 

Continuo* I t e t i 

Dli.ontlovot leeel 

Hotline 

Sodimi' Ickk detector 

Sodium Ink detector 

d 
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7. DETAILED DESCRIPTION OF THE FBR SYSTEMS 

In the following pages a detailed description of the systems constituting 

a typical fast breeder reactor (resumed in chapter 5), are described. 

As f.ated above, for every system the following information is given: 

- Short system description. 

- Main functions 

- Operating mode ( i . e . : main operating conditions of the plant under which 

the system must run). 

- Main system components. 

- Main interface systems. 

- Component safety class. 

- Component environment. 

The list of the systems and the index of the exact page on v.hicl; the 

system description is reported may be found in the following pages (paragraph 

7 .1 . ) . 
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7.1. LIST OF SYSTEMS 

A - NUCLEAR HEAT SYSTEM 

A60 - REACTOR CORE SYSTEM 

A61 - PRIMARY SODIUM CORE COOLING SYSTEM (LMFBR-LOOP) 

A62 - niMARY SODIUM CORE COOLING SYSTEM (LMFBR-POOL) 

A63 - SECONDARY SODIUM CORE COOLING SYSTEM (NON PO

WER PRODUCING REACTORS) 

A64 - SECONDARY SODIUM CORE COOLING SYSTEM (POWER PRO 

DUC1NG REACTORS - POOL REACTORS). 

A65 - HEAT TO AIR TRANSFER SYSTEM 

A66 - STEAM GENERATOR SYSTEM 

A67 - REACTOR VESSEL EQUIPMENT (LMFBR-LOOP) 

A68 - REACTOR VESSEL EQUIPMENT (LMFBR-POOL) 

A69 - CONTROL ROD DRIVE SYSTEM 

A70 - ADDITIONAL SHUT-DOWN SYSTEM 

A71 - REFUELING PLUG ROTATION SYSTEM 
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B - ENGINEERING SAFETY FEATURES 

B60 - PRIMARY REACTOR CONTAINEMENT SYSTEM 

B61 - SECONDARY REACTOR CONTAINMENT SYSTEM 

B62 - SECONDARY SODIUM AND STEAM GENERATOR CONTAINE 

MENT SYSTEM 

B63 - FUEL HANDLING CONTAINMENT SYSTEM 

B64 - RADIOACTIVE GAS STORAGE CONTAINEMENT SYSTEM 

B65 - RESIDUAL HEAT REMOVAL SYSTEM 

B66 - ULTIMATE VESSEL COOLING SYSTEM 

B67 - EMERGENCY SODIUM SUPPLY SYSTEM 

B68 - PRESSURE RELIEF SYSTEM 

B69 - SODIUM-WATER SPLITTING SYSTEM 

B70 - SHIELD SYSTEM 
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C - REACTOR AUXILIARY SYSTEMS 

C l l - RADWASTE COOLING WATER SYSTEM 

C12 - SAFETY EQUIPMENT COMPRESSED AIR SYSTEM 

C15 - NUCLEAR SYSTEM BUILDING SERVICING EQUIPMENT 

C60 - PRIMARY SODIUM PURIFICATION SYSTEM 

C61 - PRIMARY SODIUM PURITY CHECK SYSTEM 

C62 - PRIMARY SODIUM DRAINING SYSTEM 

C63 - PRIMARY SODIUM MAKE-UP AND LEVEL CONTROL SY 

STEM 

C64 - PRIMARY SODIUM PREHEATING SYSTEM 

C65 - MAIN REACTOR VESSEL - GUARD VESSEL NITROGEN 

LOOP 

C66 - PRIMARY SODIUM COVER GAS SYSTEM 

C67 - PRIMARY SODIUM COVER GAS PURIFICATION SYSTEM 

C68 - SECONDARY SODIUM PURIFICATION SYSTEM 

C69 - SECONDARY SODIUM PURITY CHECK SYSTEM 

C70 - SECONDARY SODIUM PREHEATING SYSTEM 

C71 - SECONDARY SODIUM DRAINING AND FILLING SYSTEM 

C72 - SECONDARY SODIUM COVER GAS SYSTEM 

C73 - REFUELING PLUG GAS INJECTION SYSTEM 

C74 - MAIN-GUARD VESSEL NITROGEN SYSTEM COOLING LOOP 

C75 - ORGANIG LIQUID LOOP 

C76 - NITROGEN LOOP COOLING PRIMARY AND SECONDARY 

SODIUM COLD TRAPS 

C77 - NITROGEN REACTOR SHIELD COOLING LOOP 

C78 - SECONDARY REACTOR SHIELD COOLING LOOP 

C79.- SODIUM DRAWING AND CONVEYING SYSTEM OF THE DELA 

YED NEUTRON DETECTION SYSTEM 

C80 - GAS DRAWING AND COVEYING SYSTEM OF THE GASEOUS 

FISSION PRODUCT DETECTION SYSTEM 
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C81 - PRIMARY COVER GAS ANALYSIS SYSTEM 

C82 - STEAM GENERATOR SODIUM DRAWER SYSTEM 

C83 - FRESH SODIUM TRANSFER AND RECEIVING SYSTEM 

C84 - SODIUM STORAGE AND DISTRIBUTION SYSTEM 

C85 - ARGON STORAGE AND DISTRIBUTION SYSTEM 

C86 - HELIUM STORAGE AND DISTRIBUTION SYSTEM 

C87 - NITROGEN STORAGE AND DISTRIBUTION SYSTEM 

C88 - NUCLEAR FIRE PROTECTION SYSTEM 
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D - FUEL STORAGE AND HANDLING SYSTEM 

D60 - FUEL STORAGE AND HANDLING SYSTEM 

D61 - SPENT FUEL POOL COOLING SYSTEM 

D62 - SPENT FUEL SODIUM POOL AUXILIARY SYSTEMS 

(SODIUM MAKE-UP AND LEVEL CONTROL, SODIUM PU 

RIFICATION) 

D63 - SPENT FUEL POOL COVER GAS SYSTEM 

D64 - IRRADIATED FUEL CASK SODIUM FILLING SYSTEM 

D65 - FUEL HANDLING EQUIPMENT ARGON SYSTEM 

D66 - REACTOR COMPONENT HANDLING SYSTEM 

E - RADIOACTIVE WASTE MANAGEMENT SYSTEMS 

E5 - EQUIPMENT AND FLOOR DRAINAGE SYSTEM 

E6 - RECOVERED WATER STORAGE AND DISTRIBUTION SYSTEM 

E7 - STEAM GENERATOR BLOWDOWN SYSTEM 

E60 - LIQUID RADIOACTIVE WASTE SYSTEM 

E61 - SOLID RADIOACTIVE WASTE SYSTEM 

E62 - GASEOUS RADIOACTIVE WASTE SYSTEM 
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F - STEAM AND POWER CONVERSION SYSTEM 

Fl - MAIN STEAM SYSTEM 

F2 - TURBINE SYSTEM 

F3 - TURBINE STEAM SEALING SYSTEM 

F4 - MAIN CONDENSER SYSTEM 

F5 - NON-CONDENSABLE GASES EXTRACTION SYSTEM 

F6 - TURBINE BYPASS SYSTEM 

F7 - STEAM EXTRACTION SYSTEM 

F8 - CONDENSATE AND FEEDWATER SYSTEM 

F9 - MOISTURE SEPARATORS, REHEATERS SYSTEM 

FIO - MOISTURE SEPARATORS, REHEATERS DRAIN SYSTEM 

F l l - HEATERS DRAINS AND VENTS SYSTEM 

F12 - VARIOUS THERMAL CYCLE DRAINS AND VENTS 

SYSTEM 

F13 - CHEMICAL ADDITIVE INJECTION SYSTEM 

F14 - CONDENSATE DEM1NERELIZER SYSTEM 

F15 - CIRCULATING WATER SYSTEM (Open Cycle) 

F16 - CIRCULATING WATER SYSTEM (Closed Cycle) 

F17 - CIRCULATING WATER TREATMENT SYSTEM 

F18 - COOLING TOWERS SYSTEM 

F19 - SEAL WATER SYSTEM 



32 

G - POWER TRANSMISSION SYSTEM 

Gl - GENERATOR SYSTEM 

G2 - MAIN BUS DUCT SYSTEM 

G3 - M/IN TRANSFORMERS SYSTEM 

G4 - AUXILIARY TRANSFORMERS SYSTEM 

G5 - BACK-UP AUXILIARY TRANSFORMERS SYSTEM 

G6 - SWITCHYARD TO STATION H.V CONNECTION 

H - ELECTRIC POWER SYSTEM 

HI - MEDIUM VOLTAGE SYSTEM 

H2 - LOW VOLTAGE SYSTEM 

H3 - VITAL INSTRUMENT AND COMPUTER A.C. SYSTEM 

H4 - ON-SITE D . C . SYSTEM 

H5 - DIESEL GENERATOR SYSTEM 

H6 - ELECTRICAL HEAT TRACING SYSTEM 

H7 - LIGHTING AND TAXED MOTIVE POWER SYSTEM 

H8 - SECURITY SYSTEM 

H9 - COMMUNICATION SYSTEM 

H10- CATHODIC PROTECTION SYSTEM 

H l l - GROUNDING SYSTEM 
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I - INSTRUMENTATION, SUPERVISION, MONITORING SYSTEMS 

111 - OFF-SITE RADIOLOGICAL MONITORING SYSTEM 

160 - COMPUTER SYSTEM 

161 - ALARM SYSTEM 

162 - MAIN CONTROL ROOM BENCHBOARD SYSTEM 

163 - SISMIC MONITORING SYSTEM 

164 - IN-CORE AND EX-CORE NEUTRON MONITORING SYSTEM 

165 - RADIATION MANITORING SYSTEM 

166 - SODIUM DELAYED NEUTRON DETECTION SYSTEM 

167 - FISSION PRODUCT DETECTION SYSTEM IN PRIMARY 

COVER GAS 

168 - HYDROGEN DETECTION SYSTEM IN SECONDARY SODIUM 

169 - HYDROGEN DETECTION SYSTEM IN SECONDARY COVER GAS 

170 - PRIMARY AND SECONDARY SODIUM LEAK DETECTION SYSTEM 

171 - PRIMARY SODIUM CORE COOLING LOOP TEMPERATURE MONI

TORING SYSTEM 

172 - SECONDARY SODIUM CORE COOLING SYSTEM TEMPERATURE 

MONITORING SYSTEM 

173 - STEAM GENERATOR TEMPERATURE MONITORING SYSTEM 

174 - SODIUM LEVEL MINITORING SYSTEM 

175 - SODIUM BOILING MONITORING SYSTEM 

176 - CORE VISUS SYSTEM 

177 - CORE OUTLET TEMPERATURE MONITORING SYSTEM 

178 - CORE OUTLET TEMPERATURE TREATMENT COMPUTER SYSTEM 

179 - PRIMARY AND SECONDARY SODIUM FLOW MONITORING SYSTEM 

180 - GAS FLOW AND PRESSURE MONITORING SYSTEM 

181 - CONTROLLED ATMOSPHERE MONITORING SYSTEM 
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L - PROTECTION AND CONTROL SYSTEMS 

L2 - BOP PROTECTION SYSTEM 

L9 - TURBINE CONTROL SYSTEM 

L60 - REACTOR PROTECTION SYSTEM 

L61 - ENGINEERING SAFETY FEATURE ACTION SYSTEM 

L62 - REACTOR POWER CONTROL SYSTEM 

L63 - FLOW CONTROL SYSTEM 

L64 - MAIN VESSEL ARGON PRESSURE CONTROL SYSTEM 

L65 - MAIN-GUARD VESSEL NITROGEN PRESSURE CONTROL 

SYSTEM 

L66 - PRIMARY AND SECONDARY SODIUM PURITY CHECK TEM

PERATURE CONTROL SYSTEM 

L67 - CONTROL SYSTEM OF THE PRIMARY AND SECONDARY SO 

DIUM COLD TRAP COOLING SYSTEM 

L68 - SPENT FUEL POOL COOLING LOOP CONTROL SYSTEM 

L69 - AIR FLOW CONTROL SYSTEM IN THE SODIUM-AIR HEAT 

EXCHANGERS 
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M - PLANT BUILDING HVAC SYSTEMS 

Mil - REACTOR AUXILIARY BUILDING HVAC SYSTEM 

M12 - CONTROL ROOM BUILDING HVAC SYSTEM 

M14 - EMERGENCY DIESEL GENERATOR BUILDING HVAC SYSTEM 

M15 - RADWASTE BUILDING HVAC SYSTEM 

M16 - SOLID WASTE STORAGE HVAC SYSTEM 

M17 - ESF VAULTS HVAC SYSTEM 

M18 - CONTROLLED AREA SERVICE BUILDING HVAC SYSTEM 

M20 - MAIN PIPE CHASE HVAC SYSTEM 

M21 - INTERBUILDING CORRIDORS AND TUNNELS HVAC SYSTEM 

M23 - PLANT STACK AND VENT AIR DISCHARGE SYSTEM 

M24 - TURBINE BUILDING HVAC SYSTEM 

M26 - NON-ESSENTIAL SWITCHGEAR BUILDING HVAC SYSTEM 

M27 - GENERAL SERVICE BUILDING HVAC SYSTEM 

M28 - CIRCULATING WATER PUMPING STATION HVAC SYSTEM 

M29 - CIRCULATING WATER TREATMENT BUILDING HVAC SYSTEM 

M60 - PRIMARY CONTAINMENT VENTILATION SYSTEM 

M61 - REACTOR BUILDING VENTILATION SYSTEM 

M62 - ACTIVE SODIUM ROOM VENTILATION SYSTEM 

M63 - SECONDARY SODIUM AND STEAM GENERATOR BUILDING VEN 

TILATION SYSTEM 

M64 - FUEL HANDLING BUILDING VENTILATION SYSTEM 
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N - SERVICE AUXILIARY SYSTEMS 

N2 - BALANCE OF PLANT (BOP) COOLING SYSTEM # 

N3 - CHILLED WATER SYSTEM 

N10 - NON-RADIOACTIVE WASTE TREATEMENT SYSTEM 

N i l - SERVICE AND INSTRUMENT COMPRESSED AIR SYSTEM 

N12 - DISTILLED WATER SYSTEM 

N15 - BALANCE OF PLANT (BOP) FIRE FIGHTING SYSTEM 

N16 - SERVICE EQUIPMENT SYSTEM 

N17 - WELDING, BREATHING, LABORATORY GAS SYSTEM 

N18 - TRANSFORMER INSULATING OIL SYSTEM 

N19 - LUBE OIL STORAGE SYSTEM 

N60 - CIRCULATING WATER PUMPING STATION AND LOOP 

N61 - RAW WATER SYSTEM 

N62 - INDUSTRIAL WATER SYSTEM 

N63 - DEMINERALIZED WATER PRODUCTION AND DISTRIBUTION 

SYSTEM 

N64 - PRETREATED WATER DISTRIBUTION SYSTEM 

N65 - STEAM PREHEATING SYSTEM 

N66 - HYDROGEN AND CARBONIC GAS SYSTEM 

N67 - STOCKAGE SYSTEM 
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O - STRUCTURAL SYSTEMS 

060 - REACTOR BUILDING 

061 - FUEL STORAGE AND HANDLING EQUIPMENT 

062 - STEAM GENERATOR AND SECONDARY SODIUM BUILDING 

063 - AUXILIARY NUCLEAR SYSTEM BUILDING 

064 - MACHINE BUILDING 

065 - ELECTRICAL BUILDINDS 

066 - PUMP STATION BUILDING 

067 - EMERGENCY DIESEL GENERATOR BUILDING 

068 - STORAGE BUILDING 

069 - CONTROL ROOM AND ANNEXED BUILDINGS 

070 - SOLID WASTE STORAGE STRUCTURE 

071 - GASEOUS WASTE STORAGE BUILDING 

072 - RADWASTE TREATMENT BUILDING AND TANK FARM 

073 - WORKSHOP BUILDING 

074 - GALLERIES 

074 - CAST 
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7.2 LIST OF FIGURES 

Fig. Al SPX Reactor Core - Nominal configuration 

•' A2 Primary Sodium Core cooling system (LMFBR-
LOOP) general vew and perspective of a Loop 

n A3 Primary Sodium Core cooling system (LMFBR-
POOL) general vew and perspective 

" A4 Secondary Sodium Core cooling system (LMFBR-
LOOi) 

" A5 Secondary Sodium Core cooling system (LMFBR) 
associated to one steam gen. : perspective and 
general view 

n A6 Heat to air transfer system 

" A7 Stem generator system 

" A8 Reactor vessel equipment (LMFBR-LOOP) 

" A9 Reactor vessel equipment (LMFBR-POOL) 

" AIO Example of control drive system 

" All Example of control rod drive systems 

" A12 Refueling plug rotation system 

" A13 Control plug and core cover moving system 

" Bl SPX reactor: primary and secondary containment 
system 

n B2 FFTF and PEC primary and secondary containment 

" B3 Secondary sodium and steam generator system 

" B4 Fuel handling containment system 

" B5 SPX reactor residual heat removal system 

" B6 Ultimate vessel cooling system 

" B7 Pressure relief system 

" B8 Sodium-water splitting system 

" CI Primary sodium purification andcheck system 

" C2 Sodium purity check system 

" C3 Main vessel-guard vessel nitrogen loop 

" C4 Primary sodium cover gas system 

" C5 Cover gas purification system 

" C6 Secondary sodium purification system 
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C7 Secondary sodium draining and filling system 

C8 Secondary sodium cover gas system (power not 
generating reactors) 

C9 Refueling gas injection system 

CIO Main-guard vessel nitrogen system cooling loop 

Cl l Organic liquid loop 

C12 Example of a nitrogen loop cooling purification 
sodium cold traps 

C13 Nitrogen shield cooling system 

C14 Secondary shield cooling system 

C15 Sodium delayed neutron drawing and conveying 
system 

C16 Gas drawing and conveying system of the DRG 

C17 Primary cover gas analysis system 

C18 Steam generator sodium drawer system 

C19 Fresh sodium transfer and receiving system 

C20 Argon storace and distribution system 

C21 Nitrogen storage and distribution system 

Dl Spent fuel storage and handling equipement 

D2 Spent fuel pool cooling system 

D3 Spent fuel sodium pool auxiliary systems 

D4 Spent fuel pool cover gas system 

D5 Irradiated fuel cask sodium filling system 

06 Fuel handling equipement and auxiliary argon system 

07 Reactor component handling system 

El Radioactive liquid waste flow diagram 

E2 Radioactive liquid waste flow diagram 

E3 Gaseous radioactive waste system 

I 1 Computer system 

I 2 Main control room benchboard system 

I 3 Main control room benchboard system 

I 4 Hydrogen detenction system in secondary 

I 5 Example of sodium leak detection system 

I 6 Example of safety (Shut-down and alarm) 
processing system 

sodium 

signal 
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Fig. I 7 Core outlet temperature monitoring system (example 
of signal processing system) 

LI SPX reactor protection system 

L2 General example (block diagram) of a regulating 
system 

L3 Regulating system of the primary sodium pump speed 

L4 Steam generator: water feed regulation (example) 

L5 Steam generator: steam pressure regulation (example) 

L6 Primary argon pressure regulating system (scheme) 

L7 Main-guard-vessel nytrogen loop pressure regulating 
system (scheme) 

Ml Reactor building ventilation system 

M2 Active sodium room ventilation system 

M3 Fuel handling ventilation system n 

it 

n 

Nl Circulating water pumping station loop 

N2 Raw water system 

N3 Demineralized water production and distribution 
system 

N4 Pretreated water distribution system 

N5 Steam preheating system 

01 FFTF general building arrangement 
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A - NUCLEAR HEAT SYSTEM 

A60 - REACTOR CORE SYSTEM 

A61 - PRIMARY SODIUM CORE COOLING SYSTEM (LMFBR-LOOP) 

A62 - PRIMARY SODIUM CORE COOLING SYSTEM (LMFBR-POOL) 

A63 - SECONDARY SODIUM CORE COOLING SYSTEM (NON PO

WER PRODUCING REACTORS) 

A64 - SECONDARY SODIUM CORE COOLING SYSTEM (POWER PRO 

DUCING REACTORS - POOL REACTORS). 

A65 - HEAT TO AIR TRANSFER SYSTEM 

A66 - STEAM GENERATOR SYSTEM 

A67 - REACTOR VESSEL EQUIPMENT (LMFBR-LOOP) 

A68 - REACTOR VESSEL EQUIPMENT (LMFBR-POOL) 

A69 - CONTROL ROD DRIVE SYSTEM 

A70 - ADDITIONAL SHUT-DOWN SYSTEM 

A71 - REFUELING PLUG ROTATION SYSTEM 
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A60 - REACTOR CORE SYSTEM 

The reactor core system is designed to produce by fission the heat 

that will be trasformed in electrical energy. The produced heat is removed 

by a primary sodium coolant system and transferred by the secondary so

dium coolant system to the steam generator. The reactor core system also 

constitutes, by the gain, the first barrier against the fission product relè 

ase. 

MAIN FUNCTIONS: 

- Produce by fission the heat to be trasformed in electrical energy. 

- Convey the sodium flow necessary to cool the fuel pins. 

- Control the power by the control rods. 

- Transform U in Plutonium. 

- Shield the heat and radiations. 

- Constitute by the fuel pin the first barrier against fission product relea

se. 

MODE OF OPERATION: Normal, Upset, Emergency, Faulted. 

SYSTEM PLACEMENT: Vessel equipment. 

MAIN INTERFACE SYSTEMS: 

- Primary sodium core cooling system (A61, A62) 

- Secondary sodium core cooling system (A63, A64) 

- Heat to air transfer system (A65) 

- Steam generator system (A66) 

- Reactor vessel equipment (A67, A68) 

- Control rod drive system (A69, A70) 

- Frimary reactor containment system (B60) 

- Residual heat removal system (B65) 

- Ultimate vessel cooling system (B66) 

- Emergency sodium supply system (B67) 

- Primary sodium purification system (C60) 

- Main-guard vessel niitrogen loop (C65) 

- Primary sodium cover gas system ( C66) 
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- Fuel storage and handling equipment (D60) 

- Computer system (160) 

- Sismic monitoring system (163) 

- In-core and ex-core neutron monitoring system (164) 

- Fission product detection in primary cover gas (167) 

- Core visus system (176) 

- Sodium Level Monitoring System (174) 

- Core cutlet temperature monitoring system (177) 

- Core outlet temperature treatment computer system (178) 

- Primary and secondary sodium flow monitoring system (179) 

- Sodium delayed neutron detection system (166) 

- Reactor protection system (L60) 

- Engineering safety feature action system (L61) 

- Reactor Power control system (L62) 

- Flow Control System (L63) 

MAIN COMPONENTS SAFETY CLASS 

- New fuel assemblies 

- Irradiated fuel assemblies 

- Test fuel assemblies 

- Fertile assemblies 

- Control rods 

- Safety rods 

- Neutron alrsorbers 

- Neutron sources 

- Reflector assemblies 

- Radial shields 

- Core support structure 

- In-core rod channel ducts 

- Baffle 

COMPONENT WORKING ENVIRONMENT: the system components opera 

dium. 

e in so-
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A61 - PRIMARY SODIUM CORE COOLING SYSTEM (LMFBR-LOOP) 

The primary sodium core cooling system is designed to convey by the 

centrifugal pumps the cooling sodium from the core to the intermediate heat exchan 

gers and from them to the core. The system also constitutes the second bar 

rier against fission product release: it must contain the primary sodium also 

in case of hypothetical accident. 

The system consists of the pumps, the sodium-sodium heat exchangers 

and the pipes to convey the sodium. 

MAIN FUNCTIONS: 

- Contribute to the core heat removal system by conveying the indium 

- Transfer the removed core heat to the secondary sodium cooling system by 

the sodium - sodium heat exchangers. 

- Contain the primary sodium (together with the core main tank). 

- Constitute the second harrier against fission product release by containhg 

the primary sodium also in case of fuel pin break. 

MODE OF OPERATION: Normal, Upset, Emergency, Faulted, Hypothetical ac

cident. 

SYSTEM PLACEMENT: Primary reactor containment. 

MAIN INTERFACE SYSTEMS: 

- Reactor core system (A60) 

- Secondary sodium coolant system (A63) 

- Control rod Drive System (A69) 

- Reactor vessel equipment (A67) 

- Reactor Primary containment system (B60) 

- Residual Heat Removal System (B65) 

- Emergency sodium supply system (B67) 

- Ultimate vessel cooling system (B66) 

- Primary sodium purification system (C60) 

- Primary sodium purity check system (C61) 

- Primary sodium draining system (C62) 

- Primary sodium make-up system (C63) 
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- Primary sodium Preheating System (C64) 

- Primary sodium Cover gas system (C67) 

- Sodium Drawing and Conveying System of DND (C79) 

- Sodium Storage and Distribution System (C84) 

- Computer System (160) 

- Primary and Secondary Sodium Leak Detection System (170) 

- Primary Sodium Core Cooling Loop Temperature Monitoring System (171) 

- Sodium Level Monitoring System (174) 

- Primary and Secondary Sodium Flow Monitoring System (179) 

- Flow Control System (L63) 

- Active Sodium Room Ventilation System (M62) 

- Low Voltage System (H2) 

- Medium Voltage System (HI) 

MAIN COMPONENTS: SAFETY CLASS 

- Centrifugal pumps 

- Motors 

- Pipes 

- Pipe supports 

- Tanks and vessels 

- Heat exchangers 

- Instrumentation 

COMPONENT WORKING ENVIRONMENT: The system components operate in so 

dium, argon, or controlled atmosphere. 
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FIG. A2 - PRIMARY SODIUM CORE COOLING SYSTEM (LMFBR-LOOP) GENERAL VEW AND PERSPECTIVE OF A°LOOP 
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A62 - PRIMARY SODIUM CORE COOLING SYSTEM (LMFBR-POOL) 

The primary sodium core cooling system is designed to pump the pri

mary sodium from the core to the sodium - sodium heat exchangers and from 

them to the core. It essentially consists of the centrifugal pumps, the sodi

um - sodium heat exchangers and the hot and cold sodium conveying appara

tus . All the components are plunged in the primary sodium contained in core 

main vessel (A68). 

The system contributes to the second barrier against the fission produ 

ct release. 

MAIN FUNCTIONS: 

- Contribute to core heat removal by conveying the primary sodium from the 

core to the sodium - sodium heat exchangers and from these to the core. 

- Transfer the heat to the secondary sodium core cooling system by the he 

at exchangers. 

- Serve as the second barrier against the fission product release. 

MODE OF OPERATION: Normal, Upset, Emergency. 

SYSTEM PLACEMENT: Reactor vessel equipment. 

MAIN INTERFACE SYSTEMS: 

- Reactor core system (A60) 

- Secondary sodium coolant system (A64) 

- Reactor vessel equipment (A68) 

- Control Rod Drive System (A69) 

- Reactor Primary Containment system (B60) 

- Residual Heat Removal System (B65) 

- Emergency sodium supply system (B67) 

- Ultimate vessel cooling system ( B66) 

- Primary sodium purification system (C60) 

- Primary sodium purity check system (C61) 

- Primary sodium draining system (C62) 

- Primary sodium make-up system (C63) 

- Primary sodium preheating system (C64) 

- Primary sodium cover gas system (C67) 
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- Sodium Drawing and Conveying System of DND (C79) 

- Sodium Storage and Distribution System (C84) 

- Computer System (160) 

- Primary and Secondary Sodium Leak Detection System (170) 

- Primary Sodium Core Cooling Loop Temperature Monitoring System (171) 

- Sodium Level Monitoring System (174) 

- Primary and Secondary Sodium Flow Monitoring System (179) 

- Flow Control System (L63) 

- Active Sodium Room Ventilation System (M62) 

- Low Voltage System (H2) 

- Medium Voltage System (Hi) 

SAFETY CLASS MAIN COMPONENTS: 

- Centrifugal pumps 

- Motors 

- Pipes 

- Heat exchangers 

- Sodium conveying apparatus 

- Liners 

- Tanks and vessels 

- Instrumentation 

COMPONENT WORKING ENVIRONMENT: the system components opera 

dium, argon, and controlled atmpsphere. 

e in so 
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A63 - SECONDARY SODIUM CORE COOLING SYSTEM (NON POWER PRODU

CING REACTORS) 

This system conveys by pumps and pipes the secondary non-activated 

sodium from the sodium - sodium heat exchangers to the sodium - air heat 

exchangers which transfer the heat produced in the core to the atmosphere. 

MAIN FUNCTIONS: 

- Transfer the heat produced in the reactor core from the primary to the 

secondary sodium by the sodium - sodium heat exchangers. 

- Transfer the heat to the atmosphere hy the sodium - air heat exchangers 

- Convey the secondary sodium. 

- - Maintain a positive pressure differential in the secondary sodium with re

spect to the primary one. 

MODE OF OPERATION: Normal, Upset, Emergency. 

SYSTEM PLACEMENT: Secondary sodium and building. 

MAIN INTERFACE SYSTEMS: 

- Reactor Core System (A60) 

- Primary Sodium Core Cooling System (A61) 

- Heat Transfer to Air System (A65) 

- Reactor Vessel Equipment (A67) 

- Primary Reactor Containment System (B60) 

- Secondary Reactor Containment System (B61) 

- Secondary Sodium and Steam Generator Containment System (B62) 

- Residual Heat Removal System (B65) 

- Secondary Sodium Purification System (C68) 

- Secondary Sodium Purity Check System (C69) 

- Secondary Sodium Preheating System (C70) 

- Secondary Sodium Draining and Filling System (C71) 

- Secondary Sodium Cover Gas System (C72) 

- Sodium Storage and Distribution System (C84) 

- Computer System (160) 

- Primary and Secondary Sodium Leak Defection System (170) 
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- Secondary Sodàm CoreCodkig System. Temperature Monitoring System 4173) 

- Sodium Level Monitoring System (174) 

- Primary and Secondary Sodium Flow Monitoring System (179) 

- Flow Control System (L63) 

- Low Voltage System (H2) 

- Medium Voltage System (HI) 

MAIN COMPONENTS: 

- Centrifugal pumps 

- Motors 

- Pipes 

- Pipe support 

- Tanks and Vessel 

- Sodium-air heat exchanger 

- Valves 

- Instrumentation 

COMPONENT WORKING ENVIRONMENT: The system components operate in 

primary sodium, argon, controlled atmosphere. 

SAFETY CLASS 

1/2 
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A64 - SECONDARY SODIUM CORE COOLING SYSTEM (POWER PRODUCING 

REACTORS) 

This system pumps the secondary non-activated sodium from the sodi

um - sodium heat exchanger to the steam generator system which transfers 

the heat produced in the core to the water. 

MAIN FUNCTIONS: 

- Transfer the heat produced in the reactor core from the prinary to the 

secondary sodium by the sodium - sodium heat exchangers. 

- Transfer the heat to water by the steam generator system. 

- Convey the secondary sodium. 

- Maintain a positive pressure differential in the secondary sodium with re

spect to the primary one. 

MODE OF OPERATION: Normal, Upset, Emergency 

SYSTEM PLACEMENT: Secondary sodium and steam generator building. 

MAIN INTERFACE SYSTEMS: 

- Reactor Core System (A60) 

- Primary Sodium Core Cooling System (A61) 

- Steam Generator System (A66) 

- Reactor Vessel Equipment (A67) 

- Reactor Primary Containment System (B60) 

- Reactor Secondary Containment System (B61) 

- Secondary Sodium and Steam Generator Containment System (B64) 

- Residual Heat Removal System (B65) 

- Secondary Sodium Purification System (C68) 

- Secondary Sodium Purity Check System (C69) 

- Secondary Sodium Preheating System (C70) 

- Secondary Sodium Draining and Filling System (C71) 

- Secondary Sodium Cover Gas System (C72) 

- Sodium Storage and Distribution System (C84) 
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- Computer System (160) 

- Primary and Secondary Sodium Leak Detection System (170) 

- Hydrogen Detection System in econdary Sodium (168) 

- Secondary Sodium CoréCoolir.r System Temperature Monitoring System (172) 

- Sodium Level Monitoring System (174) 

- Primary and Secondary Sodium Flow Monitoring System (179) 

- Flow Control System (L63> 

- Low Voltage System (H2) 

- Medium Voltage System (HI) 

MAIN COMPONENTS: 

- Centrifugal pumps 

- Motors 

- Pipes 

- Pipe Supports 

- Tank and Vessels 

- Valves 

- Instrumentation 

COMPONENT WORKING ENVIRONMENT: The system components operate in 

primary sodium, argon, controlled atmosphere. 

SAFETY CLASS 

« 1 
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A65 - HEAT TO AIR TRANSFER SYSTEM 

This system is designed to transfer the heat produced in the core from 

the secondary sodium core cooling system to the external air. Each system 

consists in the sodium - air heat exchangers (one or more), the caissons to 

convey the air, the air flow control systems and the fans. 

MAIN FUNCTIONS: 

- Transfer heat from the secondary sodium to the external air. 

- Convey the air to the sodium - air heat exchangers. 

- Control the air flow. 

MODE OF OPERATION : Normal, Upset, Emergency 

SYSTEM PLACEMENT: Sodium building. 

MAIN INTERFACE SYSTEMS: 

- Reactor Core System (A60) 

- Primary Sodium Core Cooling System (A61) 

- Secondary Sodium Core Cooling System (A63) 

- Secondary Sodium and Steam Generator Containment System (B62) 

- Residual Heat Removal System (B65) 

- Secondary Sodium Preheating System (C70) 

- Secondary Sodium Draining And Filling System (C71) 

- Primary And Secondary Sodium Leak Detection System (170) 

- Secondary Sodium Core Cooling Loop Temperature Monitoring System (172) 

- Air Flow Control System In The Sodium Air Heat Exchangers (L69) 

- Low Voltage System (H2) 

- Medium Voltage System (HI) 
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MAIN COMPONENTS: SAFETY CLASS 

- Fans 1/2 

- Caissons 1/2 

- Motors 1/2 

- Instrumentation 1/2 

- Air flow control apparatus 1/2 

COMPONENT WORKING ENVIRONMENT: The system components operate in 

air. 
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A66 - STEAM GENERATOR SYSTEM 

The system is designed to produce steam by transferring heat from the 

secondary sodium reactor cooling system to the water conveyed to the steam 

generator by the water loop. 

The system comprises one or more steam generators; each steam gene

rator includes a series of tube bundles to preheat the water, produce and_ 

overheat the steam; the warms are contained in an exterior vessel. 

MAIN FUNCTIONS: 
• 

- Transfer heat from the secondary sodium to the water. 

- Produce and to overheat steam. 

- Control the water and steam flows in proportion to core power. 

MODE OF OPERATION: Normal, Upset. 

SYSTEM PLACEMENT: Steam generator building. 

MAIN INTERFACE SYSTEMS: 

- Reactor Core System (A60) 

- Primary Sodium Core Cooling System (A62) 

- Secondary Sodium Core Cooling System (A64) 

- Secondary Sodium And Steam Generator Containment System (B62) 

- Residual Heat Removal System (B64) 

- Pressure Relief System (B68) 

- Sodium - Water Splitting System (B69) 

- Main Steam System (Fl) 

- Turbine System (F2) 

- Circulating Water System (F15) 

- Circulating Water Treatment System (F17) 

- Computer System (160) 

- Hydrogen Detection System in Secondary Sodium (168) 

- Hydrogen Detection System in Secondary Cover Gas (169) 

- Steam Generator Temperature Monitoring System (173) 

- Reactor Protection System (L60) 
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MAIN COMPONENTS: SAFETY CLASS 

- Steam generator tube bundle 1 

- Steam overheating tube bundle 1 

- Water preheating tube bundle 1 

- Tube plates 1 

- Diaphragms 1 

- Exterior vessel (shell) 1 

- Supports 1 

- Valves 1 

- Instrumentation and control 1 

COMPONENT WORKING ENVIRONMENT: The system components operate in so 

dium, water and steam. 
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A67 - REACTOR VESSEL EQUIPMENT (LMFBR-LOOP) 

This system essentially consists in the grid supporting the core, the 

main vessel containing the core and the related plugs. It is designed to con 

tain and drive the primary sodium cooling the reactor core. It contributes to 

the second barrier against fission product release and constitutes a shield 

against the heat and radiations emitted by the reactor core. 

MAIN FUNCTIONS: 

- Support the reactor core. 

- Support, contain and drive the primary sodium cooling the reactor core. 

- Contain the primary sodium cover gas. 

- Contribute to the second barrier against the fission product release. 

- Contribute to the personnel operating staff biological protection. 

- Contribute to core cooling. 

- Shield the heat produced in the core. 

- Allow the penetration towards the core and the primary sodium of such a£ 

paratus as: instrumentation, rod mechanisms, refueling machines. 

- Allow fuel assembly handling. 

MODE OF OPERATION: Normal, Upset, Emergency, Faulted, Hypothetical ac

cidents. 

SYSTEM PLACEMENT: Primary containment. 

MAIN INTERFACE SYSTEMS: 

- Reactor Core System (A60) 

- Primary Sodium Core Cooling System (A61) 

- Control Rod Drive System (A69) 

- Additional Shut-down System (A70) 

- Refueling Plug Rotation System (A71) 

- Primary Reactor Containment System (B60) 

- Residual Heat Removal System (B65) 

- Ultimate Vessel Cooling System (B66) 
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- Emergency Sodium Supply System (B67) 

- Primary Sodium Purification System (C60) 

- Primary Sodium Purity Ceck System (C61) 

- Primary Sodium Draining System (C62) 

- Primary Sodium Preheating System (C63) 

- Main - Guard Reactor Vessel Nitrogen Loop (C65) 

- Primary Sodium Cover Gas System (C66) 

- Nitrogen Reactor Shield Cooling Loop (C77) 

- Primary Sodium Cover Gas Purification System (C67) 

- Main - Guard Vessel Nitrogen System Coc'ing Loop (C74) 

- Sodium Drawing And Conveying System Of The Delayed Neutron Detection 

System (C79) 

- Gas Drawing And Conveying System Of The Gaseous Fission Product 

Detection System (C80) 

- Fuel Storage And Handling System (D60) 

- Sismic Monitoring System (165) 

- Sodium Level Monitoring System (174) 

- Core Visus System (176) 

- Core Outlet Temperature Monitoring System (177) 

- Main - Guard Vessel Nitrogen Pressure Control System (L65) 

MAIN COMPONENTS: SAFETY CLASS 

- Main vessel 

- Guard vessel 

- Vessel supports 

- Penetrations 

- Fixed plug 

- Rotating (refueling) plug 

- Core cover 

- Core support grid 

- Heat shields 

- Neutron shields 1/2 

- Instrumentation 

COMPONENT WORKING ENVIRONMENT: The system components opera 

activated sodium, argon, nitrogen 

e in 
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A68 - REACTOR VESSEL EQUIPMENT (LMFBR-POOL) 

In pool reactors, the reactor vessel equipment, (consisting of the main 

and guard vessel and relative plugs), must contain the core with the relati

ve support grid, the sodium - sodium heat exchangers, the primary sodium 

pumps and the hot and cold primary sodium conveying apparatus; it follows 

that the reactor vessel equipment contains all the primary sodium and the 

relative core cooling system cover gas included. The system also constitutes 

the second barrier against the fission product release and a shield against 

the heat and the radiations produced in the core. 

MAIN FUNCTIONS: 

- Support the reactor core. 

- Support , to contain and to drive the primary sodium cooling the reac 

tor core, including the primary sodium core cooling system components (he 

at-exchangers, pumps, e t c . ) . 

- Contain the primary sodium cover gas. 

- Constitute the second barrier against fission product release. 

- Contribute to the personnel operating staff's biological protection. 

- Shield the heat produced in the core. 

- Allow the fuel assembly handling. 

- Allow the penetration towards the reactor core and the primary sodium of 

the following apparatus: instrumentation, control rod mechanisms, refue

ling machanies, etc. 

MODE OF OPERATION: Normal, Upset, Emergency, Faulted, Hypothetical ac

cidents. 

SYSTEM PLACEMENT: Primary containment. 

MAIN INTERFACE: 

- Reactor Core System (A60) 

- Primary Sodium Core Cooling System (A62) 

- Control Rod Drive System (A69) 
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- Additional Shut-down System (A70) 

- Refueling Plug Rotation System (A71) 

- Primary Reactor Containment System (B60) 

- Residual Heat Removal System (B65) 

- Ultimate Vessel Cooling System (B66) 

- Emergency Sodium Supply System (B67) 

- Primary Sodium Purification System (C60) 

- Primary Sodium Purity Check System (C61) 

- Primary Sodium Draining System (C62) 

- Primary Sodium Preheating System (C64) 

- Main - Guard Reactor Vessel Nitrogen Loop (C65) 

- Primary Sodium Cover Gas System (C66) 

- Nitrogen Reactor Shield Cooling Loop (C77) 

- Primary Sodium Cover Gas Purification System (C67) 

- Main - Guard Vessel Nitrogen System Cooling Loop (C74) 

- Sodium Drawing And Conveying System Of The Delayed Neutron Detection 

System (C79) 

- Gas Drawing And Conveying System Of The Gaseous Fission ProductDe 

tection System (C80) 

- Fuel Storage And Handling System (D60) 

- Sismic Monitoring System (165) 

- Sodium Level Monitoring System (174) 

- Core Visus System (176) 

- Core Outlet Temperature Monitoring System (177) 

- Main - Guard Vessel Nitrogen Pressure Control System (L65) 

MAIN COMPONENTS: SAFETY CLASS 

- Main vessel 1 

- Guard vessel 1 

- Penetration 1 

- Fixed plug 1 

- Refueling (rotating) plug 1 

- Seals 1 



68 

MAIN COMPONENTS: SAFETY CLASS 

- Core support grid 1 

- Core cover 1 

- Heat shields 1/2 

- Neutron shields 1/2 

- Instrumentation 1 

COMPONENT WORKING ENVIRONMENT: The system components operate in the 

following environment: activated primary sodium, argon, nitrogen. 
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A69 - CONTROL ROD DRIVE SYSTEM 

The system consists of the control rod drive mechanisms and is desi

gned to support, move and drive, during their movements, the core control 

rods. The system must operate during normal reactor operation to control 

the reactor power and during eventual reactor accidents in order to shut -

down the core. 

Two emergency reactor shut down types are provided: 

- Motorized control rod introduction in the core at constant speed; 

- Control rod gravity fall (the electrical supply is cut off to the rod sup

port electro-magnets). 

Also a normal reactor shut-down for refueling Is provided: the control 

rods are moved at constant speed, lower than that for emergency shut-down. 

MAIN FUNCTIONS: 

- Normal operation: 

. Move the control rods at constant speed in order to control the reactor 

power. 

. Shut-down reactor for refueling operation, eptc. 

. Lift the rods (after shut-down). 

- Safety functions (during reactor accidents): 

. Shut-down the reactor by inserting the control rods in the core at con-. 

stant speed. 

. Shut-down the reactor by fast insertion of the control rods in the core 

(gravity fall). 

- Seal function: Avoid primary containment atmosphere contamination. 

- Exceptional operation: Handle fuel assembly heads. 

MODE OF OPERATION: Normal, Upset, Emergency, Faulted. 

SYSTEM PLACEMENT: Primary containment, on the refueling plug. Main ves 

sei. 
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MAIN INTERFACE SYSTEMS: 

- Reactor Core System (A60) 

- Primary Sodium Core Cooling System (A61, A62) 

- Reactor Vessel Equipment (A67, A68) 

- Additional Shut-Down System (A70) 

- Refueling Plug Rotation System (A71) 

- Reactor Primary Containment System (B60) 

- Computer System (160) 

- Alarm System (161) 

- Main Control Room Benchboard System (162) 

- Reactor Protection System (L60) 

- Engineering Safety Feature Action System (L61) 

- Reactor Power Control System (L62) 

- Low Voltage System (H2) 

- Medium Voltage System (HI) 

MAIN COMPONENTS: 

- Motors 

- Electromagnets 

- Swing Pinions 

- Dampers 

- Main shaft 

- Servomechanisms 

- Grippers 

- Sealing systems 

- Mechanism housing 

- Instrumentation and control 

SAFETY CLASS 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

COMPONENT WORKING ENVIRONMET: The system components operate in nî  

trogen atmosphere (components up the plug), argon and primary sodium. 
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A70 - ADDITIONAL SHUT-DOWN SYSTEM 

This system exists only in some reactors. It is mounted in order to en 

sure shut-down of the reactor core in case of very serious and excep

tional accidents like an earthquake, etc. , during which the normal shut-down 

systems might not operate. 

With respect to normal shut-down system (A69) the main difference con 

sist in the electromagnet (two indipendent coils) and in the rods which are 

not rigid but jointed. 

MAIN FUNCTIONS: 

- Safety function: Shut-down the reactor Lv fast introduction of the rods 

in the core (gravity fault). 

- Seal function: Avoid primary containment atmosphere contamination by 

escape cover gas and argon vapour. 

- Normal operation: Lift the rods after shut-down. 

MODE OF OPERATION: Normal, Upset, Emergency, Faulted, Hypothetical ac

cident . 

SYSTEM PLACEMENT: Primary containment, on the refueling plug. Main ves 

sei. 

MAIN INTERFACE SYSTEMS: 

- Reactor Core System (A60) 

- Primary Sodium Core Cooling System (A61, A62) 

- Reactor Vessel Equipment (A67, A68) 

- Control Rod Drive System (A70) 

- Refueling Plug Rotation System (A71) 

- Reactor Primary Containment System (B60) 

- Computer System (160) 

- Alarm System (161) 

- Main Control Room Benchboard System (162) 

- Reactor Protection System (L60) 

- Engineering Safety Feature Action System (L61) 
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- Reactor Power Control System (L62) 

- Low Voltage System (H2) 

- Medium Voltage System (HI) 

MAIN COMPONENTS: SAFETY CLASS 

- Electromagnets 1 

- Swing pinions 1 

- Servomechanism 1 

- Grippers 1 

- Dampers 1 

- Housing 1 

- Instrumentation and control 1 

COMPONENT WORKING ENVIRONMENT: The system components operate in ni 

trogen atmosphere (plug components), argon and primary sodium. 
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A71 - REFUELING PLUG ROTATION SYSTEM 

The system allows the rotation of the refueling plug during fuel assem 

bly handling and refueling. It consists of motors and reducers that allow the 

shafting of the rotatory motion to the refueling plug. 

MAIN FUNCTIONS: 

- Rotatory motion of the refueling plug. 

MODE OF OPERATION: Normal, Upset, Emergency 

SYSTEM PLACEMENT: Primary containment 

MAIN INTERFACE SYSTEMS: 

- Primary Containment System (B60) 

- Reactor Core System (A60) 

- Reactor Vessel Equipment (A67, A68) 

- Control Rod Drive System (A69, A70) 

- Main Control Room Benchboard System (162) 

- Frimary Sodium Core Cooling System (A61, A62) 

- Refueling Plug Injection System (C73) 

- Primary Sodium Cover Gas System (C66) 

- Fufl Storage And Handling System (D60) 

- Low Voltage System (H2) 

- Medium Voltage System (HI) 

MAIN COMPONENTS: 

- Pinions 

- Reducers 

- Motors 

- Instrumentation and control 

SAFETY CLASS 

1 

1 

1 

1 

COMPONENT WORKING ENVIRONMENT: The system components operate in nî  

trogen atmosphere. 
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B - ENGINEERING SAFETY FEATURES 

B60 - PRIMARY REACTOR CONTAINEMENT SYSTEM 

B61 - SECONDARY REACTOR CONTAINMENT SYSTEM 

B62 - SECONDARY SODIUM AND STEAM GENERATOR CONTAINE 

MENT SYSTEM 

B63 - FUEL HANDLING CONTAINMENT SYSTEM 

B64 - RADIOACTIVE GAS STORAGE CONTAINEMENT SYSTEM 

B65 - RESIDUAL HEAT REMOVAL SYSTEM 

B66 - ULTIMATE VESSEL COOLING SYSTEM 

B67 - EMERGENCY SODIUM SUPPLY SYSTEM 

B68 - PRESSURE RELIEF SYSTEM 

B69 - SODIUM-WATER SPLITTING SYSTEM 

B70 - SHIELD SYSTEM 
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360 - REACTOR PRIMARY CONTAINMENT SYSTEM 

The reactor primary containment system is the third barrier against fis 

sion product release in the environment in case of hypothetical accident and 

yielding of the first two barriers. It consiste of a tank and a dome designed 

to withstand the mechanical energy delivered by the sodium-fuel interaction 

following the core melting in case of hypothetical accident. 

MAIN FUNCTIONS: 

During reactor normal operation: 

- Contain the nitrogen atmosphere constituting an inert barrier between the 

argon contained in the core vessel and the air contained in the reactor se 

condary containment (reactor building). 

- Contribute to operating staff protection against radiations. 

- Shield the core in case of external tody faults or fires. 

In case of internal accidents (sodium fire): 

- Prevent radioactive contamination of reactor secondary containment atmo

sphere . 

- Prevent radiological consequences on the operating staff. 

In case of hypothetical accident (sodium - fuel interaction): 

- Withstand mechanical energy shock. 

- Contain the interaction products. 

MODE OF OPERATION: Normal, Upset, Emergency, Faulted, Hypothetical ac 

cidents. 

SYSTEM PLACEMENT: The system components are contained in the reactor 

building. 

MAIN INTERFACE SYSTEMS: 

- Reactor Core System (A60) 

- Primary Sodium Core Cooling System (A61, A62) 

- Reactor Vessel Equipment (A67, A68) 

- Secondary Reactor Containment System (B61) 
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- Fuel Handling Containment System (B63) 

- Secondary Sodium and Steam Generator Containment System (B62) 

- Ultimate Vessel Cooling System (B66) 

- Main - Guard Vessel Nitrogen Loop <C65) 

- Primary Sodium Cover Gas System (C66) 

- Fuel Storage And Handling System (D60) 

MAIN COMPONENTS: SAFE1Y CLASS 

- Safety Tank 1 

- "tome 1 

- Steel Liner 1 

- Concrete Shields 1 

- Penetrations 1 

COMPONENT WORKING ENVIRONMENT : The system components work is con

trolled atmosphere. 
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B61 - REACTOR SECONDARY CONTAINMENT SYSTEM 

The system consists of the reactor containment building, a cylindrical 

steel pressure vessel withreinforced concrete cells thi t house the core, its 

primary cooling system and supporting systems , and the reactor primary 

containment. It provides the fourth and last barrier against the consequen

ces of unexpected and unforseen accidents: the building, together with its 

containment isolation system, is designed so as to limit the release of radio

nuclides in case of hypothetical accident. During normal operation its atmo

sphere (air) is maintained at slight depression with respect to the external 

atmosphere. 

MAIN FUNCTIONS: 

- During the normal reactor operation, it shields the core and its cooling 

from external body faults and fires. 

- In case of accidents with radioactive release in its atmosphere, it preven 

t s or limits the release in the environment. 

- In case of hypothetical accident it also operates as a thermal shield aga

inst the heat and radiation produced inside. 

MODE OF OPERATION: Normal, Upset , Emergency, Faulted, Hypothetical ac 

cidents. 

SYSTEM PLACEMENT: 

MAIN INTERFACE SYSTEMS: 

- Reactor Core System (A60) 

- Primary Sodium Core Cooling System (A61, A62) 

- Reactor Vessel Equipment (A67, A68) 

- Primary Reactor Containment (B61) 

- Fuel Handling Containment System (B63) 

- Secondary Sodium and Steam Generator Containment System (B62) 

- Primary Sodium Cover Gas System (C66) 

- Fuel Storage and Handling System (D60) 
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MAIN COMPONENTS 

- Reactor building 

- Concrete cells 

- Penetrations 

COMPONENT WORKING ENVIRONMENT: 

SAFETY CLASS 

1 

1 

1 

The system components operate in 

air. 
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B62 - SECONDARY SODIUM STEAM GENERATOR CONTAINMENT SYSTEM 

This system is designed to withstand the pressure peaks and thermal 

energy delivered by eventual sodium - air or sodium - water interaction. It 

consists of a reinforced concrete building, totally isolated from the other plant 

buildings and containing: 

- Steam generator 

- Secondary sodium pipes 

- Secondary sodium auxiliary systems 

- Secondary sodium storage tanks 

- Sodium air heat exchangers 

These systems are supported by steel structures. 

There is a single isolated building for every steam generator. 

MAIN FUNCTIONS: 

- Support the secondary sodium system components. 

- Protect the secondary sodium system components from external accidents 

or body faults. 

- Contain and prevent the propagation of internal accidents (conventional 

fires, sodium fires, sodium-water interaction). 

MODE OF OPERATION: Normal, Upset, Emergency, Faulted. 

SYSTEM PLACEMENT: The system is adjacent to the reactor building but to 

tally separate and isolated. 

MAIN INTERFACE SYSTEMS: 

- Reactor primary Containment System (B60) 

- Secondary Reactor Containment System (B61) 

- Secondary Sodium Core Cooling System (A63, A64) 

- Steam Generator System (A66) 

- Secondary Sodium Auxiliary Systerrs(C68, C69, C70, C71, C72) 

- Main Steam System (FOl) 

- Main Condenser System (F04) 
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MAIN COMPONENTS SAFETY CLASS 

- Reinforced concrete structures 1/2 

- Penetrations 1/2 

- Liners 1/2 

COMPONENT WORKING ENVIRONMENT: The components are contained in an 

air atmosphere. 
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B63 - FUEL HANDLING CONTAINMENT SYSTEM 

The fuel handling containment system is a barrier designed to provent 

fission product release into the environment in case of accidents during nan 

dling or in the spent fuel pool cooling and cleanup system. It consists of a 

reinforced concrete structure containing the following main handling systems: 

- Sealed room for the fuel assembly transfer from reactor building to the 

handling building and viceversa. 

- Spent fuel pool. 

- Handling rooms. 

MAIN FUNCTIONS: 

- Prevent fission product release into the environment in case of accidents 

during the handling or in the spent fuel pool cooling and cleanup system. 

- Reduce radiation in occupied areas to acceptable dose rates. 

MODE OF OPERATION: Normal, Upset, Emergency, Faulted. 

SYSTEM PLACEMENT: The system is adjiacent to the reactor building but to 

tally separate and isolated. 

MAIN INTERFACE SYSTEMS: 

- Primary Reactor Containment System (B60) 

- Spent Fuel Pool Coding System (D61) 

- Sodium Spent Fuel Pool Auxiliary Systems (D62) 

MAIN COMPONENTS: SAFETY CLASS 

- Reinforced concrete structures 1 

- Penetrations 1 

COMPONENT WORKING ENVIRONMENT: The system components operate in ni 

trogen or air atmosphere. 
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B64 - RADIOACTIVE GAS STORAGE CONTAINMENT SYSTEM 

The radioactive gas storage containment system is a reinforced and in

side steel lined concrete building designed to withstand the pressure peaks 

resulting from gas storage tank breaking in order to prevent the radioacti

ve gas release in the environment. 

MAIN FUNCTIONS: 

- Prevent radioactive gas release in the environment. 

MODE OF OPERATION: Emergency, Faulted 

SYSTEM PLACEMENT: The system is adjacent to the radwaste building but 

totally separate and isolated. 

MAIN INTERFACE SYSTEMS: 

- Gaseous Radwaste System (E62) 

- Secondary Reactor Containment (B61) 

- Primary Reactor Containment (B60) 

MAIN COMPONENTS: 

- Steel liner 

- Penetration 

- Reinforced concrete structures 

- Safety valves 

SAFETY CLASS 

1/2 

1/2 

1 

1/2 

COMPONENT WORKING ENVIRONMENT: The system components operate in air 

atmosphere. 
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B65 - RESIDUAL HEAT REMOVAL SYSTEM 

The system consists of 4 independent loops; each loop has a sodium-

- sodium heat exchanger (plunging in the main vessel primary sodium), an 

electrical - magnetic pump and a sodium - air heat exchanger. The circula

ting sodium in every loop is not activated; it disperses the decay heat to 

the air by the sodium - air heat exchanger. 

In some small reactors, like Rapsodie, the decay heat is removed by 

the nitrogen circulating in the double envelope between the safety and se 

condary vessel< (see system C65) or by water criculatihg around the guard 

vessel (see system B66). 

MAIN FUNCTIONS: 

- Core decay heat removal in case of loss of electrical power for a long ti

me or of steam generator failure or loss. 

- Maintain the reactor in cold shut-down operating condition: during this 

operating condition th«* decay heat cannot be removed by the intermediate 

cooling system (A64) and by the steam generators. 

MODE OF OPERATION: Normal, Upset, Emergency. 

SYSTEM PLACEMENT: Reactor building, intermediate sodium building. 

MAIN INTERFACE SYSTEMS: 

- Reactor Core System (A60) 

- Primary Sodium Core Cooling System (A61, A62) 

- Secondary Sodium Core Cooling System (A63, A64) 

- Heat To Air Transfer System (A65) 

- Steam Generator System (A66) 

- Reactor Vessel Equipment (A67, A68) 

- Control Rod Drive System (A69) 

- Ultimate Vessel Cooling System (B66) 

- Emergency Sodium Supply System (B67) 

- Primary Sodium Auxiliary Systems (C60, C61, C62, C63, C64) 

- Primary Sodium Cover Gas System (C66) 
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- Reactor Protection System (L60) 

- Medium Voltage System (HI) 

- Low Voltage System (H2) 

MAIN COMPONENTS: 

- Sodium - sodium heat exchagers 

- Sodium - air heat exchangers 

- Pipings 

- Electrical - magnetic pumps 

- Fans 

- Motors 

- Valves 

- Instrumentation 

COMPONENT WORKING ENVIRONMENT: 

non - activated sodium. 

SAFETY CLASS 

The system components operate in 
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B66 - ULTIMATE VESSEL COOLING SYSTEM 

This system is designed to remove the heating power released by the 

following components: main vessel and its plug, safety vessel, concrete shi

elds, some auxiliary loop components (stock-up wells, argon blowers, e t c . ) ; 

it consists of two (or three) independent water, loops with two pumps for 

each one» The system removes the decay heat produced in the core in the 

following emergency or faulted conditions: 

- unavailability of the main core cooling loops; 

- hypothetical accident of core melting and sodium - fuel interaction. 

The system passes from normal to emergency operation automaticly wi

thout any manual action on valves or other components. 

MAIN FUNCTIONS: 

During normal reactor operation: 

- Remove the heating power released by the vessel equipment components and 

concrete shields. 

During emergency conditions: 

- Remove the decay heat produced by the core. 

During faulted conditions (hypothetical accident): 

- Remove the heat produced by the melted fuel. 

MODE OF OPERATION: Normal, Upset, Emergency, Faulted, Hypothetical ac

cidents. 

SYSTEM PLACEMENT: Reactor building. 

MAIN INTERFACE SYSTEMS: 

- Reactor Core System (A60) 

- Primary Sodium Core Cooling System (A61, A62) 

- Secondary Sodium Core Cooling System (A63, A64) 

- Reactor Vessel Equipment (A67, A68) 

- Control Rod Drive System (A69) 

- Residual Heat Removal System (B65) 

- Main - Guard Vessel Nitrogen Loop (C65) 

- Low Voltage System (H2) 

- Medium Voltage System (HI) 

- Reactor Protection System (L60) 
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MAIN COMPONENTS: 

- Pumps 

- Motors 

- Pipes 

- Valves 

- Heat - exchangers 

- Instrumentation 

COMPONENT WORKING ENVIRONMENT: 

ter. 

SAFETY CLASS 

The system components operate in wa 



5 
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B67 r- EMERGENCY SODIUM SUPPLY SYSTEM 

This system is designed to drive sodium into the main vessel , contai

ning the core, in case of sodium leak accident; the sodium, contained in a 

tank joined to the main vessel by a pipe, is moved by pressurizing the argcn 

in this tank. 

MAIN FUNCTIONS: 

- Drive the sodium into the main vessel in case of sodium leakeage accident; 

- Pressurize the helium on the sodium in the supply tank. 

MODE OF OPERATION:Upset, Emergency 

SYSTEM PLACEMENT: Reactor building 

MAIN INTERFACE SYSTEMS: 

- Reactor Core System (A60) 

- Primary Sodium Core Cooling System (A61, A62) 

- Primary Sodium Auxiliary System (C60, C61, C62, C63, C64) 

MAIN COMPONENTS: SAFETY CLASS 

- Tank 2 

- Pipes 2 

- Valves 2 

- Instrumentation 2 

COMPONENT WORKING ENVIRONMENT: The system components operate in so 

dium. 
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B68 - PRESSURE RELIEF SYSTEM 

The system is designed to limit the effects of a possible sodiu-n - wa

ter interaction generated by a sodium leak in the steam generator; the wa

ter - steam loop provides the possibility of vent to proper reservoir by re

lief and safety valves: when the pressure reaches values lower than fixed 

trips, cleaning by nitrogen is carried out. 

MAIN FUNCTIONS: 

- Limit the overpressure peaks generated by a sodium - water interaction h 

the steam generator. 

- In case of sodium - water interaction, it reduces the pressure in the stean 

generator below a fixed minimum value. 

- Allow the cleaning of the steam generator by nitrogen when the pressure 

is lower than a fixed minimum value. 

- Allow the feed of the steam generators by the aid pumps in case of elec

trical network breakaway. 

MODE OF OPERATION: Normal, Emergency. 

SYSTEM PLACEMENT: Steam generator building. 

MAIN INTERFACE SYSTEMS: 

- Steam Generator (A66) 

- Secondary Sodium Core Cooling System (.A64) 

- Main Steam System (F01) 

- Reactor Protection System (L60) 

- Reactor Power Control System (L62) 

- Residual Heat Removal System (B65) 

- Condensate And Feedwater System (F08) 

- Main Condenser System (F04) 

- Medium Voltage System (HOI) 
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MAIN COMPONENTS: SAFETY CLASS 

- Relief valves 2 

- Safety valves 2 

- Discharge pipes 2 

- Tanks 2 

- Instrumentation 2 

- Cables 2 

COMPONENT WORKING ENVIRONMENT: The system components operate in 

steam or water - steam. 
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FIG. B7 

PRESSURE RELIEF SYSTEM 
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. B69 - SODIUM - WATER SPLITTING SYSTEM 

In case of sodium - water interaction following a sodhm leak, the split^ 

ting system collects the reaction products: the overpressure peaks cause the 

breakage of safety steel diaphragus assembled on the steam generator. The 

reaction products run out of the diaphragms and are transported by pipes 

and pumps to a tank in which they are centrifuged. The sodium and the pro 

ducedoxides are stocked up in the bottom of the tank; the gaseous produ 

cts are discharged to the atmosphere by a stack. 

MAIN FUNCTIONS: 

- Allow the discharge of sodium - water interaction products. 

- Allow the cer.trifugation of these products. 

- Stock up the solid and liquid products. 

- Discharge to the atmosphere the interaction gaseous products. 

MODE OF OPERATION: Upset, Emergency. 

SYSTEM PLACEMENT: Steam generator building. 

MAIN INTERFACE SYSTEMS: 

- Secondary Sodium Core Cooling System (A64) 

- Primary Sodium Core Cooling System (A62) 

- Steam Generator System (A66) 

- Residual Heat Removal System (B65) 

- Main Steam System (Fl) 

- Main Condenser System (F4) 

- Condensate and Feedwater System (F8) 

- Medium Voltage System (HI) 

- Low Vorage System (H2) 

H 
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MAIN COMPONENTS: 

- Tanks 

- Pumps 

- Valves 

- Piping 

- Instrumentation 

COMPONENT WORKING ENVIRONMENT: 

mixture of sodium - water products. 

SAFETY CLASS 

2 

2 

2 

2 

2 

The system components operate in a 
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B70 - SHIELD SYSTEM 

The shield system consists of the reinforced concrete shields which sur

round the main vessel containing the reactor core. 

The shields are designed to assure the biological protection in the ro

oms around the main vessel and to warrant the accessibility in these rooms. 

MAIN FUNCTIONS: 

- Assure the biological protection. 

- Warrant the accessibility in the rooms surrounding the main vessel. 

- Support the reactor vessel. 

MODE OF OPERATION: Normal, Upset, Emergency, Faulted. 

SYSTEM PLACEMENT: Reactor building. 

MAIN INTERFACE SYSTEMS: 

- Reactor Core System (A60) 

- Primary Sodium Core Cooling System (A61, A62) 

- Reactor Vessel Equipment (A67, A68) 

- Reactor Primary Containment System (B60) 

- Ultimate Vessel Cooling System (B66) 

- Primary Sodium Auxiliary System (C60, C61, C62, C63, C64) 

- Primary Sodium Cover Gas System (C66) 

- Nitrogen Reactor Shield Cooling System (C77) 

- Secondary Reactor Shield Cooling System (C78) 

MAIN COMPONENTS: SAFETY CLASS 

- Reinforced concrete shield 1 

- Steel Liners 1 

- Penetrations 1 

COMPONENT WORKING ENVIRONMET: The system components operate in air 

maintained at constant temperature. 
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C - REACTOR AUXILIARY SYSTEMS 

C l l - RADWASTE COOLING WATER SYSTEM 

C12 - SAFETY EQUIPMENT COMPRESSED AIR SYSTEM 

C15 - NUCLEAR SYSTEM BUILDING SERVICING EQUIPMENT 

C60 - PRIMARY SODIUM PURIFICATION SYSTEM 

C61 - PRIMARY SODIUM PURITY CHECK SYSTEM 

C62 - PRIMARY SODIUM DRAINING SYSTEM 

C63 - PRIMARY SODIUM MAKE-UP AND LEVEL CONTROL SY 

STEM 

C64 - PRIMARY SODIUM PREHEATING SYSTEM 

C65 - MAIN REACTOR VESSEL - GUARD VESSEL NITROGEN 

LOOP 

r . J - PRIMARY SODIUM COVER GAS SYSTEM 

C67 - PRIMARY SODIUM COVER GAS PURIFICATION SYSTEM 

C68 - SECONDARY SODIUM PURIFICATION SYSTEM 

C69 - SECONDARY SODIUM PURITY CHECK SYSTEM 

C70 - SECONDARY SODIUM PREHEATING SYSTEM 

C71 - SECONDARY SODIUM DRAINING AND FILLING SYSTEM 

C72 - SECONDARY SODIUM COVER GAS SYSTEM 

C73 - REFUELING PLUG GAS INJECTION SYSTEM 

C74 - MAIN-GUARD VEoSEL NITROGEN SYSTEM COOLING LOOP 

C75 - ORGANIG LIQUID LOOP 

C76 - NITROGEN LOOP COOLING PRIMARY AND SECONDARY 

SODIUM COLD TRAPS 

C77 - NITROGEN REACTOR SHIELD COOLING LOOP 

C78 - SECONDARY REACTOR SHIELD COOLING LOOP 

C79 - SODIUM DRAWING AND CONVEYING SYSTEM OF THE DELA 

YED NEUTRON DETECTION SYSTEM 

C80 - GAS DRAWING AND COVEYING SYSTEM OF THE GASEOUS 

FISSION PRODUCT DETECTION SYSTEM 
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C81 - PRIMARY COVER GAS ANALYSIS SYSTEM 

C82 - STEAM GENERATOR SODIUM DRAWER SYSTEM 

C83 - FRESH SODIUM TRANSFER AND RECEIVING SYSTEM 

C84 - SODIUM STORAGE AND DISTRIBUTION SYSTEM 

C85 - ARGON STORAGE AND DISTRIBUTION SYSTEM 

C86 - HELIUM STORAGE AND DISTRIBUTION SYSTEM 

C87 - NITROGEN STORAGE AND DISTRIBUTION SYSTEM 

C89 - NUCLEAR FIRE PROTECTION SYSTEM 
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C60 - PRIMARY SODIUM PURIFICATION SYSTEM 

This system maintains oxide concentrations below a fixed maximum va

lue in all primary sodium systems. The sodium purification is carried out by 

exploiting the oxide solubility reduction with temperature decrease. The cold 

traps, designed to retain the oxides, are preceded by heat-ex ehangers to 

cool the sodium; the traps are cooled by a nitrogen (or organic liquid) loop. 

The continuous sodium purification must avoid plug generation in fuel 

assemblies, heat -exchanger tube nests, etc. 

MAIN FUNCTIONS: 

- Cool primary sodium before its entry in the cold traps. 

- Retain sodium oxides and impurities by the cold traps. 

- Maintain oxide concentration in the primary sodium below a fixed value. 

MODE OF OPERATION: Normal, Upset, Emergency 

SYSTEM PLACEMENT: Reactor building. 

MAIN INTERFACE SYSTEMS: 

- Reactor Core System (A60) 

- Primary Sodium Core Cooling System (A61, A62) 

- Primary Sodium Purity Check System (C81) 

- Organic Liquid Loop (C75) 

- Nitrogen Loop Cooling Primary and Secondary Cold Traps (C76) 

- Primary Sodium Preheating System (C64) 

- Primary Sodium Cover Gas System (C66) 

- Sodium Drawing And Conveying System Of The Delayed Neutron Detection 

System (C79) 

- Low Voltage System (H2) 

- Medium Voltage System (HI) 
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MAIN COMPONENTS: SAFETY CLASS 

- Electromagnetic pumps 1/2 

- Tanks 2 

- Filters 2 

- Cold traps 1/2 

- Heat exchangers 2 

- Valves 2 

- Tubes 2 

- Instrumentation 1 

COMPONENT WORKING ENVIRONMENT: The system components operate in ac 

tivated primary sodium. 
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C61 - PRIMARY SODIUM PURITY CHECK SYSTEM 

The system is designed to continually measure and desplay the primary 

sodium purity degree. It measures the sodium flow at low fixed temperature 

through a hole. The hole dimensions and, consequently, the sodium flow de

crease if there is an oxide deposit. It follws that flow decrease measures the 

oxide concentration in the sodium. The system includes a heat exchanger, 

thermocouples for sodium temperature detection and flowmeters. In order to 

cool the sodium to the check temperature, a cooling loo, (branch of the cold 

trap cooling system) is provided. 

MAIN FUNCTIONS: 

- Cool primary sodium. 

- Continually measure and desplay sodium temperature and flow. 

- Control the primary sodium purity through the above mentioned measures. 

MODE OF OPERATION: Normal, Upset, Emergency. 

SYSTEM PLACEMENT: Reactor building. 

MAIN INTERFACE SYSTEMS: 

- Reactor Core System (A60) 

- Primary Sodium Core Cooling Loop (A61, A62) 

- I !mary Sodium Purification System (C60) 

- Primary Sodium Preheating System (C64) 

- Primary Sodium Cover Gas System (C66) 

- Primary Sodium Make-up System (C63) 

- Primary and Secondary Sodium Purity Check Temperature Control System 

(L66) 
- Alarm System (161) 
- Reactor Protection System (L60) 
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MAIN COMPONENTS: SAFETY CLASS 

- Tanks 1/2 

- Filters 1/2 

- Heat exchangers 1/2 

- Valves 1/2 

- Pipes 1/2 

- Thermocouples 1/2 

- Flowmeters 1/2 

COMPONENTS WORKING ENVIRONMENT: the system components operate in 

primary activated sodium. 
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C62 - PRIMARY SODIUM DRAINING SYSTEM 

The system is designed to void the primary cooling loop in exeptional 

conditions; it includes main piping, safety valves and a storage tank. 

MAIN FUNCTIONS: 

- Void the primary cooling system in exceptional conditions. 

MODE OF OPERATION: Exceptional conditions. 

SYSTEM PLACEMENT: Reactor building. 

MAIN INTERFACE SYSTEMS: 

- Reactor Core System (A60) 

- Priamry Sodium Core Cooling System (A61, A62) 

- Reactor Vessel Equipment (A67, A68) 

- Primary Sodium Cover Gas System (C66) 

- Primary Sodium Purification System (CfO) 

- Primary Sodium Purity Check System (061) 

- Primary Sodium Make-Up System (C63) 

- Primary Sodium Preheating System (C64) 

MAIN COMPONENTS: SAFETY CLASS 

- Tank 1/2 

- Valves 1/2 

- Pipings 1/2 

- Instrumentation 1/2 

COMPONENT WORKING ENVIRONMENT: The system components operate in ac 

tivated sodium. 
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C63 - PRYMARY SODIUM MAKE-UP AND LEVEL CONTROL SYSTEM 

Primary sodium level in the reactor vessel is maintained by continuous 

feed and bleed from the vessel through the sodium receving and processing 

system. Sodium bleed through the overflow line in the vessel maintains level 

at the overflow point. The continuous make-up rate maintains normal opera

ting level for normal operating temperature changes. The system consists of 

pipes which are connected to the purification and draining systems. 

MAIN FUNCTIONS: 

- Maintain a constant sodium level in the reactor vessel during the normal 

reactor operation. 

- Fill with sodium the primary coolant system in exceptional reactor opera

ting conditions. 

- Vary the sodium level in the reactor vessel in order to carry out special 

inspections. 

MODE OF OPERATION; Normal, Upset, Emergency. 

SYSTEM PLACEMENT: Reactor building. 

MAIN INTERFACE SYSTEMS: 

- Reactor Core System (A60) 

- Primary Sodium Core Cooling System (A61, A62) 

- Primary Sodium Core Purification System (C60) 

- Primary Sodium Purity Check System (C61) 

- Primary Sodium Draining System (C62) 

- Primary Sodium Preheating System (C64) 

- Primary Sodium Cover Gas System (C66) 

- Primary Sodium Drawing And Conveying System Of The Delayed Neutron 

Detection System (C79) 

- Medium Voltage System (HI) 

- Low Voltage System (H2) 
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MAIN CONPONENTS: SAFETY CLASS 

- Tanks 2 

- Valves 2 

- Piping 2 

- Instrumentation 2 

- Pipes 2 

COMPONENT WORKING ENVIRONMENT: The system components operate in 

activated sodium. 
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C64 - PRIMARY SOLIUM PREHEATING SYSTEM 

In order to avoid sodium plugs of solid deposits, primary coolant sy

stem pipes and components may be heated. To carry out this function, eie 

ctrical resistance heaters are normally used. In loop reactors, the prima

ry coolant system main pipes and the reactor vessel are preheated during 

standby operations by the double envelope nitrogen loop (C65) located in 

the anular space between the main vessel and the guard vessel. 

MAIN FUNCTIONS: 

- Heat the primary sodium coolant system components. 

- Limit and compensate for heat leaks during standby operations. 

MODE OF OPERATION: Normal, Upset, Emergency. 

SYSTEM PLACEMENT: Reactor building. 

MAIN INTERFACE SYSTEMS: 

- Reactor Core System (A60) 

- Primary Sodium Reactor Cooling System (A61, A62) 

- Reactor Vessel Equipment (A67, A68) 

- Reactor Primary Containment System (B60) 

- Residual Heat Removal System (B65) 

- Main - Guard Reactor Vessel Nitrogen Loop (C65) 

- Primary Sodium Purification System (C60) 

- Primary Sodium Purity Control System (C61) 

- Primary Sodium Draining System (C62) 

- Primary Sodium Make-Up And Level Control System (C63) 

- Primary Sodium Cover Gas System (C66) 

- Primary Sodium Drawing And Conveying System Of DND (C79) 

- Low Voltage System (H2) 

- Medium Voltage System (HI) 
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MAIN COMPONENTS; SAFETY CLASS 

- Wire - wound resistors 2/3 

- Instrumentation 2/3 

- Electrical resistence heaters 2/3 

COMPONENT WORKING ENVIRONMENT:: The system components operate in 

an inert (nitrogen) atmosphere or sodium (electrical resistence heaters). 



120 

C65 V MAIN R5ACTOR VESSEL - GUARD VESSEL NITROGEN LOOP 

The free annular space between the main reactor vessel and the guard 

vessel (A67) is normally filled with nitrogen (gas) . This inert atmosphere pro 

vides the best preservation of the metallic surfaces and a safety device aga

inst sodium leaks. In loop reactors there are also guard pipes around all the 

entire main coolant system (A61) and all the annular space is .illed with ni

trogen. In this en se the nitrogen loop, connected to pipes, blowers, etc.al_ 

so operates as preheating system of the primary sodium and, in the exceptio 

nal condition of primary coolant system unavailability, as residual heat remo

val system (B65). 

MAIN FUNCTIONS: 

- Provide the best conservation of exterior vessel surface. 

- Prevent sodium fires in the case of sodium leaks from the main vessel. 

- Maintain a constant pressure around the main vessel. 

- Allow the reactor vessel equipment isolation in the case of hypothetical ac 

cident (core melting and sodium - fuel interaction). 

- In loop reactors: primary sodium preheating. 

- In loop reactors and in the case of total h^s of the primary coolant sy

stem (exceptional condition): remove the residual heat produced in the co 

re . 

MODE OF OPERATION: Normal, Upset, Emergency, Faulted, Hypothetical ac

cident . 

SYSTEM PLACEMENT: Reactor building. 

MAIN INTERFACE SYSTEMS: 

- Reactor Core System (A60) 

• Primary Sodium Reactor Cooling System (A61, A62) 

• Reactor Vessel equipment (A67, A68) 

- Reactor Primary Containment System (B60) 

- Primary Sodium Cover Gas System (C66) 
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- Main - Guard Vessel Nitrogen System Cooling Loop (C74) 

- Medium Voltage System (Hi) 

- Low Voltage System (H2) 

MAIN COMPONENTS: 

- Pipes 

- Blowers 

- Heat-exchanger 

- Valves 

- Instrumentation 
- Filters 
COMPONENT WORKING ENVIRONMENT: the 

SAFETY CLASS 

1/2 

1/2 

1/2 

1/2 

1/2 

system components operate in 

nitrogen gas. 
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C66 - PRIMARY SODIUM COVER GAS SYSTEM 

Primary sodium cover gas system is an argon gas loop designed to 

maintain a gas layer at constant pressure on the sodium tanks (reactor ves

sel, sodium storage tank, etc.) and other components (pumps, heat exchan

gers, etc.) of the primary sodium coolant system (A61, A62). 

The system consists of gas pipes, valves, blowers, vapour traps, etc. 

MAIN FUNCTIONS: 

- Maintain an argon gas layer on the sodium in the main components and Lii 

ks of the primary sodium cooling system. 

- Maintain argon layer pressure around constant values. 

- Maintain uniform temperature distribution on the components involved. 

- Prevent the aerosol go-up to component plugs. 

- Prevent the sodium contact with plugs. 

- Prevent sodium contamination by air. 

- Control and adjust the argon pressure. 

- Pressurize the cover gas in order to avoid or to vary the level of prima

ry sodium in exceptional conditions. 

MODE OF OPERATION: Normal, Upset, Emergency 

SYSTEM PLACEMENT: Reactor building 

MAIN INTERFACE SYSTEMS: 

- Reactor Core System (A60) 

- Primary Sodium Core Cooling System (A61, A62) 

- Secondary Sodium Core Cooling System (A63, A64) 

- Reactor Vessel Equipment (A67, A68) 

- Residual Heat Removal System (B65) 

- Emergency Primary Sodium Supply System (B67) 

- Primary Sodium Purification System (C60) 

- Primary Sodium Draining System (C62) 
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- Primary Sodium Make-Up and Level Control System (C63) 

- Primary Sodium Storage And Distribution System (C84) 

- Primary Sodium Preheating System (C64) 

- Primary Sodium Cover Gas Purification System (C67) 

- Primary Cover Gas Analysis System (C81) 

- Gas Drawing For Gas DND (C80) 

MAIN COMPONENTS: 

- Pipes 

- Valves 

- Blowers 

- Filters 

- Motors 

- Tanks 

- Instrumentation 

SAFETY CLASS 

1/2 

1/2 

1/2 

1/2 

1/2 

1/2 

1/2 

COMPONET WORKING ENVIRONMENT: The system components operate in ac

tivated argon gas. 
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C67 r PRIMARY SODIUM COVER GAS PURIFICATION SYSTEM 

This system purifies co*er gas (argon or helium). After purification 

the gas may be directly discharged to the external atmosphere or stocked in 

storage tanks for reutilization. 

The following main methods are applied to disactivate and to purify 

the cover gas: 

- Stock the gas in storage tanks for some days so that active products can 

be deposited. 

- The gas runs to a purification station which retains the fission gases . 

The system consists of pipes, valves, tanks, blowers, traps, filters, 

etc . ; the purification station makes use of "active coals" which occlude the 

fission gases . The active coals are contained in filters cooled by liquid nitro 

gen; the occluded gases are sent to the gaseous radiowaste building where 

are stored in suitable tanks for their decay before the discharge thrcugh the 

stack. 

MAIN FUNCTIONS: 

- Trasrort the gas to be purified to storage tanks or to the purification sta 

tion. 

- Maintain the gas in storage tanks so that the active products can be de

posited. 

- Occlude the fission gases by "active coals" and cool the active coals by 

liquid nitrogen. 

- Dischorge purified gas to the atmosphere or storage in order to reutilize 

it . 

MODE OF OPERATION: Normal, Upset, Emergency, Faulted. 

SYSTEM PLACEMENT: Auxiliary buildings. 
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MAIN INTERFACE SYSTEMS: 

- Reactor Core System (A60) 

- Primary Sodium Core Cooling System (A61, A62) 

- Primary Sodium Cover Gas System (C66) 

- Medium Voltage System (HI) 

- Low Voltage System (H2) 

MAIN COMPONENTS: SAFETY CLASS 

- Blowers 1/2 

- Motors 1/2 

- Filters 1/2 

- Traps 1/2 

- Active ~oal filters 1/2 

- Pipes 1/2 

- Valves 1/2 

- Instrumentation 1/2 

COMPONENT WORKING ENVIRONMENT: The system components operate in 

argon (or helium) activated gas. 
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C68 - SECONDARY SODIUM PURIFICATION SYSTEM 

This system maintains oxide concentrations below a fixed maximum va 

lue in all secondary sodium systems. The sodium purification is carried out 

by exploiting the oxide solubility reduction with temperature decrease. The 

cold traps designed to retain the oxides are preceded by heat-exchangers to 

cool the sodium; also the traps are cooled by a nitrogen (or organic liquid) 

loop. 

The continuous sodium purification must prevent plug generation in su 

eh components as sodium - sodium heat exchangers, sodium - air heatexchan 

gers, etc . 

Each secondary sodium loop has a distinct purification system. 

MAIN FUNCTIONS: 

- Cool secondary sodium before it enters in the cold traps. 

- Retain sodium oxides and impurities by the cold traps. 

- Maintain oxide concentration in the secondary sodium below a fixed value. 

MODE OF OPERATION: Normal, Upset, Emergency. 

SYSTEM PLACEMENT: Secondary sodium and steam generator building. 

MAIN INTERFACE SYSTEMS: 

- Secondary Sodium Core Cooling System (A63, A64) 

- Secondary Sodium Purity Check System (C69) 

- Secondary Sodium Preheating System (C70) 

- Secondary Sodium Draining And Filling System (C71) 

- Secondary Sodium Cover Gas System (C72) 

- Nitrogen Loop Cooling Primary And Secondary Sodium Cold Traps (C76) 

- Medium Voltage System (HI) 

- Low Voltage System (H2) 
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MAIN COMPONENTS: SAFETY CLASS 

- Electromagnetic pumps 2 

- Tanks 2 

- Filters 2 

- Cold traps 2 

- Heat exchangers 2 

- Valves 2 

- Tubes 2 

- Instrumentation 2 

COMPONENT WORKING ENVIRONMENT: The system components operate in 

non-activated secondary sodium. 
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FIG. C6 

SECONDARY SOD IUH PURIFICATION SYSTEM 
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C69 - SECONDARY SODIUM PURITY CHECK SYSTEM 

The system is designed to continually measure and display the secon 

dary sodium purity degree. It mesures the sodium flow at low fixed tempe

rature through a hole. The hole dimensions and, consequently, the sodium 

flow decrease if there is an oxide deposit. It follows that flow decrease mea 

sures the oxide concentration in the sodium. The system includes an heat ex 

changer, thermocouples for sodium temperature detection and flometers. • In 

order to cool the sodium to the check temperature, a cooling loop (branch of 

the cold trap cooling system) is provided. 

MAIN FUNCTIONS: 

- Cool secondary sodium 

- Continually measure and display sodium temperature and flow. 

- Control the secondary sodium purity by the above mentioned measures. 

MODE OF OPERATION: Normal, Upset, Emergency, Faulted. 

SYSTEM PLACEMENT: Secondary sodium and steam generator building. 

MAIN INTERFACE SYSTEMS: 

- Secondary Sodium Core Cooling System (A63, A64) 

- Secondary Sodium Purification System (C68) 

- Secondary Sodium Cover Gas System (C72) 

- Reactor Protection System (L60) 

- Primary And Secondary Sodium Purity Check Temperature Control System 

(L66) 

- Alarm System (161) 

MAIN COMPONENTS: SAFETY CLASS 

- Tanks 2 

- Filters 2 

- Heat exchangers 2 

- Valves 2 
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MAIN COMPONENTS: SAFETY CLASS 

- Pipes 2 

- Thermocouples 2 

- Flowmeters 2 

COMPONENT WORKING ENVIRONMENT: The system components operate in 

secondary non-activated sodium; 
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C70 - SECONDARY SODIUM PREHEATING SYSTEM 

In order to prevent sodium plugs of solid deposit, secondary coolant 

system pipes and conponents can be heated. To carry out this function wi

re - wound resistors (around the pipes) or electrical resistance heaters (plu 

nged in sodium tanks) are used. 

MAIN FUNCTIONS: 

- Heat secondary sodium up to fusion temperature. 

- Maintain sodium temperature over the fusion value during cold shut-down 

reactor operation. 

MODE OF OPERATION: Normal, Upset, Emergency 

SYSTEM PLACEMENT: Secondary sodium and steam generator building. 

MAIN INTERFACE SYSTEMS: 

- Secondary Sodium Core Cooling System (A63, A64) 

- Secondary Sodium And Heat Generator Containment (B67) 

- Secondary Sodium Purification System (C68) 

- Secondary Sodium Cover Gas System (C72) 

- Secondary Sodium Purification System (C68) 

- Secondary Sodium Draining And Filling System (C71) 

- Medium Voltage System (HI) 

MAIN COMPONENTS: SAFETY CLASS 

- Wire - wound resistors 2/3 

- Electrical resistance heaters 2/3 

- Instrumentation 2/3 

COMPONENT WORKING ENVIRONMENT: The system components operate in air. 
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C71 - SECONDARY SODIUM DRAINING AND FILLING SYSTEM 

The system consists of sodi im storage tanks, pipes, valves etc. and is 

designed to void one or more secondary sodium coolant systems in case of an 

important sodium leak. By a suitable overpressure of the sodium storage tank 

it also allows filling of one or more secondary coolant loops with sodium. 

MAIN FUNCTIONS: 

- Secondary coolant system voiding and filling. 

- Fast draining of a secondary coolant system in case of an important sodium 

leak. 

MODE OF OPERATION: Normal, Upset, Emergency, Faulted. 

SYSTEM PLACEMENT: Secondary sodium and steam generator building. 

MAIN INTERFACE SYSTEMS: 

- Secondary Sodium Reactor Cooling System (A63, A64) 

- Secondary Sodium Purification System (C68) 

- Secondary Sodium Preheating System (C70) 

- Secondary Sodium Cover Gas System (C72) 

- Secondary Sodium Leak Detection System (170) 

MAIN COMPONENTS: SAFETY CLASS 

- Tanks 2 

- Pipes 2 

- Filters 2 

- Valves 2 

- Instrumentation 2 

COMPONENT WORKING ENVIRONMENT: The system components operate in non 

- activated sodium. 
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C72 - SECONDARY SODIUM COVER GAS SYSTEM 

This system maintains an inert gas (argon) layer on secondary sodium 

coolant system components which have sodium plena (pumps, expansion tank, 

draining and storage tank, e tc . ) . The system distributes the gas and main

tains pressure around costant values. In particular the secondary compo

nents are supplied with argon gas to maintain a positive pressure differen

tial with respect to the primary coolant system in order to prevent leak of 

active primary sodium into the secondary sodium. 

The system consists of gas pipes, valves, blowers, vapour traps, etc. 

MAIN FUNCTIONS: 

- Maintain an argon gas layer on the sodium plena in the components and 

tanks of the secondary cooling system. 

- Maintain the argon layer pressure around costant values. 

- Maintain in the secondary sodium a positive pressure differential with re

spect to the primary system. 

- Maintain uniform temperature distribution on the components involved. 

- Prevent aerosol and sodium go-up and contact with plugs. 

- Pressurize the expansion tank argon in order to void the secondary loops 

in the case of leaks. 

- Pressurize the sodium storage tank in order to fill the secondary system 

with sodium. 

MODE OF OPERATION: Normal, Upset, Emergency, Faulted. 

SYSTEM PLACEMENT: Secondary sodium and steam generator building; gas 

building. 

MAIN INTERFACE SYSTEMS: 

- Secondary Sodium Core Cooling System (A63, A64) 

- Secondary Sodium Purification System (C68) 

- Residua] Heat Removal System (B65) 

- Secondary Sodium Draining System (C71) 
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- Secondary Sodium Preheating System (C70) 

- Argon Storage And Distribution System (C85) 

- Sodium Storage And Distribution System (C84) 

- Low Voltage System (H2) 

- Medium Voltage System (HI) 

MAIN COMPONENTS: SAFETY CLASS 

- Pipes 2/3 

- Valves 2/3 

- Blowers 2/3 

- Filters 2/3 

- Motors 2/3 

- Tanks 2/3 

- Instumentation 2/3 

COMPONENT WORKING ENVIRONMENT: The system components operate in 

non-activated argon gas. 
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C73 - REFUELING PLUG GAS INJECTION SYSTEM 

This system is designed to inject inert gas in the inflated seal joints 

located between the main vessel plug and the refueling plug during refueling 

operations. It prevents the going up of active gas in the inert atmosphere of 

the over-plug room during refueling. 

The system consists of pipes, valves, etc. 

MAIN FUNCTIONS: 

- Prevent active gas going-up from the main vessel to the over-plug room 

during refueling operations. 

MODE OF OPERATION: Normal, Upset. 

SYSTEM PLACEMENT: Reactor primary containment system. 

MAIN INTERFACE SYSTEMS: 

- Reactor Core System (A60) 

- Primary Sodium Core Cooling System (A61, A62) 

- Reactor Vessel Equipment (A67, A68) 

- Control Rod System (A69) 

- Refueling Plug Rotation System (A71) 

- Reactor Primary Containment System (B60) 

- Primary Sodium Cover Gas System (C66) 

- Fuel Storage And Handling System (D60) 

- Medium Voltage System (HI) 

- Low Voltage System (H2) 

MAIN COMPONENTS: SAFETY CLASS 

- Tanks 2 

- Blowers 2 

- Motors 2 

- Pipes 2 

- Valves 2 

- Instrumentation 2 

COMPONENT WORKING ENVIRONMET: The system components operate in ar

gon (helium) gas. 



141 

u^s 

co 
>-
co 

CTI <_3 

CD .—. 

CO 

to 
CD 

CC 



142 

C74 - MAIN - GUARD VESSEL NITROGEN SYSTEM COOLING LOOP 

In the reactors in which the main reactor vessel-guard vessel nitro

gen system (C65) also operates as residual heat removal system, the recei

ved heat is trasmitted to a cooling loop. The components of this loop opera 

te in a saturated hydrocarbon. The received heat is dispersed into the ex

ternal atmosphere (a i r ) . During the normal operation of the C65 system (se 

al and preheating) the nitrogen - hydrocarbon heat exchanger of the coo

ling loop is insulated. 

MAIN FUNCTIONS: 

- Cool the main -guard vessel notrogen system when it removes the decay 

heat produced in the core reactor. 

- Disperse the received heat into the external air. 

MODE OF OPERATION: Upset, Emergency. 

SYSTEM PLACEMENT: Reactor building (the nitrogen-hydrocarbon exchan

ger is located inside the primary containment system). 

MAIN INTERFACE SYSTEMS: 

- Reactor Core System (A60) 

Primary Sodium Core Cooling System (A61, A62) 

- Secondary Sodium Core Cooling System (A63, A64) 

- Main reactor Vessel - Guard Vessel Nitrogen Loop (C65) 

- Medium Voltage System (HI) 

- Low Voltage System (H2) 

MAIN COMPONENTS: SAFETY CLASS 

- Heat exchangers 2 

- Pumps 2 

- Pipes 2 
- Valves 2 
- Tanks 2 

- Filters 2 

COMPONENT WORKING ENVIRONMENT: The system components operate in hy 

drocarbon fluid. 
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C75 - ORGANIC LIQUID LOOP 

This system is designed to cool or, in special cases, to preheat cer

tain reactor components such as the cold traps. The liquid utilized i s an or 

ganic one and has suitable physical properties. The system essentially con

sists in a general feed line (in which the cold organic liquid circulates), a 

return line containing hot organic liquid and an expansion tank. The recei^ 

ved heat is transmitted to the treated purified water loop by two heat ex

changers. The cover gas in the expansion tank is nitrogen. In the cold 

traps the organic liquid circulates in a coil system located around the annu 

lar space containing the purifying filters. 

MAIN FUNCTIONS: 

- Cool the primary sodium cold traps. 

- Cool the secondary sodium cold traps. 

- Cool the cold trap and the heat exchanger of the main cooling loop of the 

spent fuel pool. 

In some reactors the secondary sodium and spent fuel pool cold traps may be 

cooled by a nitrogen loop (C76). 

MODE OF OPERATION; Normal, Upset, Emergency 

SYSTEM PLACEMENT: Auxiliary buildings, Reactor building, Secondary so

dium and steam generator building. 

MAIN INTERFACE SYSTEMS: 

- Spent Fuel Pool Cooling System (D61) 

- Spent Fuel Sodium Purification (D62) 

- Primary Sodium Purification System (C60) 

- Primary Sodium Purity Check System (C61) 

- Secondary Sodium Purification System (C68) 

- Secondary Sodium Purity Check System (C69) 

- Medium Voltage System (HI) 

- Low Voltage (H2) 

- Treated Water Line (N64) 
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MAIN COMPONENTS: 

- Pipes 

- Valves 

- Tanks 

- Tumps 

- Heat exchangers 

SAFETY CLASS 

2 

2 

2 

2 

2 

COMPONENT WORKING ENVIRONMENT: The system components operate in 

organic liquid. 

wm 
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C76 - PRIMARY AND SECONDARY SODIUM COLD TRAP COOLING LOOP 

In some reactors this loop conveys pressurized nitrogen gas utilized 

to cool the cold traps that purify the primary and secondary sodium. The 

received heat is transmitted to the raw water-loop. The system consists of 

pipes to convey the nitrogen, blowers, valves, filters and heat exchangers. 

In the cold traps the nitrogen circulates in a coil system around the annu

lar space containing the purifying filters. 

MAIN FUNCTIONS: 

- Cool the primary sodium cold traps. 

- Cool the secondary sodium cold traps. 

- Cool the spent fuel pool cold trap. 

MODE OF OPERATION: Normal, Upset, Emergency 

SYSTEM PLACEMENT: Auxiliary buildings, Reactor building, secondary so

dium and steam generator building. 

MAIN INTERFACE SYSTEMS: 

- Primary Sodium Purification System (C60) 

- Secondary Sodium Purification System (C68) 

- Medium Voltage System (HI) 

- Low Voltage System (H2) 

- Row Water System (N61) 

MAIN COMPONENTS: SAFETY CLASS 

- Pipes 2 

- Valves 2 

- Blowers 2 

- Tanks 2 

- Heat exchangers 2 

- Filters 2 

COMPONENT WORKING ENVIRONMENT: The system components operate in nî  

trogen gas. 
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C77 - NITROGEN SHIELD COOLING SYSTEM 

This loop removes the heat trasmitted by the reactor core to the fol

lowing components: lower and lateral concrete shields, main vessel and rela

tive plugs. In some reactor this function is carried out during the normal 

reactor operation by the ultimate vessel cooling system (B66). The system is 

located around the concrete shields. It consists, besides the exchanging part 

around the shields, of pipes, valves, blowers and instrumentation. The cir

culating gas is nitrogen. The removed heat is trasmitted to a freon cooling 

loop (C78). 

MAIN FUNCTIONS: 

- Remove the heat trasmitted by the core to the shields and the vessel plu 

- Trasmit the removed heat to a freon loop. 

MODE OF OPERATION: Normal, Upset, Emergency, Faulted. 

SYSTEM PLACEMENT: Reactor building. 

MAIN INTERFACE SYSTEMS: 

- Reactor Core System (A60) 

- Primary Sodium Core Cooling System (A61, A62) 

- Reactor Vessel Equipment (A67, A68) 

- Primary Reactor Containment System (B60) 

- Shield System (B70) 

- Secondary Shield Cooling Loop (C78) 

- Medium Voltage System (HI) 

- Low Voltage System (H2) 

- Raw Water Loop (N61) 



ISO 

MAIN COMPONENTS; SAFETY CLASS 

- Pipes 2 

- Valves 2 

- Heat - exchangers 2 

- Blowers 2 

- Filters 2 

COMPONENT WORKING ENVIRONMENT: The system components operate in nî  

trogen gas. 
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C78 - SECONDARY SHIELD COOLING LOOP 

This system is an intermediate loop between the nitrogen shield coo

ling loop (C77) and raw water loop (N61); it removes the heat transmitted 

• by the reactor core to the shields and the main vessel plugs. The circula

ting fluid is freon. The system has all the apparatus necessary for the 

thermodynamic cycle of a fluid: blowers, evaporators, condensers, valves. 

MAIN FUNCTIONS; 

- Remove the heat transmitted by the nitrogen shield cooling loop (C77). 

- Transmit the received heat to the raw water loop. 

- Allow the operations of a fluid thermodynamic cycle. 

MODE OF OPERATION: Normal, Upset, Emergency, Faulted. 

SYSTEM PLACEMENT: Reactor building, auxiliary building. 

MAIN INTERFACE SYSTEMS: 

- Reactor Core System (A60) 

- Primary Sodium Core Cooling System (A61, A62) 

- Reactor Vessel Equipment (A67, A68) 

- Shield System (B70) 

- Shield nitrogen cooling system (C77) 

- Medium Voltage System (HI) 

- Low Voltage System (H2) 

- Raw Water Loop (N61). 

MAIN COMPONENTS: 

- Pipes 

- Heat exchangers 

- Blowers 

- Condensers 

- Evaporators 

- Valves 

- Instrumentation 

SAFETY CLASS 

2 

2 

2 

2 

2 

2 

2 

COMPONENT WORKING ENVIRONMENT: The system components operate in 
freon. 
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C79 - SODIUM DELAYED NEUTRON DRAWING AND CONVEYING SYSTEM 

This system conveys primary sodium drawn in the main vessel and in 

the sodium - sodium heat exchangers to the delayed neutron detectors. It con 

sists of draw pipes, conveyor pipes to the DND, tanks and pumps. In order 

to allow the locating of the failed pin issuing the delayed neutrons, a single 

pipe draws sodium from each core assembly. The drawn sodium in conveyed 

by a single pipe to a delayed neutron detector. 

The sodium returning from the DND instruments is conveyed to the ma 

in vessel by the make-up system (C63). 

Each sodium draw line includes a degassing apparatus which draws out 

gas present in the sodium and sends it to the C80 system. 

MAIN FUNCTIONS: 

- Convey the drawn sodium from the main vessel to the delayed neutron de 

tectors and from the DND to the main vessel. 

- Convey the drawn sodium from the single fuel assemblies to the relative 

DND. 

MODE OF OPERATION: Normal, Upset, Emergency. 

SYSTEM PLACEMENT: Reactor building. 

MAIN INTERFACE SYSTEMS: 

- Reactor Core System (A60) 

- Primary Sodium Core Cooling System (A61, A62) 

- Vessel Equipment System (A67, A68) 

- Reactor Primary Containment System (B60) 

- Primary Sodium Auxiliary Loops (C60, C61, C62, C63, C64) 

- Primary Sodium Cover Gas System (C66) 

- Medium Voltage System (HI) 

- Low Voltage System (H2) 

- Delayed Neutron Detection System (166) 
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MAIN COMPONENTS: SAFETY CLASS 

- Pipes 2 

- Valves 2 

- Electro-magnetic pumps 2 

- Instrumentation 2 

COMPONENT WORKING ENVIRONMENT: The system components operate in ac 

tivated sodium. 
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FIG. C15 

SODIUM DELAYED NEUTRON DRAWING 
AND CONVEYING SYSTEM 
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C80 - GAS DRAWING AND CONVEYING SYSTEM OF THE DELAYED NEUTRON 

DETECTION SYSTEM 

This system is designed to convey the cover gas (argon or helium) 

drawn from the main vessel or coming from the degassing apparatus of the 

DND system (C79) to the instruments (ionization chambers, etc.) which de

tect the presence of fission products in cover gas. It consists of pipes, val

ves, blowers and tanks. 

MAIN FUNCTIONS: 

- Convey drawn cover gas to the detecting instruments. 

MODE OF OPERATION: Normal, Upset, Emergency. 

SYSTEM PLACEMENT: Reactor building. 

MAIN INTERFACE SYSTEMS: 

- Reactor Core System (A60) 

- Primary Sodium Reactor Cooling System (A61, A62) 

- Reactor Vessel Equipment (A67, A68) 

- Primary Reactor Containment System (B60) 

- Primary Sodium Cover Gas System (C66) 

- Medium Voltage System (HI) 

- Low Voltage System (H2) 

- Detection System Of Fission Products In Gas (167) 

MAIN COMPONENTS: 

- Gas pipes 

- Valves 

- Blowers 

- Instrumentation 

SAFETY GLASS 

2 

2 

2 

2 

COMPONENT WORKING ENVIRONMENT: Reactor building. 
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C81 - PRIMARY COVER GAS ANALYSIS SYSTEM 

This system allows a continuous analysis and control of primary cover 

gas activity. The argon gas is drawn from the reactor vessel and trasported 

by blowers and pipes to the analysing instruments. The system includes va

pour traps, ion--chambers, gas analysis instruments. 

The gas is controlled to verify if it must be purified before discharge 

to the external atmosphere. 

MAIN FUNCTIONS: 

- Draw argon reactor vessel and to transport the gas to the analysis instru 

ments. 

- Measure and to display the cover fas activity. 

MODE OF OPERATION: Normal, Upset, Emergency. 

SYSTEM PLACEMENT: Auxiliary buildings. 

MAIN INTERFACE SYSTEMS: 

- Reactor Core System (A60) 

- Primary Sodium Core Cooling System (A61, A62) 

- Primary Sodium Cover Gas System (C66) 

- Medium Voltage System (HI) 

- Low Voltage System (H2) 

MAIN COMPONENTS 

- Pipes 

- Blowers 

- Filters 

- Traps 

- Motors 

- Valves 

- Instrumentation 

COMPONENT WORKING ENVIRONMENT: The system components operate in argon 

SAFETY CLASS 

1/2 

1/2 

1/2 

1/2 

1/2 

1/2 

1/2 
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C82 - STEAM GENERATOR SODIUM DRAWER SYSTEM 

This system is designed to draw secondary sodium from each steam ge

nerator. The drawn sodium is conveyed by pipes and pumps, to vacuum lo

ops which measure the gas concentration in sodium. The vacuum loops and 

the joint instrumentation are described in detail in the 168 system. 

After analysis, the drawn sodium is again conveyed to the secondary so 

dium core cooling loop. 

MAIN FUNCTIONS: 

- Draw sodium from the steam generators. 

- Convey the drawn sodium to the hydrogen detection system in secondary so 

dium. 

MAIN INTERFACE SYSTEMS: 

- Secondary Sodium Core Cooling System (A63, A64) 

- Steam Generator System (A66) 

- Medium Voltage System (HI) 

- Low Voltage System (H2) 

- Hydrogen Detection System In Secondary Sodium (168) 

MAIN COMPONENTS: SAFETY CLASS 

- Pipes 2 

- Pumps 2 

- Valves 2 

- Instrumentation 2 

COMPONENT WORKING ENVIRONMENT: The system components operate in so

dium. 
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C83 - FRESH SODIUM TRANSFER AND RECEIVING SYSTEM 

The fresh sodium transfer and receiving system filters, transfers from 

the tank cars and distributes fresh sodium to the following storage tanks: 

- Secondary sodium storage tank. 

- Primary sodium storage tank (which feeds the primary sodium core reactor 

cooling system by the make-up system and the spent fuel pool). 

Fresh sodium is received in tank cars and melted by circulating heated 

oil through channels and cars. The molten sodium is transferred through a 

heated unloading line and filter to the appropriate system. Only one subsy

stem is filled at any time. During the transfer operations, the sodium ispres 

surized by nitrogen. 

MAIN FUNCTIONS: 

- Melt the received sodium by circulating oil. 

- Transfer the melted sodium to the storage tanks. 

MODE OF OPERATION: Normal. 

SYSTEM PLACEMENT: Distinct building outside the main reactor building 
(Fresh sodium storage building) 

MAIN INTERFACE SYSTEMS: 

- Primary Sodium Core Reactor Coo'ing System (A61, A62) 

- Secondary Sodium Core Reactor Cooling System (A63, A64) 

- Primary Sodium Purification System (C60) 

- Primary Sodium Draining System (C62) 

- Primary Sodium Make-Up And Level Control System (C63) 

- Secondary Sodium Purification System (C68) 

- Secondary Sodium Draining System (C71) 

- Sodium Storage And Distribution System (C84) 

- Spent Fuel Cooling Pool (D61) 

- Medium Voltage System (HI) 

- Low Voltage System (H2) 
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MAIN COMPONENTS: SAFETY CLASS 

- Tanks 2/3 

- Electrical heatears 2/3 

- Oil pumps 2/3 

- Oil Valves 2/3 

- Oil pipes 2/3 

- Sodium pipes 2/3 

- Sodium valves 2/3 

- Instrumentation 2/3 

COMPONENT WORKING ENVIRONMENT: The system components operate in so

dium; the preheating oil loop components operate in oil. 

I M H 
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C84 - SODIUM STORAGE AND frlSTRIBUTION SYSTEM 

This system is designed to distribute the fresh sodium from the stora

ge tanks to the primary sodium core reactor cooling system, the secondary so 

dium core reactor cooling system and the spent fuel pool. The system also in 

eludes the lines provided for the draining of the above systems and the lines 

connecting the sodium storage tanks of the plant between themselves. 

The system comprises C62 and C71 systems. 
MAIN FUNCTIONS: 

- Fill the primary and secondary reactor core cooling loops, the joined sodium 

auxiliary loops and the spent fuel pool with sodium. 

- Void the secondary loops in emergency conditions (sodium-water interaction 

ect . ) . 

- Void the core vessel (where there is no core). 

- Void the core vessel to the fuel assembly head level in case of special fu

el handling operations. 

- Level control in secondary sodium auxiliary tank. 

MODE OF OPERATION: Normal, Upset, Emergency. 

SYSTEM PLACEMENT: Sodium storage building. 

MAIN INTERFACE SYSTEMS: 

- Primary Sodium Reactor Core Cooling System (A61, A62) 

- Secondary Sodium Reactor Core Cooling System (A63, A64) 

- Primary Sodium Purification System (C60) 

- Primary Sodium Draining System (C62) 

- Primary Sodium Make-Up And Level Control System (C63) 

- Primary Sodium Cover Gas System (C66) 

- Secondary Sodium Purification System (C68) 

- Secondary Sodium Draining System (C71) 

- Secondary Sodium Cover Gas System (C72) 

- Spent Fuel Cooling Pool (D61) 

- Medium Voltage System (HI) 

- Low Voltage System (H2) 
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MAIN COMPONENTS: SAFETY CLASS 

- Tanks 2 

- Pipes 2 

- Valves 2 

- Pumps 2 

- Instrumentation 2 

COMPONENT WORKING ENVIRONMENT: The system components operate in 

(activated or not activated) sodium. 
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C85 - ARGON STORAGE AND DISTRIBUTION SYSTEM 

Liquid argon is stored in dewars located outside the Containment Buil

ding; the argon distribution system is designed to feed the following systems 

that supply argon gas at regulated pressure to provide an inert cover forali 

sodium systems during all operating conditions: 

- Primary sodium cover gas system. 

- Secondary sodium cover gas system. 

- Spent fuel pool co\er gas system. 

The system consists of the apparatus to purify the argon and the lines 

and valves that distribute the gas. 

MAIN FUNCTIONS: 

- Store fresh argon. 

- Clean fuel handling and reactor component handling machines. 

- Feed fresh argon to the primary sodium cover gas system. 

- Feed fresh argon to the secondary sodium cover gas system. 

- Purify fresh argon. 

MODE OF OPERATION: Normal, Upset, Emergency. 

SYSTEM PLACEMENT: Fresh sodium storage building. 

MAIN INTERFACE SYSTEMS: 

- Primary Sodium Core Cooling System (A61, A62) 

- Secondary Sodium Core Cooling System (A63, A64) 

- Fuel Handling Equipment (D60) 

- Spent Fuel Pool Cover Gas System (D61) 

- Primary Sodium Cover Gas System (C66) 

- Seconday Sodium Cover Gas System (CT2) 

- Medium Voltage System (HI) 
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MAIN COMPONENTS: SAFETY CLASS 

- Blowers 2 

- Motors 2 

- Tanks 2 

- Filters 2 

- Pipes 2 

- Valves 2 

- Instrumentation 2 

COMPONENT WORKING ENVIRONMENT: The system components operate in ar
gon. 
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C86 - HELIUM STORAGE AND DISTRIBUTION SYSTEM 

In some fast reactors the cover gas i s helium and not argon. It follows 

that the same functions which in other case are carried out by argon, in this 

case are carried out by helium. 

The liquid helium is stored in dewars located outside the Containment 

Building; the helium distribution system is designed to feed with argon the 

following systems which supply helium at regulated pressure to provide an h 

ert cover gas for all sodium systems during all operating conditions: 

- Primary sodium cover gas system. 

- Secondary sodium cover gas system. 

- Spent fuel pool cover gas system. 

The system consists of the apparatus to purify the.argon and the lines and 

valves that distribute the gas. 

MAIN FUNCTIONS; 

- Store fresh argon. 

- Clean fuel handling and reactor component handling machines. 

- ' Feed fresh argon to the primary sodium cover gas system. 

- Feed fresh argon to the secondary sodium cover gas system. 

- Purify fresh argon. 

- Pressurize the helium on the sodium of the emergency supply -storage •• > 

system when requested for safety reasons. 

MODE OF OPERATION: Normal, Upset, Emergency. 

SYSTEM PLACEMENT: Fresh sodium storage building. 

MAIN INTERFACE SYSTEMS: 

- Primary Sodium Core Cooling System (A61, A62) 

- Secondary Sodium Core Cooling System (A63, A64) 

- Fuel handling equipment (D60) 

- Spent fuel pool cover gas system (D61) 

- Primary sodium cover gas system (C66) 
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- Secondary Sodium Cover Gas System (CT2) 

- Medium Voltage System (HI) 

MAIN COMPONENTS: SAFETY CLASS 

- Blowers 2 

- Motors 2 

- Tanks 2 

- Filters 2 

- Pipes 2 

- Valves 2 

- Instrumentation 2 

COMPONENT WORKING ENVIRONMENT: The system components operate lin 

helium. 
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C87 - NITROGEN STORAGE AND DISTRIBUTION SYSTEM 

Liquid nitrogen is stored for distribution in dewrars located outside the 

Containment Building. The Distribution System supplies nitrogen gas to the 

following reactor systems: 

- Inert gas atmosphere in cells containing primary sodium. 

- Main vessel - guard vessel nitrogen loop. 

- Neutron chamber cooling system. 

- Sodium transfer. 

- Organic liquid loop. 

- Cold trap cooling loop. 

- Various component and cleaning system. 

- Steam generator system. 

The system consists of the components (lines, valves, blowers, etc.) 

provided to distribute the gas. 

MAIN FUNCTIONS; 

- Supply the nitrogen to the above listed systems. 

- Pressurize sodium during the transfer operations. 

- Pressurize the organic liquid during the transfer operations. 

- Clean various plant components. 

MODE OF OPERATION: Normal, Upset, Emergency. 

SYSTEM PLACEMENT: Fresh sodium storage building. 

MAIN INTERFACE SYSTEMS: 

- Steam Generator System (A66) 

- Main - Guard Vessel Nitrogen Loop (C65) 

- Main - Guard Vessel Nitrogen System Cooling Loop (C74) 

- Organic Liquid Loop (C75) 

- Primary And Secondary Sodium Cold Trap Cooling Loop (C76) 

- Nitrogen Shield Cooling System C77) 

- Fresh Sodium Transfer And Receiving System (C83) 
- Low Voltage System (112) 

- Medium Voltage System (HI) 
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MAIN COMPONENTS: SAFETY CLASS 

- Bk <ers 2 

- Dewars 2 

- Filters 2 

- Pipes 2 

- Valves 2 

- Instrumentation 2 

COMPONENT WORKING ENVIRONMENT: The system components operate in ni

trogen . 
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C88 - SODIUM AND NUCLEAR FIRE PROTECTION SYSTEM 

The system consists in the devices provided to rapidly detect and ex

tinguish sodium or electrical fires which may be generated in the reactor plant 

buildings. 

The detection system consists of sodium leak detectors and smoke detec 

tors. 

In order to estinguish the fires, the system is provided with automatic 

estinguishing units and manual estinguishing units, with the objective of minî  

mizing fire hazards and limiting consequences in the event of a fire in the nu 

clear system buildings. The system is comprised of the following lines and com 

ponents: 

- Water loops, pumps and yard fire hydrant systems, with automatic sprink

lers ; 

- Portable estinguishers and CO estinguishers ; 
ù 

- Dust estinguishers for sodium fires; 

- Dry-chemical estinguishers; 

- Smoke extractors. 

MAIN FUNCTIONS: 

- Rapidly detect fires 

- Estinguish fires as soon as possible. 

MODE OF OPERATION: Normal, Upset, Emergency, Faulted. 

SYSTEM PLACEMENT: All reactor buildings. 

MAIN INTERFACE SYSTEMS: 

- Many Reactor Buildings And Systems. 

MAIN COMPONENTS: SAFETY CLASS 

- Pumps 3 

- Motors 3 
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- Pipings 3 

- Valves 3 

- Estinguishers (CO , dry-chemical) 3 

- Sprinklers 3 

- Instrumentation and control 3 

- Cables 3 

COMPONENT WORKING ENVIRONMENT: Air, conditioned air, nitrogen. 
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D - FUEL STORAGE AND HANDLING SYSTEM 

D60 - FUEL STORAGE AND HANDLING SYSTEM 

D61 - SPENT FUEL POOL COOLING SYSTEM 

D62 - SPENT FUEL SODIUM POOL AUXILIARY SYSTEMS 

(SODIUM MAKE-UP AND LEVEL CONTROL, SODIUM PU 

RIF1CATION) 

D63 - SPENT FUEL POOL COVER GAS SYSTEM 

D64 r IRRADIATED FUEL CASK SODIUM FILLING SYSTEM 

D65 - FUEL HANDLING EQUIPMENT ARGON SYSTEM 

D66 - REACTOR COMPONENT HANDLING SYSTEM 

• • • • • • • • • • • i i 



180 

D60 - FUEL STORAGE AND HANDLING EQU1PEMENT 

The fuel storage and handling equipment includes all the machines em

ployed to transfer non irradiated fuel assemblies from their normal storage to 

the core and irradiated fuel assemblies from the core to the spent fuel pool. 

These machines are: 

- In vessel handling machines; they are one or more machines designed to 

transport core components under sodium to and from the core, in-vessel 

storage positions and in vessel transfer station. 

- Core component transfer cask: they are casks which contain the fuel assent 

blies during their transfer. 

- Ex-vessel machines: they are cooled, shielded, grapple-hoist machines, mo 

unted on a trolley-gantry fuel handling transporter, designed to transfer 

core components to and from the core. 

MAIN FUNCTIONS: 

- Transport core components under sodium to and from the core, in-vessel 

storage positions and in vessel transfer station. 

- Grapple and release fuel assemblies. 

- Fuel assembly rotation. 

- Transfer non-irradiated fuel from storing area to the in vessel han

dling machine. 

- Transfer irradiated fuel from in vessel handling machine to spent fuel pooL 

MODE OF OPERATION: Normal, Upset, Emergency. 

SYSTEM PLACEMENT: The handling machines operate in the reactor building 

and in the handling building. 

MAIN INTERFACE SYSTEMS: 

- Reactor Core System (A60) 

- Primary Coolant System (A61, A62) 

- Reactor Vessel Equipment (A67, A68) 
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- Refueling Plug Rotation System (A71) 

- Primary Reactor Containment (B60) 

- Fuel Handling Containment System (B63) 

- Low Voltage System (H2) 

- Medium Voltage System (HI) 

MAIN COMPONENTS: SAFETY CLASS 

- Grippers 2 

- Gripper drive mechanism 2 

- Rotation mechanism 2 

- Valves 2 

- Instrumentation 2 

- Sealed transfer room 

COMPONENT WORKING ENVIRONMENT: The system components operate in an 

inert (nitrogen) atmosphere. 
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D61 - SPENT FUELSCDIUM POOL COOLING SYSTEM 

The spent fuel pool cooling system is designed to remove the decay po 

wer produced by the irradiated fuel assemblies stored in the pool. The sy

stem consists in two independent loops; each transfers the heat to an air lo

op. 

MAIN FUNCTIONS: 

- Remove the decay heat produced by the irradiated fuel assemblies stored 

in the tank. 

- Maintain the sodium mean temperature ."round 200°C also in the case the 

power produced by fuel assemblies is null. 

MODE OF OPERATION: Normal, Upset, Emergency. 

SYSTEM PLACEMENT: Fuel handling building. 

MAIN INTERFACE SYSTEMS: 

- Sodium Storage And Distribution System (C84) 

- Argon Storage Distribution System (C85) 

- Fuel Storage And Handling equipment (D60) 

- Spent Fuel Pool Auxiliary Loops (D62) 

- Spent Fuel Pool Cover Gas System (D64) 

- Low Voltage System (H2) 

- Medium Voltage System (HI) 

- Fuel Handling Building (061) 

MAIN COMPONENTS: 

- Sodium tank 

- Sodium - air heat exchanger 

- Electrical preheating wire - windings 

- Expansion tank 

- Electro - magnetical pump 

SAFETY CLASS 

2 

2 

2 

2 

2 
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MAIN COMPONENTS: SAFETY CLASS 

- Tanks 2 

- Electro - magnetic pump 2 

- Pipings 2 

- Valves 2 

- Heat exchangers 2 

- Sodium cleaning traps 2 

- Instrumentation 2 

COMPONENT WORKING ENVIRONMENT: The components operate in sodium. 
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D62 - SPENT FUEL SODIUM POOL AUXILIARY SYSTEMS (SODIUM MAKE-UP 

AND LEVEL CONTROL, SODIUM PURIFICATION) 

This system is designed to maintain a constant level in the spent fuel 

sodium pool and a set sodium purity degree. It consists of pipes, valves, 

heat exchangers and sodium traps. 

MAIN FUNCTIONS: 

- Maintain a constant sodium level in the pool in order not to discover fuel 

assembly heads. 

- Maintain the sodium oxide quantity below an established degree in order 

to avoid plugs in the fuel assemblies. 

- Periodical cleaning of the pool. 

- Periodical cleaning by sodium of argon pipes. 

- Exeptional use of the sodium cleaning traps to clean primary coolant reac 

tor sodium. 

MODE OF OPERATION: Normal, Upset, Emergency. 

SYSTEM PLACEMENT: The system is in the handling building. 

MAIN INTERFACE SYSTEMS: 

- Primary Sodium Core Cooling Loop (A6l, A62) 

- Fuel Storage Handling Equipment (D60) 

- Spent Fuel Pool Cooling System (D61) 

- Spent Fuel Cover Gas System (D63) 

- Low Voltage System (H2) 

- Medium Voltage System (HI) 

- Fuel Handling Building (061) 
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- Piping 2 

- Valves 2 

- Instrumentation 2 

COMPONENT WORKING ENVIRONMENT: The system components operate in so 

dium. 
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D63 - SPENT FUEL POOL COVER GAS SYSTEM 

This system consists of a gas loop (pipes, valves, compressors, etc.) 

and is designed to maintain an argon layer on the spent fuel pool sodium and 

to control its pressure. 

MAIN FUNCTIONS: 

- Maintain an argon layer on the sodium in the tanks (main pool, expansion 

tank, etc.) of the spent fuel cooling loops. 

- Control the pressure of the cover gas layers on the sodium. 

- Pressurize the spent fuel sodium pool and the relative loops in order to 

empty them. 

- Clean handling machines by argon. 

MODE OF OPERATION: Normal, Upset, Emergency. 

SYSTEM PLACEMENT: The system is in the handling building. 

MAIN INTERFACE SYSTEMS: 

- Argon Storage And Distribution System (C85) 

- Fuel Storage And Handling Equipment (D60) 

- Spent Fuel Pool Cooling System (D61) 

- Spent Fuel Pool sodium Auxiliary Systems (D62) 

- Fuel Handling Building (061) 

MAIN COMPONENTS: SAFETY CLASS 

- Piping 2 

- Valves 2 

- Sodium vapour traps 2 

- Instrumentation 2 

COMPONENT WORKING ENVIRONMENT: The system components operate in ar 

gon. 
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D64 - IRRADIATED FUEL CASK SODIUM FILLING SYSTEM 

The system is designed to fill the casks with sodium for transport of 

irradiated assemblies from the main vessel to the spent fuel pool. It consi

sts of a sodium storage tank and of pipes with valves to fill the casks with 

sodium. When required the sodium is moved by pressurized gas. 

MAIN FUNCTIONS: 

- Fill the irradiated fuel transport casks with sodium. 

- Pressurize the sodium in the storage tank when cask sodium filling is re 

quired 

MODE OF OPERATION: Normal, Upset. 

SYSTEM PLACEMENT: Fuel handling building. 

MAIN INTERFACE SYSTEMS: 

- Reactor Core System (A60) 

- Primary Sodium Core Cooling System (A61, A62) 

- Reactor Vessel Equipment (A67, A68) 

- Refueling Plug Rotation System (A71) 

- Sodium Storage And Distribution System (C84) 

- Fuel Storage And Handling Equipment (D60) 

- Spent Fuel Fr»ol Cooling System (D61) 

- Spent Fuel Pool Sodium Auxiliary Systems (D62) 

- Fuel Handling Building (061) 

MAIN COMPONENTS: SAFETY CLASS 

- Pipes 2 

- Valves 2 

- Sodium storage tank 2 

- Instrumentation 2 

COMPONENT WORKING ENVIRONMENT: The system components operate in so 

dium; 
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D65 - FUEL HANDLING EQU1PEMENT ARGON SYSTEM 

This system helps to maintain the seal during the fuel handling in the 

seal room located between the reactor building and the handling building: by 

actioning proper valves the system isolates the seal room. The system is a 

branch of the main argon storage and distribution system (C85) . 

MAIN FUNCTIONS: 

- Help to maintain seal daring fuel handling operations. 

- Regulate argon pressure in the seal room. 

MODE OF OPERATION: Normal, Upset, Emergency. 

SYSTEM PLACEMENT: Fuel handling building. 

MAIN INTERFACE SYSTEMS: 

- Reactor Core System (A60) 

- Primary Sodium Core Cooling System (A61, A62) 

- Reactor Vessel Equipement (A67, A68) 

- Fuel Handling Equipement Containment (B63) 

- Primary Reactor Containment (B60) 

- Secondary Reactor Containment (B61) 

- Gas Storage And Distribution System (C85, C86) 

- Fuel Storage And Handling Equipement (D60) 

- Fuel Handling Building (061) 

MAIN COMPONENTS: SAFETY CLASS 

- Pipes 2 

- Safety valves 2 

- Instrumentation 2 
» 

COMPONENT WORKING ENVIRONMENT: The system components work in ar

gon gas. 
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D66 - REACTOR COMPONENTS HANDLING SYSTEM 

The system includes all the machines designed to handle (to remove 

from and to put in the reactor, core included) all the replaceable compo

nents. 

MAIN FUNCTIONS: 

- Remove and put in all replaceable components. 

- Store new or activated components. 

- Clean components which have operated in sodium, argon, etc. 

- Decontamination of irradiated components. 

- Withdrawal of old components. 

MODE OF OPERATION : Normal. 

SYSTEM PLACEMENT: Reactor building, Fuel handling building. 

MAIN INTERFACE SYSTEMS: 

- Reactor Core System (A60) 

- Primary Sodium Core Cooling System (A61, A62) 

- Reactor Vessel Equipment (A67, A 68) 

- Control Rod Drive Mechanism (A69, A70) 

- Refueling Plug Rotation Mechanism (A71) 

- Primary Reactor Containment (B60) 

- Secondary Reactor Containment (B61) 

- Fuel Handling Containment System (B63) 

- Fuel Storage And Handling Equipment (D60) 

- Medium Voltage System (HI) 

- Low Voltage System (H2) 

MAIN COMPONENTS: 

- Hooks 

- Grippers 

- Rotation mechanisms 

- Hook or gripper drive mechanisms 

SAFETY CLASS 

3 

3 

3 

3 
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- Valves 3 

- Seals 3 

- Winches 3 

- Winch drive mechanisms 3 

- Instrumentation 3 

COMPONENT WORKING ENVIRONMENT: The system components work in ar

gon, nitrogen or air atmosphere. 
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E - RADIOACTIVE WASTE MANAGEMENT SYSTEMS 

E5 - EQUIPMENT AND FLOOR DRAINAGE SYSTEM 

E6 - RECOVERED WATER STORAGE AND DISTRIBUTION SYSTEM 

E7 - STEAM GENERATOR BLOWDOWN SYSTEM 

E60 - LIQUID RADIOACTIVE WASTE SYSTEM 

E61 - SOLID RADIOACTIVE WASTE SYSTEM 

E62 - GASEOUb RADIOACTIVE WASTE SYSTEM 
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E60 - RADIOACTIVE LIQUID WASTE SYSTEM 

This system provides the equipment and facilities for collection, tran

sfer, and disposal of radioactive liquid waste resulting from operation and 

maintenance of the plant. Possible sources of radioactive liquid wastes are : 

drains from H and V condensation, central exhaust filter facility decontami

nation, personnel decontamination shower sinks and floor drains, access con 

trol lavatories, solid waste storage, maintenance cask washdown, etc. 

Radioactive liquid wastes are routed to waste receiving tanks. Each re 

ceiving tank is equipped with an agitator discharge or recirculating pump, 

temperature sensors, and tank level sensors. The tank are normally located 

in shielded rooms and are vented through water-cooled condensers. Low in

termediate level liquid waste is discharged to a tank car for transfer shield

ed cask to the disposal site. 

MAIN FUNCTIONS: 

- Drain radioactive liquid wastes to the appropriate receiving tanks located 

in the auxiliary equipment building and containment building. 

- Sample receiving tanks prior to discharging. 

- Add neutralizing agents to waste as required 

- Discharge combined intermediate low and intermediate level aqueous waste 

to a tank car. 

- Discharge high level aqueous waste to shielded casks. 

MODE OF OPERATION: Normal, Upset, Emergency 

SYS1EM PLACEMENT: Auxiliary equipment building 

MAIN INTERFACE SYSTEMS: 

- Radwagte Cooling Water System (CU) 

- Equipment And Floor Drainage System (E5) 

- Solid Radwaste System (E61) 

- Gaseous Radwaste System (E62) 

- Medium Voltage System (Hi) 
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- Low Voltage System (H2) 

- Radiation Monitoring System (165) 

- Radwaste Building HVAC System (M15) 

MAIN COMPONENTS: 

- Pumps 

- Motors 

- Heat exchangers 

- Tanks 

- Filter-demineralizers 

- Piping 

- Valves 

- Instrumentation and control 

COMPONENT WORKING ENVIRONMENT: The system components work in a 

aqueous solution. 

SAFETY CLASS 

2/3 

2/3 

2/3 

2/3 

2/3 

2/3 

2/3 

2/3 
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E61 - SOLID RADIOACTIVE WASTE SYSTEM 

The radioactive waste system provides equipment and facilities for the 

collection, transfer, and disposal of routine radioactive solid wastes produ

ced by the plant. Radioactive solid wastes are packaged and shipped from 

the plant for disposal. Storage and shipping facilities for packaged low and 

high solid wastes are provided in the auxiliary equipment building. The fa

cilities include: interim storage vault for low level wastes, shielded casks, 

shielded casl< loading area, building cranes for transfer of casks between 

the loading area, storage volt and shipping dock. The system may alsoinclu 

de components to compact dry solid wastes and wet solid wastes as sluice pum 

ps, filters, compactors. 

MAIN FUNCTIONS: 

- Transport irradiated components or other solid wastes. 

- Collect solid wastes in casks, etc. 

- Transfer the storage casks. 

- Compact the wet solid wastes. 

- Control the activity emitted by the casks and in the areas where they are 

stored. 

MODE OF OPERATION: Normal, Upset, Emergency 

SYSTEM PLACEMENT: Auxiliary buildings 

MAIN INTERFACE SYSTEMS: 

- Radwaste Cooling Water System (Cll) 

- Liquid Radwaste System (E60) 

- Gaseous Radwaste System (E62) 

- Low Voltage System (H2) 

- Radiation Monitoring System (165) 
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MAIN COMPONENTS: SAFETY CLASS 

- Casks 2/3 

- Machines for hooking and transport 2/3 

- Pumps 2/3 

- Motors 2/3 

- Instrumentation 2/3 

COMPONENT WORKING ENVIRONMENT: The system components operate in 

air. 
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E62 - GASEOUS RADIOACTIVE WASTE SYSTEM 

The system provides appropriate storage capacity and capability for 

controlled release of radioactive gases which may be generated through nor 

mal operation of the plant. Nitrogen and argon vented from potentially con

taminated spaces are received by the decay storage, filtration and stock sy 

stem used for disposal of gases. The incoming gases are automatically moni

tored and are released directly to the heating and ventilating exhaust sy

stem or are compressed into decay holdup tanks for future release depen 

ding on the activity level. Gases stored in the decay holdup tanks are relè 

ased at a controlled rate to the heating and ventilating exhaust system af

ter analysis determines that the activity of the gases in the tanks is accep

table for release at the selected rate. 

MAIN FUNCTIONS: 

- Gas monitoring. 

- Gas release in the atmosphere by the sta ok. 

- Storage gases with activity higher than fixed values. 

- Filter gases before release. 

MODE OF OPERATION: Normal, Upset, Emergency. 

SYSTEM PLACEMENT: Auxiliary buildings. 

MAIN INTERFACE SYSTEMS: 

- Radioactive Gas Storage Containment System (B64) 

- Radwaste Cooling Water System (Cl l ) 

- Main - Guard Vessel Nitrogen Loop (C65) 

- Primary Sodium Cover Gas System (C66) 

- Primary Sodium Cover Gas Purification System (C67) 

- Nitrogen Reactor Shield Cooling Loop (C77) 

- Gas Drawing Of Gas DND (C80) 

- Argon Storage And Distribution System (C85) 

- Helium Storage And Distribution System (C86) 

- Nitrogen Storage And Distribution System (C87) 
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- Spent Fuel Pool Cover Gas System (D63) 

- Equipment And Floor Drainage System (E5) 

- Liquid Radwaste System (E60) 

- Solid Radwaste System (E61) 

- Low Voltage System (H2) 

- Radiation Monitoring System (165) 

- Radwaste Building HVAC System (M15) 

- Solid Waste Storage HVAC System (M16) 

- Primary Containment Ventilation System (M60) 

- Reactor Building Ventilation System (M61) 

- Active Sodium Room Ventilation System (M62) 

- Fuel Handling Building Ventilation System (M64) 

MAIN COMPONENTS: SAFETY CLASS 

- Compressors 2/3 

- Motors 2/3 

- Heat exchangers 2/3 

- Piping 2/3 

- Valves 2/3 

- Filters 2/3 

- Gas decay and surge tanks 1/2 

- Instrumentation and control 2/3 

COMPONENT WORKING ENVIRONMENT: The system components operate in ga 

seous atmosphere (argon, nitrogen). 
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F - STEAM AND POWER CONVERSION SYSTEM 

Fl - MAIN STEAM SYSTEM 

F2 - TURBINE SYSTEM 

F3 - TURBINE STEAM SEALING SYSTEM 

F4 - MAIN CONDENSER SYSTEM 

F5 - NON-CONDENSABLE GAS3S EXTRACTION SYSTEM 

F6 - TURBINE BYPASS SYSTEM 

F7 - STEAM EXTRACTION SYSTEM 

F8 - CONDENSATE AND FEEDWATER SYSTEM 

F9 - MOISTURE SEPARATORS, REHEATERS SYSTEM 

FIO - MOISTURE SEPARATORS, REHEATERS DRAIN SYSTEM 

F l l - HEATERS DRAINS AND VENTS SYSTEM 

F12 - VARIOUS THERMAL CYCLE DRAINS AND VENTS SYSTEM 

F13 - CHEMICAL ADDITIVE INJECTION SYSTEM 

F14 - CONDENSATE DEMINERALIZER SYSTEM 

F15 - CIRCULATING WATER SYSTEM (Open Cycle) 

F16 - CIRCULATING WATER SYSTEM (Closed Cycle) 

F17 - CIRCULATING WATER TREATMENT SYSTEM 

F18 - COOLING TOWERS SYSTEM 

F19 - SEAL WATER SYSTEM 
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G - POWER TRANSMISSION SYSTEM 

Gl - GENERATOR SYSTEM 

G2 - MAIN BUS DUCT SYSTEM 

G3 - MAIN TRANSFORMERS SYSTEM 

G4 - AUXILIARY TRANSFORMERS SYSTEM 

G5 - BACK-UP AUXILIARY TRANSFORMERS SYSTEM 

G6 - SWITCHYARD TO STATION H.V. CONNECTION 

H - ELECTRIC POWER SYSTEM 

HI -MEDIUM VOLTAGE SYSTEM 

H2 - LOW VOLTAGE SYSTEM 

H3 - VITAL INSTRUMENT AND COMPUTER A.C. SYSTEM 

H4 - ON-SITE D.C. SYSTEM 

H5 - DIESEL GENERATOR SYSTEM 

H6 - ELECTRICAL HEAT TRACING SYSTEM 

H7 - LIGHTING AND TAXED MOTIVE POWER SYSTEM 

H8 - SECURITY SYSTEM 

H9 - COMMUNICATION SYSTEM 

H10 - CATHODIC PROTECTION ^SYSTEM 

H l l - GROUNDING SYSTEM 
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I - INSTRUMENTATION, SUPERVISION, MONITORING SYSTEMS 

111 - OFF-SITE RADIOLOGICAL MONITORING SYSTEM 

160 - COMPUTER SYSTEM 

161 - ALARM SYSTEM 

162 - MAIN CONTROL ROOM BENCHBOARD SYSTEM 

163 -, SISMIC MONITORING SYSTEM 

164 - IN-CORE AND EX-CORE NEUTRON MONITORING SYSTEM 

165 - RADIATION MANITORING SYSTEM 

166 - SODIUM DELAYED NEUTRON DETECTION SYSTEM 

167 - FISSION PRODUCT DETECTION SYSTEM IN PRIMARY 

COVER GAS 

168 - HYDROGEN DETECTION SYSTEM IN SECONDARY SODIUM 

169 » HYDROGEN DETECTION SYSTEM IN SECONDARY COVER GAS 

170 - PRIMARY AND SECONDARY SODIUM LEAK DETECTION SYSTEM 

171 - PRIMARY SODIUM CORE COOLING LOOP TEMPERATURE MONI

TORING SYSTEM 

172 - SECONDARY SODIUM CORE COOLING SYSTEM TEMPERATURE 

MONITORING SYSTEM 

173 - STEAM GENERATOR TEMPERATURE MONITORING SYSTEM 

174 - SODIUM LEVEL MINITORING SYSTEM 

175 - SODIUM BOILING MONITORING SYSTEM 

176 - CORE VISUS SYSTEM 

177 - CORE OUTLET TEMPERATURE MONITORING SYSTEM 

178 - CORE OUTLET TEMPERATURE TREATMENT COMPUTER SYSTEM 

179 - PRIMARY AND SECONDARY SODIUM FLOW MONITORING SYSTEM 

180 - GAS FLOW AND PRESSURE MONITORING SYSTEM 

181 - CONTROLLED ATMOSPHERE MONITORING SYSTEM 
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•160 - COMPUTER SYSTEM 

The computer system is designed to carry out the functions listed as 

follows. It constitutes a continuous aid for the operating staff in the reac

tor management. This system does not carry out safety functions with par-
0 

ticular reference to: automatic control actuation, automatic reactor shut-do

wn, safety actions. 

The system normally consists of two independent conputers; each one 

follows a well defined part of the plant and supplies information in the con

trol rooms by cathode screens, printers, etc. It is possible to enquire the 

system by suitable keyboards. 

MAIN FUNCTIONS: 

- Measure tratment and surveillance. 

- Loop control treatment. 

- Computed function treatment. 

- Log-book. 

- Supply the necessary aid in the reactor exploitation. 
t 

MODE OF OPERATION; Normal, Upset, Emergency. 

SYSTEM PLACEMENT: Control room. 

MAIN INTERFACE SYSTEMS: 

- Various Plant Systems 

MAIN COMPONENTS: 

- Process computer 

- Recorders 

- Printers 

- Control panels 

- Instrumentation and controls 

- Cables 

COMPONENT WORKING ENVIRONMENT: Conditioned air. 

SAFETY CLASS 

2/3 

2/3 

2/3 

2/3 

2/3 

2/3 
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161 - ALARM SYSTEM 

The Alarm System is designed to alert the control room operators of 

abnormal conditions existing in the plant. The following operations or condi_ 

tions are, in particualr, signalized: 

- Shut-down actuation. 

- Threshold trip getting over. 

- Abnormal operation of apparatus and devices of vital importance in the re

actor operation. 

The alarm system signalizes the abnormal conditions by acoustic and ha 

minous signals: these signals may be continuous or intermittent and are nor 

mally located on the part of the control room benchboard or panels where the 

alarm operation or measure is normally indicated. 

MAIN FUNCTIONS: 

- Signal by acoustic or luminous signals abnormal operations in the plant. 

MODE OF OPERATION: Normal, Upset, Emergency, Faulted. 

SYSTEM PLACEMENT: Reactor control room. 

MAIN INTERFACE SYSTEMS: 

- Various Plant Systems 

MAIN COMPONENTS; 

- Logic circuits 

- Resonant alarms 

- Optical alarms 

- Instrumentation and control 

- Cables 

SAFETY CLASS 

Class IE : equipments related to the safety systems 

non-Class IE: other equipments. 

COMPONENT WORKING ENVIRONMENT: Conditioned air. 

SAFETY CLASS 

IE 

IE 

IE 

IE 

IE 
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162 - MAIN CONTROL ROOM BENCHBOARD SYSTEM 

The main control room benchboards and boards are designed to provi

de a centralized location for the monitoring and supervision of nuclear island 

and primary and secondary cooling systems. Normally it consists of a main 

block and other secondary ones. The main block contains the controls of the 

rod and shut-down system, the pumps, steam generator (or sodium - air ex

changers): it also contains the monitors of the main measured parameters (re 

actor power, main loop temperatures, e t c . ) . Every block includes control and 

indication apparatus, printers, screens, dialogue keyboards. 

The main control room also houses the panels signalizing the temperata 

res, flows, etc. of the auxiliary loops, and schemes of critical parts of the 

plant. 

MAIN FUNCTIONS: 

- Provide a centralized location for the monitoring and supervision of nucle

ar island, primary and secondary cooling systems and joined systems. 

- Provide the controls for power, flow, etc. 

- Provide a centralized location of the alarms for survey by the operator. 

MODE OF OPERATION: Normal, Upset, Emergency, Faulted. 

SYSTEM PLACEMENT: Control room. 

MAIN INTERFACE SYSTEMS 

- Various instrumentation, supervision, monitoring systems. 

- Various protection and control systems. 

MAIN COMPONENTS 

- Boards 

- Benchboards 

- Panels 

- Indicators 

- Instrumentation and control 

- Cables 

COMPONENT WORKING ENVIRONMENT: Conditioned air. 

SAFETY CLASS 

IE 

IE 

IE 

IE 

IE 
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163 - S1SM1C MONITORING SYSTEM 

The system detects and signals earthquake shocks in the reactor 

site. It consists of shock detectors and electronic circuits to process signa 

Is and to shut-down the reactor when threshold trips are exceeded. Si

gnals are also processed for relay to the alarm system. 

MAIN FUNCTIONS: 

- Detect any earthquakes in the reactor site. 

- Measure sismic intensity. 

- Process signals to be sent to the alarm system. 

- Shut-down the reactor when shock intensity exceed threshold trips. 

MODE OF OPERATIONS: Normal, Upset, Emergency, Faulted. 

SYSTEM PLACEMENT: The shock detectors are located outside the reactor 

building; the electronic processing chains are located in the control room. 

MAIN INTERFACE SYSTEMS: 

- Low Voltage System (H2) 

- Reactor Protection System (L60) 

- Alarm System (161) 

- Engineering Safety Feature Action System (L61) 

MAIN COMPONENTS: SAFETY CLASS 

- Shock detectors 1 

- Electronic amplifiers 1 

- Indicators 1 

- Recorders 1 

- Power feeders 1 

- Transducers 1 

- Cables 1 

COMPONENT WORKING ENVIRONMENT: The system components operate in 

normal or conditioned air. 
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164 - JN-CORE AND EX7-CORE NEUTRON MONITORING SYSTEM 

The system is designed to measure and to indicate the neutron flux 
f 

which can be correlated to the reactor thermal power level for the entire ran 

ge of flux conditions that may exist in the core. 

Two source-range monitors and three intermediate range monitors pro 

vide flux level indications during reactor start-up and low power operation. 

During full-power reactor operation, the neutron flux is monitored as 

follows: 

- Neutron flux increase (or decrease) rate. 

- Flux increase (overpower) or decrease. 

- Nuclear reactivity variation. 

A neutron flux measure, to be interpolated with sodium flow measures, 

is also provided. 

MAIN FUNCTIONS: 

- Continually measure and monitor the reactor core neutron flux. 

- Compare the neutron flux measures with the power calculated on the gro

und of sodium temperatures and flow. 

- Supply the neutron flux measures necessary to control reactor power by 

the control rods during normal reactor operation. 

- Process by electronic components, the signals to be sent to the engineering 

safety feature action system in order to actuate, when necessary automatic 

reactor shut-down. 

- Process by electronic component, the signals to be sent to the alarm system 

in order to allow, if necessary, manual reactor shut-down by the operating 

staff. 

- Process by electronic components, the segnals to be sent to the main con

trol room benchboard system. 

MODE OF OPERATION: Normal, Upset, Emergency, Faulted. 

SYSTEM PLACEMENT: Primary containment. 
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MAIN INTERFACE SYSTEMS: 

- Reactor Core System (A60) 

- Reactor Vessel Equipment (A67, A68) 

- Primary Reactor Containment System (B60) 

- Low Voltage System (H2) 

- Main Con fro! Room Benchboard System (162) 

- Reactor Protection System (L60) 

- Engineering Safety Feature action System (L61) 

MAIN COMPONENTS SAFETY CLASS 

- Proportional counters 1 

- Proportional ionization chambers 1 

- Compensated ionization chambers 1 

- Fission chambers 1 

- Amplifiers 1 

- Preamplifiers 1 

- Indicators 1 

- Instrumentation and controls 1 

- Cables 1 

COMPONENT WORKING ENVIRONMENT: The system components operate in ni 

trogen atmosphere. 



221 

165 - RADIATION MONITORING SYSTEM 
• , 

The system consists of neutron and Y flux detectors, their electrical 

supply and electronic (amplifier, testing) circuits and in the connected alarm 

systems. 

The system is designed to manitor the neutron and Y flux in order to 

allow a continuous control of their level to the personnel operating staff and 

to command an alarm signal when the maximum allowed levels are exceeded. 

The Y and neutron flux is monitored in all the accessible reactor pre

mises. 

MAIN FUNCTIONS: 

- Provide data for operation and health-phisician personnel, in order to li

mit release of radiatioactivity to the environment to an as-low-as-possible 

level, and to evaluate personnel exposure. 

- Detect by acoustic signal accidental releases that could be dangerous to 

plant staff. 

MODE OF OPERATION: Normal, Upset, Emergency, Faulted, Hypothetical ac 

cidents. 

SYSTEM PLACEMENT: All accessible reactor premises. 

MAIN INTERFACE SYSTEMS: 

- Various plant systems. 

MAIN COMPONENTS: SAFETY CLASS 

- Ionization chambers 1/2 

- Electronic test circuits 1/2 

- Electrical feeders 1/2 

- Indicators 1/2 

- Recorders 1/2 

- Alarm 1/2 

COMPONENT WORKING ENVIRONMENT: Controlled nKrogen atmosphere, air. 
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166 - SODIUM DELAYED NEUTRON DETECTION SYSTEM 

This system consists of instruments designed to detect delayed neu

trons in the primary sodium drawn in the main core vessel, the sodium - so 

dium heat exchangers and the fuel assembly outlet (C79). These instruments 

consist of a system to thermalize the neutrons and to detect the neutrons in 

the ion chambers. Three independent instruments are mounted on every draw 

line. 

The sodium delayed neutron detection system includes the electronic com 

ponents connected to each detector, which amplify and transmit the elaborated 

signals to the alarm system (161) and to the engineering safety feature action 

system (L63). 

MAIN FUNCTIONS: 

- Thermalize eventual neutrons present in the drawn sodium. 

- Detect any delayed neutrons in the drawn sodium. 

- Localize the pin emitting the detected delayed neutrons. 

- Process by electronic components the signals to be sent to the engineering 

safety feature action system in order to actuate, when necessary, automa

tic reactor shut-down. 

- Process by electronic components, the signals to be sent to the alarm sy

stem in order to allow, if necessary, manual reactor shut-down by the ope 

rating staff. 

- Process by electronic components, the signals to be sent to the main con

trol room benchboard system. 

MODE OF OPERATION: Normal, Upset, Emergency, Faulted. 

SYSTEM PLACEMENT: Reactor primary containment and benchboard control ro 

om. 

MAIN INTERFACE SYSTEMS: 

- Reactor Core System (A60) 

- Primary Sodium Core Cooling System (A61, A62) 

- Sodium Drawing And Conveying System of DND (C79) 
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- Low Voltage System (H2) 

- Alarm System (161) 

- Reactor Protection System (L60) 

MAIN COMPONENTS: SAFETY CLASS 

- Neutron thermalizing apparatus 1 

- Ion chambers 1 

- Electronic amplifiers 1 

- Eie tronic preamplifiers 1 

- Indicators 1 

- Recorders 1 

- Power feeders 1 

- Transducers 1 

- Cables 1 

COMPONENT WORKING ENVIRONMENT: The system components operate in ni 

trogen atmosphere. 
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167 - FISSION PRODUCT DETECTION SYSTEM IN COVER GAS 

This system consists of the ion chambers and other gas analysis in

struments to detect fission products in the primary cover gas (argon or he 

lium) conveyed by the cover gas drawer 6ystem (C80) and by the primary 

cover gas analysis system (C81). 

The fission product detection components include the elee 

tronic components, connected to each detector, which amplify and transmit 

the processed signals to the alarm system (161). 

MAIN FUNCTIONS: 

- Detect fission products in primary cover gas. 

- Analyse the drawn cover gas. 

- Process, by electronic components, the signals to be sent to the enginee 

ring safety feature action system in order to actuate, when necessary, 

the automatic reactor shut-do«vn. 

- Process, by electronic components, the signals to be sent to the alarm sy_ 

stem in order to allow, if necessary, the manual reactor shut-down by the 

operating staff. 

- Process, by electronic components, the signals to be sent to the main con 

trol room benchboard system. 

MODE OF OPERATION: Normal, Upset, Emergency, Faulted. 

SYSTEM PLACEMENT: Reactor building, primary reactor containment, bench 

board control room. 

MAIN INTERFACE SYSTEMS: 

- Reactor Core System (A60) 

- Primary Sodium Core Cooling System (A61, A62) 

- Primary Sodium Cover GP.S System (C66) 

- Cover Gas Draw And Conveying System (C80) 

- Low Voltage System (H2) 

- Alarm System (161) 
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MAIN CQMPQNENST: 

- Neutron thermalizing apparatus 

- Ion chambers 

- Electronic amplifiers 

- Electronic preamplifiers 

- Indicators 

- Recorders 

- Power feeders 

- Transducers 

- Cables 

COMPONENT WORKING ENVIRONMENT: 

sphere; the other components operate i 

SAFETY CLASS 

The sen SOB operate in nitrogen atmo-

i air. 



226 

168 - HYDROGEN DETECTION SYSTEM IN SECONDARY SODIUM 

This system detects water leaks in the steam generators, and any hy

drogen in the secondary sodium by analysing the sodium conveyed by the 

steam generator sodium drawer system (C82). A separate hydrogen detection 

system is provided for each steam generator. 

Each system consists in a vacum loop whose components (ionic pumps, 

gas analyser, e tc . ) measure the gas concentration in sodium. If a leak is de 

tected, the steam generator is voided and the core decay heat is removed by 

the residual heat removal system (B65). 

The system includes the electronic components which elaborate and send 

the signal to the computer system. 

MAIN FUNCTIONS: 

- Analyse the drawn sodium. 

- Detect hydrogen in sodium and, consequently a leak in the steam genera

tor. 

- Localize the steam generator part involved in the water leak. 

- Process, by electronic components, the signals to be sent to actuate,when 

necessary, the automatic reactor shut-down. 

- Process, by electronic components, the signals to be sent to the alarm sy_ 

stem in order to allow, if necessary, the manual reactor shut-down by the 

operating staff. 

- Process, by electronic components, the signals to be sent to the main con 

trol room benchboard system. 

MODE OF OPERATION: Normal, Upset. 

SYSTEM PLACEMENT: Steam generator building. 

MAIN INTERFACE SYSTEMS: 

- Secondary Sodium Reactor Cooling System (A63, A64) 

- Steam Generator System (A66) 

- Main Steam System (F l ) 
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- Turbine System (F2) 

- Condensate And Feedwater System (F8) 

- Steam Generator Sodium Draw System (C82) 

- Low Voltage System (H2) 

- Alarm System (161) 

- Engineering Safety Feature Action System (L61) 

- Reactor protection system (L60) 

MAIN COMPONENTS: SAFETY CLASS 

- Ionic pumps 1 

- Gas analyser 1 

- Electronic amplifiers 1 

- Electronic preamplifiers 1 

- Indicators 1 

- Recorders 1 

- Power feeders 1 

- Transducers 1 

- Cables 1 

COMPONENT WORKING ENVIRONMENT: The system components operate in 

vacum or hydrogen atmposphere. 
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169 - HYDROGEN DETECTION SYSTEM IN SECONDARY COVEK GAS 

The system is designed to measure and desplay the hydrogen concen

tration in the sodium steam generator cover gas. It consists of a Nickel dia

phragm (set directly in the cover gas atmosphere) and a lenked vacumm lo

op. 

MAIN FUNCTIONS: 

- Detect hydrogen in the steam generator cover gas. 

MODE OF OPERATION: Normal, Upset, Emergency 

SYSTEM PLACEMENT: Secondary sodium and steam generator building. 

MAIN INTERFACE SYSTEMS: 

- Secondary Sodium Core Reactor Cooling System (A63, A64) 

- Steam Generator System (A66) 

- Residual Heat Removal System (B65) 

- Secondary Sodium Cover Gas System (C72) 

- Argon Storage And Distribution System (C85) 

- Main Steam System (Fl) 

- Condensate And Feedwater System (F8) 

- Low Voltage System (H2) 

MAIN COMPONENTS: SAFETY CLASS 

- Pipes 1 

- Diaphragm 1 

- Valves 1 

- Gas analyser 1 

- Instrumentation 1 

COMPONENT WORKING ENVIRONMENT: The system components operate in ar 

gon cover gas. 
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170 - PRIMARY AND SECONDARY SODIUM LEAK DETECTION SYSTEM 

The primary and secondary sodium leak detection system consists of 

the instruments designed to detect sodium leaks in the components of the 

primary and secondary sodium core cooling loops and of the linked auxiliary 

systems and loops (purification systems, draining and make-up system, sto 

rage and distribution systems, etc). 

The following three main detectors are usually utilized: 

- Wire detectors; 

- Candlestick (or flat) detectors; 

- Aerosol detectors. 

The system includes the electronic components that elaborate the signals 

to be sent to the alarm and protection systems. 

MAIN FUNCTIONS: 

- Detect eventual sodium leaks in the primary and secondary sodium core 

cooling loops and in the reiated auxiliary systems. 

- Localize the leak. 

- Process the signal to be sent to the alarm system. 

MODE OF OPERATION: Normal, Upset, Emergency. 

SYSTEM PLACEMENT: Primary containment, Reactor building, Secondary so

dium builidng. 

MAIN INTERFACE SYSTEMS: 

- Primary Sodium Core Cooling Loop (A61, A62) 

- Secondary Sodium Core Cooling Loop (A63, A64) 

- Primary Sodium Purification System (C60) 

- Secondary Sodium Purification System (C68) 

- Primary Sodium Purity Check System (C61) 

- Secondary Sodium Purity Check System (C69) 

- Primary Sodium Draining System (Cfr2) 

- Secondary Sodium Draining System (C71) 
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- Primary Sodium Make-Up And Level Control System (C63) 

- Sodium Delayed Neutron Draw And Conveying System (C79) 

- Fresh Sodium Transfer And Receiving System (C83) 

- Sodium Storage And Distribution System (C84) 

- Low Voltage System (H2) 

- Alarm System (161) 

- Engineering Safety Feature Action System (L61) 

MAIN COMPONENTS: SAFETY CLASS 
* — • • • , , • • 

- Wire detectors 2 

- Candlesticks 2 

- Aerosol detectors 2 

- Electronic amplifiers 2 

- Electronic preamplifiers 2 

- Indicators 2 

- Recorders 2 

- Power feeders 2 

- Transducers 2 

- Cables 2 

COMPONENT WORKING ENVIRONMENT: The system components operate in ni_ 

trogen atmosphere or air. 
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171 - PRIMARY SODIUM CORE COOLING LOOP TEMPERATURE MONITORING 

SYSTEM 

The system is designed to measure.the primary sodium temperature in 

the following points of the main sodium loop: 

- Inlet core sodium. 

- Outlet core sodium. 

- Outlet centrifugal pumps. 

- Outlet sodium - sodium heat exchagers. 

The temperature is measured by thermocouples and the signals are sent 

to the engineering safety feature action system (for eventual reactor shut-

-down), to the alarm system and to the main control room benchboard system (in 

order to supply the necessary information for "the reactor power control sy_ 

stem" and the "flow control system"). The electronic components that process 

the measured signals and the threshold trips are included in the system. 

MAIN FUNCTIONS: 

- Measure primary sodium temperatures by thermocouples. 

- Process, by electronic components, the signals to be sent to the engine

ering safety feature action system in order to actuate, when necessary, 

the automatic reactor shut-down. 

- Process, by electronic components, the signals to be sent to the alarm sy_ 

stem in order to allow, if necessary, the manual reactor shut-down by the 

operating staff. 

- Process, by electronic components, the signals to be sent to the main con 

trol room benchboard system in order to allow the power and primary and 

secondary sodium water flow control by suitable systems (L61, L62). 

MODE OF OPERATION: Normal, Upset, Emergency. 

SYSTEM PLACEMENT: Primary sodium cooling building and benchboard room 

building. 
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MAIN INTERFACE SYSTEMS: 

- Primary Sodium Core Cooling System (A61, A62) 

- Low Voltage System (H2) 

- Computer System (160) 

- Alarm System (161) 

- Main Control Room Benchboard System (162) 

- Engineering Safety Feature Action System (L61) 

- Reactor Power Control System (L62) 

- Flow Control System (L63) 

MAIN COMPONENTS: SAFETY CLASS 

- Thermocouples 1/2 

- Electronic amplifiers 1/2 

- Electronic preamplifiers 1/2 

- indicators 1/2 

- Recorders 1/2 

- Power feeders 1/2 

- Transducers 1/2 

- Cables 1/2 

COMPONENT WORKING ENVIRONMENT: The thermocouples are directly plun

ged in sodium or in pumps; the electronic components are in air (controlled 

temperature). 
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172 - SECONDARY SODIUM CORE COOLING SYSTEM TEMPERATURE MONITO 

RING SYSTEM 

The system is designed to measure the secondary sodium temperatures 

in the following points of the secondary sodium loops; 

- Inlet sodium - sodium heat exchangers. 

- Outlet sodium - sodium heat exchangers. 

- Steam generator sodium. 

The temperature is measured by thermocouples and the signals are sent 

to the engineering safety feature action system (for eventual reactor shut

down), to the alarm system and to the main control room benchboard system 

(in order to supply the necessary information for "the reactor power control 

system" and the "flow control system"). The electronic components that pro

cess the measured signals and the threshold trips are included in the system. 

The system includes the thermocouples and the electronic components 

to process the signals. 

MAIN FUNCTIONS: 

- Measure secondary sodium temperatures by thermocouples. 

- Process, by electronic components, the signals to be sent to the alarm sg 

stem, the computer system, the main control rocn benchboard system and 

to the engineering safety feature action system in order to allow power 

and sodium flow control and eventual reactor shut-down. 

MODE OF OPERATION; Normal, Upset, Emergency, Faulted. 

SYSTEM PLACEMENT: The thermocouples are directly plunged in the secon

dary sodium or in pumps; the electronic components are located in the elec

tronic boxes. 

MAIN INTERFACE SYSTEMS: 

- Secondary Sodium Core Cooling System (A63, A64) 

- Low Voltage System (H2) 

- Computer System (160) 
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- Alarm System (161) . 

- Main Control Room* Benchboard System (162) 

- Engineering Safety Feature Action System (L61) 

- Reacior Power Control System (L62) 

- Flow Control System (L63) 

MAIN COMPONENTS: 

- Thermocouples 

- Electronic amplifiers 

- Electronic preamplifiers 

- Indicators 

- Recorders 

- Power feeders 

- Transducers 

- Cables 

SAFETY CLASS 

1/2 

1/2 

1/2 

1/2 

1/2 

1/2 

1/2 

1/2 

COMPONENT WORKING ENVIRONMENT: The thermocouples are directly plun 

ged in secondary sodium or in pumps; the electronic components are in con

trolled air atmpsphere. 
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173 - STEAM GENERATOR TEMPERATURE MONITORING SYSTEM 

The system is designed to measure outlet steam temperature in each 

steam generator system. 

The temperature is measured by thermocouples plunging in the steam 

and the processed signals are sent to the engineering safety feature action 

system (for eventual reactor shut-down) and to the alarm system. 

Other thermocouples, with sensitivity lower than the previous ones, 

send signals to the "main control room benchboard system": on their gro

und the "flow control system" and the "reactor power control system" regu 

late the reactor power, the primary and secondary sodium, and water flow. 

The steam generator temperature monitoring system includes the ther 

mocouples, the electronical components to process the signals and the thre

shold trips. 

MAIN FUNCTIONS: 

- Measure stean temperature by thermocouples. 

- Process, by electronic components, the signals to be sent to the enginee 

ring safety feature action system in order to actuate, when necessary, 

the automatic reactor shut-down. 

- Prooer.s, by electronic components, the signals to be sent to the alarm sy_ 

stem .-1 order to allow, if necessary, manual reactor shut-down by opera 

ting staff. 

- Process, by electronic components, the signals to be sent to the main con 

trol room benchboard system in order to control reactor power, primary 

secondary sodium and water flow by the suitable systems (L61, L62). 

MODE OF OPERATION: Normal, Upset. 

SYSTEM PLACEMENT: Steam generator and electronic lockers. 

MAIN INTERFACE SYSTEMS: 

- Steam Generator System (A66) 

- Low Voltage System (H2) 

- Computer System (160) 
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- Alarm System (161) 

- Main Control Room Benchboard System (162) 

- Engineering Safety Feature Action System (L61) 

- Reactor Power Control System (L62) 

- Flow Control System (L63) 

MAIN COMPONENT: 

- Thermocouples 

- Amplifiers 

- Preamplifiers 

- Indicators 

- Recorders 

- Power feeders 

- Transducers 

- Cables 

COMPONENT WORKING ENVIRONMENT: The thermocouples are directly plun 

ged in water steam; the electronic components are in controlled atmosphere 

(electronic component lockers). 

SAFETY CLASS 

1/2 

1/2 

1/2 

1/2 

1/2 

1/2 

1/2 

1/2 
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174 - SODIUM LEVEL MONITORING SYSTEM 

The system is designed to measure continually the sodium level in the 

main core vessel, in the sodium - sodium heat exchangers and in all the so

dium tanks of the primary and secondary core cooling systems and in the In 

ked auxiliary systems. 

The system includes the electronic components that elaborate the si

gnals to be sent to the engineering safety feature action system and to the . 

alarm system in order to allow automatic reactor shut-down or shut-down by 

the operator when level limit values are exceeded. Processed signals are al

so sent to the control room benchboards. 

Two types of level detectors are utilized: 

- Continuous measure detectors; 

- Non-continuom measure detectors. 

MAIN FUNCTIONS: 

- Measure the sodium level in all the sodium tanks of the primary and se

condary sodium reactor cooling system and the linked auxiliary system. 

- Process, by electronic components, the signals to be sent to the enginee

ring safety feature action system in order to actuate, when necessary,the 

automatic reactor shut-down. 

- Process, by electronic components, the signals to be sent to the alarm sy_ 

stem in order to allow, if necessary, manual reactor shut-down by the ope 

rating staff. 

MODE OF OPERATION: Normal,Upset. 

SYSTEM PLACEMENT: Primary and secondary core cooling systems and lin

ked auxiliary loops. Electronic component lockers. 

MAIN INTERFACE SYSTEMS: 

- Primary Sodium Core Cooling System (A61, A62) 

- Secondary Sodium Core Cooling System (A63, A64) 

- Primary Sodium Auxiliary Loops (C6tf, C61, C62, C63) 
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- Secondary Sodium Auxiliary Loops (C68, C69, C70, C71) 

- Low Voltage System (H2) 

- Computer System (160) 

- Alarm System (161) 

- Main Control Room Benchboard System (162) 

- Engineering Safety Feature Action System (L61) 

- Reactor Power Control System (L62) 

- Flow Control System (L63) 

MAIN COMPONENTS: 

- Level detectors 

- Amplifiers 

- Preamplifiers 

- Indicators 

- Recorders 

- Power feeders 

- Transducers 

- Cables 

SAFETY CLASS 

1/2 

1/2 

1/2 

1/2 

1/2 

1/2 

1/2 

1/2 

COMPONENT WORKING ENVIRONMENT: The level detectors are directly plun 

ged in sodium: the electronic components are in controlled atmosphere (air 

of electronic component lockers). 
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175 - SODIUM BOILING MONITORING SYSTEM 

The system is designed to detect boiling phenomena in the core fuel 

assemblies; it detects the noise generated by the vapour bubble collapse. 

The system is not connected to the engineering safety feature action 

system in order to actuate the automatic reactor Bhut-down. The processed 

signals are sent only to the alarm system. 

MAIN FUNCTIONS: 

- Detect any boiling phenomena in the core fuel assemblies. 

- Process electronic signals to be sent to the alarm system when boiling phe 

nomena are primed. 

MODE OF OPERATION: Normal Upset, Emergency Faulted. 

SYSTEM PLACEMENT: Main core vessel electronic component lockers. 

MAIN INTERFACE SYSTEMS: 

- Reactor Core System (A60) 

- Primary Sodium Core Cooling System (A61, A62) 

- Reactor Vessel Equipment (A67, A68) 

- Low Voltage System (112 ) 

- Alarm System (161) 

MAIN COMPONENTS: SAFETY CLASS 

- Acoustic sound detectors 2 

- Electronic amplifiers 2 

- Electronic preamplifiers 2 

- Indicators 2 

- Recorders 2 

- Power feeders 2 

- Transducers 2 

- Cables 2 

COMPONENT WORKING ENVIRONMENT: The acouBtic sound detectors are in 

sodium. The electronic components operate in controlled atmosphere (air). 
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176 - CORE "VISUS" SYSTEM 

The system is designed to allov the sight control of the fuel assembly 

heads and of the handling machine components inside the main vessel. The 

system consists of two "supersonar" instruments crossing the main vessel 

plug, and also includes the electronic components that process the signals to 

be sent to the main control room benchboard system. 

MAIN FUNCTIONS: 

- Verfy the exact position of the fuel assembly heads. 

- Verify in-vessel handling machine component position. 

- Process signals to be sent to the main control room benchboard system. 

MODE FO OPERATION: Normal, Upset, Emergency. 

SYSTEM PLACEMENT: Core main vessel, primary containment, instrumentation 

lockers. 

MAIN INTERFACE SYSTEMS: 

- Reactor Core System (A60) 

- Fuel Storage And Handling Equipment (D60) 

- Vessel Equipment (A67, A68) 

- Low Voltage System (L2) 

- Main Control Room Benchboard System (162) 

MAIN COMPONENTS: SAFETY CLASS 

~ Neutron thermalizing apparatus 2 

- Ion chambers 2 

- Electronic amplifiers 2 

- Electronic preamplifiers 2 

- Indicators 2 

- Recorders 2 

- Power feeders 2 

- Transducers 2 

- Cables 2 

COMPONENT WORKING ENVIRONMENT: The inner vessel components work in 

sodium and argon; the components on the vessel plug work in nitrogen con

trolled atmosphere. The electronical components work in air. 
» 
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177 - CORE OUTLET TEMPERATURE MONITORING SYSTEM 

This system consists in the thermocouples on fuel assembly outlet to 

measure sodium temperature; two thermocouples for each fuel assembly have 

been provided. The processed signals are sent to the core outlet temperati! 

re treatment computer system (178). The system includes the electronic com 

ponents that process the signals. 

MAIN FUNCTIONS: 

- Measure the sodium fuel assembly outlet temperatures. 

- Process the signals to be sent to the core outlet temperature treatment 

computer system. 

MODE OF OPERATION: Normal, Upset, Emergency, Faulted. 

SYSTEM PLACEMENT: Main vessel sodium and benchboard room building. 

MAIN INTERFACE SYSTEM: 

- Reactor Core System (A60) 

- Primary Sodium Core Cooling System (A61, A62) 

- Reactor Vessel Equipment (A67, A68) 

- Primary Sodium Cover Gas System (C66) 

- Low Voltage System (H2) 

- Core Outlet Temperature Treatment Computer System (178) 

MAIN COMPONENTS: SAFETY CLASS 

- Thermocouples 1 

- Electronic amplifiers 1 

- Electronic preamplifiers 1 

- Indicators 1 

- Recorders 1 

- Power feeders 1 

- Transducers 1 

- Cables 1 

COMPONENT WORKING ENVIRONMENT: The thermocouples operate in sodium; 

the electronic components operate in air. 
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178 - CORE OUTLET TEMPERATURE TREATMENT COMPUTER SYSTEM 

The system consists of two independent computers designed to "treat" 

the signals sent by thermocouples measuring the outlet fuel assembly tempe 

ratures. The treatment is a comparison of each fuel assembly outlet tempera 

ture with a reference temperature in order to detect variations with respect 

to the normal outlet temperature. If the variations (value, variation rate, 

etc.) exceed a set value the automatic reactor shut-down is derectly actua

ted. In this way it is possible to detect and to control outlet temperature ii 

crease caused by a loss of flow anywhere in core or by a local blockage in 

a fuel assembly. 

MAIN FUNCTIONS: 

- "Treat" fuel assembly outlet temperatures in order to detect variations wi

th respect to the normal outlet temperature. 

- Actuate automatic reactor shut-down when an anomaleous increase in the 

fuel assembly temperature is detected. 

- Control of accidents such as total loss of flow in the core or local blocka 

ges in a fuel assembly. 

- Process signals to be sent to the alarm system. 

- Provide a continuous display of outlet core temperature readings. 

MODE OF OPERATION: Normal, Upset, Emergency. 

SYSTEM PLACEMENT: Benchboard room. 

MAIN INTERFACE SYSTEMS: 

- Reactor Core System (A60) 

- Primary Sodium Core Cooling System (A61, A62) 

- Low Voltage System (H2) 

- Alarm System (161) 

- Core Outlet Temperature Monitoring System (177) 

- Reactor Protection System (L60) 

- Engineering Safety Feature Control System (L61) 
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MAIN COMPONENTS: 

- Process computer 

- Recorders 

- Printers 

- Control panels 

- Instrumentation and controls 

- Cables 

COMPONENT WORKING ENVIRONMENT: 

om). 

SAFETY CLASS 

air ( atmosphere of the benchboar.d ro 
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179 - PRIMARY AND SECONDARY SODIUM FLOW MONITORING SYSTEM 

The system is designed to measure the flow in the primary sodium (lo

op reactor) and secondary sodium pipes of the main cooling loops. 

The flows are measured by permanent magnets and the processed si-

ganls are sent to the benchboard of the control room or to the engineering 

safety feature action system and to the alarm system. The flow signal is com 

bined with a power signal (see 160) and when limit values are exceeded the 

automatic reactor shut-down is actuated by system L60. 

When the limit values (thresholds) are exceeded, the alarm system also 

indicates to the operating staff the situation and the necessity to shut-down 

normally the reactor if the automatic shut-down has not been actuated. The 

system includes the electronic components that process the signals and the 

'threshold trips. 

MAIN FUNCTIONS: 

- Measure the sodium flow in primary and secondary main core cooling loops. 

- Process, by electronic components, the signals to be sent to the engineering safe 

ty feature action system in order, to actuate, when necessary, the automatic 

reactor shut-down. 

- Process, by eletronic components, the signals to be sent to the alarm sjr 

stem in order to allow, if necessary, the manual shut-down by the opera

ting staff. ' . . 

- Process, by electronic components, the signals to be sent to the main con 

trol room benchboard system. 

MODE OF OPERATION: Normal, Upset, Emergency, Faulted. 

SYSTEM PLACEMENT: Primary containment, control room. 

MAIN INTERFACE SYSTEMS : 

- Primary Sodium Core Cooling System (A61.A62) 

- Secondary Sodium Core Cooling System (A63, A64) 

- Low Voltage System (K2) 

- Computer System (160) 
- Alarm System (161) 
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- Main Control Room Benchboard System (162) 

- In-Core And Ex-Core Neutron Monitoring System (164) 

- Reactor Power Control System (L60) 

- Engineering Safety Feature Action System (L61) 

MAIN COMPONENTS: SAFETY CLASS 

- Permanent magnets 1/2 

- Electronic amplifiers 1/2 

- Electronic preamplifiers 1/2 

- Indicators 1/2 

- Recorders 1/2 

- Power feeders 1/2 

- Transducers 1/2 

- Cables 1/2 

COMPONENT WORKING ENVIRONMENT: The system components operate in ni_ 

trogen controlled atmosphere and in conditioned air (electronic component lo

ckers). 
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180 - GAS FLOW AND PRESSURE MONITORING SYSTEM 

This system includes the detectors provided in the gas (argon, helium, 

nitrogen) auxiliary loops of the reactor in order to measure gas pressure and 

flow. The flow detectors normally consist of a diaphragm set-up in the gas 

pipe; the pressure detectors consist of diaphragm that measure the pressure 

difference with reference to the external environment. The system includes 

the electronic circuits that process the signals. 

MAIN FUNCTIONS: 

- Measure gas pressure. 

- Measure gas flow. 

- Process signals to be sent to control room benchboards or to the alarm sy_ 

stem. 

MODE OF OPERATION: Normal, Upset, Emergency, Faulted. 

SYSTEM PLACEMENT: Cover gas on primary and secondary sodium. 

MAIN INTERFACE SYSTEMS: 

- Many Auxiliary Loops Of The Primary And Secondary Sodium Core Cooling 

Loops. 

MAIN COMPONENTS: SAFETY CLASS 

- Detectors 1/2 

- Electronic amplifiers 1/2 

- Indicators 1/2 

- Recorders 1/2 

- Power feeders 1/2 

- Transducers 1/2 

- Cables 1/2 

COMPONENT WORKING ENVIRONMENT: The system components operate in ar 

gon, nitrogen, helium. 
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181 - CONTROLLED ATMOSPHERE MONITORING SYSTEM 

This system is designed to control and signal any leaks in the control 

led atmosphere rooms ; in particular external air entry in the secondary con

tainment and Oxygen presence in the nitrogen atmosphere of the primary con 

tainment and of the active sodium rooms are detected. The system includes 

the detectors and the electronic circuits that process the signals to be sent 

to the alarm system and to the control room benchboards. 

MAIN FUNCTIONS: 

- Detect oxygen presence in the nitrogen atmosphere. 

- Detect leaks in controlled atmosphere rooms. 

- Process signals to be sent to the alarm system and to control room bench 

boards. 

MODE OF OPERATION: Normal, Upset, Emergency. 

SYSTEM PLACEMENT: Controlled atmosphere rooms, control room. 

MAIN INTERFACE SYSTEMS: 

- Many Containment Systems and HVAC Systems. 

MAIN COMPONENTS: SAFETY CLASS 

- Detectors 2 

- Electronic amplifiers 2 

- Indicators 2 

- Recorders 2 

- Power feeders 2 

- Transducers 2 

- Cables 2 

COMPONENT WORKING ENVIRONMENT: The system components operate in ni_ 

trogen controlled atmosphere and in conditioned air (electronic component lo

ckers). 
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L - PROTECTION AND CONTROL SYSTEMS 

L2 - BOP PROTECTION SYSTEM 

L9 - TURBINE CONTROL SYSTEM 

L60 - REACTOR PROTECTION SYSTEM 

L61 - ENGINEERING SAFETY FEATURE ACTION SYSTEM 

L62 - REACTOR POWER CONTROL SYSTEM 

L63 - FLOW CONTROL SYSTEM 

L64 - MAIN VESSEL ARGON PRESSURE CONTROL SYSTEM 

L65 - MAIN-GUARD VESSEL NITROGEN PRESSURE CONTROL 

SYSTEM 

L66 - PRIMARY AND SECONDARY SODIUM PURITY CHECK TEM

PERATURE CONTROL SYSTEM 

L67 - CONTROL SYSTEM OF THE PRIMARY AND SECONDARY SO 

DIUM COLD TRAP COOLING SYSTEM 

L68 - SPENT FUEL POOL COOLING LOOP CONTROL SYSTEM 

L69 - AIR FLOW CONTROL SYSTEM IN THE SODIUM-AIR HEAT 

EXCHANGERS 
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L60 - REACTOR PROTECTION SYSTEM 

The reactor protection system is designed to actuate the reactor shut-

-down to control accidents or an abnormal reactor operation. The shut-down 

consists of the total introduction of the control rods in the reactor core. The 

following shut-downs are usually provided; 

- Fast automatic shut-down (scram) consisting of the introduction of the con 

trol rods in the core by gravity fault. 

- Slow automatic shut-down (reverse) consisting of the motorized introduc

tion of the control rods in the core at constant speed by the control rod 

mechanisms. 

- Manual reactor shut-down actuated by the operating staff. 

The automatic shut-downs-areactivated by the engineering, safetyaction 

system when set thresholds are exceeded; they are designed so that the 

thermal gradients resulting from the reactor power decrease produced by the 

reactor shut-down are supported by mechanical reactor structures without 

any consequence; but the intervention and introduction times must be short 

enough to prevent the overcoming of prefixed thermal and stregth limits. 

The manual reactor shut-down is actuated by the operating staff either 

as normal reactor shut-down for refueling operations, etc; or, in case of ac

cidents, on the ground of the alarm and benchboard signals, the operator may 

activate the reactor shut-down if the automatic system fails. 

The automatic reactor shut-down is based on a fail-safe design philo

sophy and is protected against common-mode failures. 

The system consists of the relays and the electric and mechanical com 

ponents (coils, etc.) which actuate the shut-down activated by the enginee

ring safety feature action system or manually by the operating staff. 

MAIN FUNCTIONS: 

- Guard the fuel nir;s against any damage produced by accidents or abnor

mal reactor operation. 

- Guard the reactor structures against any damage produced by accidents 

or abnormal reactor operation. 

- Shut-down the reactor. 
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MODE OF OPERATION: Normal, Upset, Emergency, Faulted, Hypothetical ac 

cidents. 

SYSTEM PLACEMENT: Primary containment. 

MAIN INTERFACE SYSTEMS: 

- Reactor Core System (A60) 

- Primary Sodium Reactor Cooling System (A61, A62) 

- Secondary Sodium Reactor Cooling System (A63, A64) 

- Steam Generator (A66) 

- Reactor Vessel Equipment (A67, A68) 

- Control Rod Drive System (A69, A70) 

- Residual Heat Removal System (B65) 

- Low Voltage System (H2) 

- Core Outlet Temperature Treatment Computer System (177) 

- Engineering Safety Feature Action System (L61) 

MAIN COMPONENTS: SAFETY CLASS 

- Logic circuits 1 

- Power feeders 1 

- Relays 1 

- S witchgears 1 

- Cables 1 

- Control panels 1 

- Push-buttons 1 

COMPONENT WORKING ENVIRONMENT: The system components operate in 

conditioned air and in nitrogen atmosphere. 
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L61 - ENGINEERING SAFETY FEATURE ACTION SYSTEM 

This system is designed to activate the automatic reactor shut-down 

(L60). It receives the signals mesured and processed by the monitoring sy

stems that have safety functions (earthquake,neutron, primary and seconda 

ry sodium temperatures and flow, sodium levels, water and steam temperati! 

re and pressure monitoring systems). The signals are compared with thre 

sold values: if these latter are exceeded the system's "intervention logics", 

(electronic circuits) trip the reactor shut-down actuating the reactor proteo 

tion system (L60). The choice between the fast shut-down and the slow one 

is carried out by the "intervention logics" on the basis of a "majority selec

tion" with respect to the received signals. Since all the components of the 

manitoring systems, lines and of the engineering safety feature action system 

are fail safe the actuating logics have been developed on a 2 out 3 logic (i. 

e . : the system intervenes only when two intervention requests are received). 

When the reactor shut-down is activated a signal is sent to the alarm 

system. 

MAIN FUNCTIONS: 

- Compare the signals received from the safety monitoring systems with the 

thresold values. 

- Choose between the two shut-down inodes. 

- Activate the shut-down system when at least two out of three threshold 

values have been exceeded. 

- Process, by electronic components, the signals to be sent to the alarm sy_ 

stem in order to alert that the automatic reactor shut-down is in opera 

tion. 

MODE OF OPERATION: Normal, Upset, Emergency, Faulted, Hypothetical ac 

cidents. 

SYSTEM PLACEMENT: Control room and primary reactor containment. 
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MAIN INTERFACE SYSTEMS: 

- Reactor Core System (A60) 

- Control Rod Drive System (A69, A70) 

Low Voltage System (H2) 

- Alarm System (161) 

- In Core And Ex-Core Neutron Monitoring System (164) 

- Temperature Primary Sodium Core Cooling System Monitoring System (171) 

- Temperature Secondary Sodium Core Cooling System Monitoring System 

(172) 

- Temperature Steam Generator Monitoring System (173) 

- Primary Secondary Sodium Level Monitoring System (174) 

- Priamry and Secondary Sodium Flow Monitoring System (179) 

- Core Outlet Temperature Treatment Computer System 078) 

- Reactor Protection System (L60) 

MAIN COMPONENTS: SAFETY CLASS 

- Thresold (trip) circuits 1 

- Logic circuits 1 

- Relays 1 

- Electrical modules 1 

- Power feeders 1 

- Cables 1 

COMPONENT WORKING ENVIRONMENT: The system components operate in nî  

trogen atmosphere and conditioned air. 
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L62 - REACTOR POWER CONTROL SYSTEM 

The reactor power control system is designed to adjust the reactor po 

wer-level, in response to demands from the turbine-generator set or from 

the necessities of exprerience in experimental reactors. The system must al

so compensate for the power variations and imbalances produced by fuel bu 

rn-out. 

The desired power level is produced by varying the control rod posi 

tion inside the core. 

The reactor power control system also monitors the reactor power. 

MAIN FUNCTIONS: 

- Adjust the reactor power-level following power demand from the turbine-

-generator set. 

- Adjust the reactor power-level following the necessities of experiences. 

- Adjust power level following the fuel burn-out. 

- Monitor the reactor power level. 

- Adjust power by varying the control rod level. 

MODE OF OPERATION: Normal, Upset. 

SYSTEM PLACEMENT: Primary containment and control room. 

MAIN INTERFACE SYSTEMS: 

- Reactor Core System (A60) 

- Primary Sodium Core Cooling System (A61, A62) 

- Secondary Sodium Core Cooling System (A63, A64) 

- Steam Generator System (A66) 

- Control Rod Drive System (A69, A70) 

- Turbine System (F2) 

- Condensate and feedwater system (F24) 

- Low Voltage System (H2) 

- Alarm System (161) 

- Main Control Room Benchboard System (162) 
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MAIN COMPONENTS; SAFETY CLASS 

- Power feeders 2 

- Relays 2 

- Switchgears 2 

- Electrical modulues (for regulation) 2 

- Control Panels 2 

- Cables 2 

- Logic circuits 2 

COMPONENT WORKING ENVIRONMENT; The system components operate in nî  

trogen atmosphere or in conditioned air. 
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L63 - FLOW CONTROL SYSTEM 
> 

The flow control system is designed to regulate the primary and secon 

dary sodium flow and the water flow in the steam generator in order to main 

tain constant values in the inlet and outlet sodium temperatures and pressu

re values in the steam generator, in relation to reactor power. 

Sodium flow regulation is achieved by adjusting the sodium pump mo

tor speed; the water flow regulation is achieved by adjusting the water pu

mp motor speed or by regulation valves. 

The system is to monitor the feed pump motor and the sodium and wa

ter flows. ' 

MAIN FUNCTIONS: 

- Regulate the sodium flows by adjusting pump motor speeds. 

- Regulate the water flow in the steam generator by adiusting the pump mo 

tor speed or the regulation valves. 

- Monitor sodium and water flows. 

MODE OF OPERATION: Normal, Upset. 

SYSTEM PLACEMENT: Primary containment and control room building. 

MAIN INTERFACE SYSTEMS: 

- Reactor Core System (A60) 

- Reactor Vessel Equipment (A67, A68) 

- Primary Sodium Core Cooling System (A61, A62) 

- Secondary Sodium Core Cooling System (A63, A64) 

- Steam Generator (A66) 

- Condensate And Feedwater System (F24) 

- Low Voltage System (H2) 

- Alarm System (161) 

- Main Control Room Benchboard System (162) 
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MAIN COMPONENTS: SAFETY CLASS 

- Logic circuits 2 

- Power feeders 2 

- Control panels 2 

- Switchgears 2 

- Actuators 2 

- Cables 2 

COMPONENT WORKING ENVIRONMENT: The system components operate in ni_ 

trogen atmosphere or in conditioned air. 
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L64 - MAIN VESSEL ARGON PRESSURE CONTROL SYSTEM 

The system is designed to maintain the main vessel argon pressure at 

preset values; these values must be lowered in case of argon leak accident. 

The control system is operated by two (inlet and outlet) valves actua 

ted by pressure detectors located in the argon atmosphere. 

MAIN FUNCTIONS: 

- Maintain the argon pressure around a constant value. 

- Decrease the argon pressure in the case of leak accident. 

MODE OF OPERATION: Normal, Upset, Emergency. 

SYSTEM PLACEMENT: Primary containment and control room. 

MAIN INTERFACE SYSTEMS: 

- Reactor Vessel Equipment (A67, A68) 

- Reactor Core System (A60) 

- Primary Sodium Core Cooling System (A61, A62) 

- Secondary Sodium Core Cooling System (A63, A64) 

- Low Voltage System (H2) 

- Alarm System (161) 

- Reactor Protection System (L60). 

MAIN COMPONENTS: SAFETY CLASS 

- Pressure detectors 2 

- Recorders 2 

- Electronic amplifiers 2 

- Electronic preamplifiers 2 

- Indicators 2 

- Power feeders 2 

- Transducers 2 

- Cables 2 

- Relays 2 

- Switchgears 2 

COMPONENT WORKING ENVIRONMENT: The system components operate in ni 

trogen atmosphere and in conditioned air. 
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L65 - MAIN-GUARD -VESSEL NITROGEN SYSTEM PRESSURE CONTROL SY

STEM 

This system is designed to maintain a constant differential pressure be 

tween the main-guard-vessel nitrogen system and the main vessel cover gas 

system. 

The system includes three valves (two for argon inlet and one for out

let) and two pressure detectors; the valves are relay-operated directly by the 

operator. 

MAIN FUNCTIONS: 

- Maintain a constant differential pressure between the main-guard-vessel nî  

trogen system and the cover gas system in order to prevent overpressure 

and consequent stress on the main vessel. 

MODE OF OPERATION: Normal, Upset, Emergency. 

SYSTEM PLACEMENT: Primary containment and control room. 

MAIN INTERFACE SYSTEMS: 

- Main-guard Vessel Nitrogen System (C65) 

- Reactor Vessel Equipment (A67, A68) 

- Reactor Core System (A60) 

- Primary Sodium Core Cooling System (A61, A62) 

- Secondary Sodium Core Cooling System (A63, A64) 

- Low Voltage System (H2) 

- Alarm System (161) 

- Reactor Protection System (L60) 

MAIN COMPONENTS: 

- Pressure detectors 

- Recorders 

- Electronic amplifiers 

- Electronic preamplifiers 

- Indicators 

SAFETY CLASS 

2 

2 

2 

2 

2 
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- Power feeders 2 

- Transducers 2 

- Cables 2 

- Relays 2 

- Switch^eurs 2 

COMPONENT WORKING ENVIRONMENT: The system components operate in 

nitrogen atmosphere and in conditioned a i r . 
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PRIMARY CONTAINMENT 

DISCHARGE 
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MAIN-GUARD-VESSEL NYTROGEN LOOP PRESSURE REGULATING SYSTEM 
(SCHEME) 
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L66 - PRIMARY AND SECONDARY SODIUM PURITY CHECK TEMPERATURE 

CONTROL SYSTEM 

This system is designed to control the sodium temperature in the prima 

ry and secondary sodium purity check system (C61, C65). The system inclu

des an actuator relay by which the operator activates a valve to regulate the 

nitrogen flow in the sodium purity check system nitrogen cooling loop in or

der to decrease the sodium temperature in the check system. The nitrogen 

system is a branching-off of the primary and secondary sodium cold trap co

oling loop (C76 ) . 

MAIN FUNCTIONS: 

- Control the nitrogen flow in the nitrogen cooling of the primary or secon

dary sodium purity check system. 

MODE OF OPERATION: Normal, Upset, Emergency. 

SYSTEM PLACEMENT: Reactor building and control building. 

MAIN INTERFACE SYSTEMS: 

- Reactor Vessel Equipment (AG7, A68) 

- Reactor Core System (A60) 

- Primary Sodium Core Cooling System (A61, A62) 

- Secondary Sodium Core Cooling System (A63, A64) 

- Low Voltage System (H2) 

- Alarm System (161) 

- Reactor protection System (L60) 

- Primary Sodium Purity Check System (C61) 

- Secondary Sodium Purity Check System (C69) 

- Primary And Secondary Sodium Cold Trap Cooling System (C76) 

MAIN COMPONENTS: 

- Temperature detectors 

- Recorders 

- Electronic amplifiers 

SAFETY CLASS 

1/2 

1/2 

1/2 
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- Electronic preamplifiers 1/2 

- Indicators 1/2 

- Power feeders 1/2 

- Transducers 1/2 

- Cables 1/2 

- Relays 1/2 

- Switchgears 1/2 

COMPONENT WORKING ENVIRONMENT: The system components operate in nî  

t rogen atmosphere and in conditioned air. 
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L67 - CONTROL SYSTEM OF THE PRIMARY AND SECONDARY SODIUM COLD 

TRAP COOLING LOOP 

This system is designed to control the sodium temperature in the prima 

ry and secondary sodium purifying loops (C60, C68). It includes actuator 

relays by which the operator activates the valves that regulate the nitrogen 

(or organic fluid) flow in the cold trap cooling loop in order to maintain low 

sodium temperature. The sodium temperature is monitored in the control room 

by thermocouples. 

MAIN FUNCTIONS: 

- Control the nitrogen (or organic fluid) flow in the cold trap cooling loops 

in order to maintain a low sodium temperature. 

- Monitor the cold trap sodium temperature and to operate nitrogen loop vai 

ves by relays. 

MODE OF OPERATION: Normal, Upset, Emergency. 

SYSTEM PLACEMENT: Reactor building and control room building . 

MAIN INTERFACE SYSTEMS: 

- Reactor Vessel Equipment (A67, A68) 

- Reactor Core System (A60) 

- Primary Sodium Core Cooling System (A61, A62) 

- Secondary Sodium Core Cooling System (A63, A64) 

- Low Voltage System (H2) 

- Alarm System (161) 

- Reactor Protection System (L60) 

- Primary Sodium Cold Trap Cooling System (C61) 

- Secondary Sodium Cold Trap Cooling System (C69) 

- Primary Sodium Purity Check System (C76) 

MAIN COMPONENTS: 

- Temperature detectors 

- Recorders 

- Electronic amplifiers 

SAFETY CLASS 

2 

2 

2 
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- Electronic preamplifiers 2 

- Indicators 2 

- Power feeders 2 

- Transducers 2 

- Cables 2 

- Relays 2 

- Switchgears 2 

COMPONENT WORKING ENVIRONMENT: The system components operate in n | 

trogen atmosphere and in conditioned air. 
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L68 - SPENT FUEL POOL COOLING LOOP CONTROL SYSTEM 

This system is designed to maintain at constant temperature the spent 

fuel pool sodium. When necessary, the control system heats the sodium by 

supplying electrical feed to heating resistances. The electrical supply is re

lay actuated by the operator on the basis of the sodium temperatures moni

tored in the control room and measured by thermocouples. 

MAIN FUNCTIONS: 

- Maintain at constant temperature the spent fuel pool sodium. 

- Measure and monitor the sodium temperature by thermocouples. 

- Operate the relays that feed electrical power to heat sodium resistances. 

MODE OF OPERATION: Normal, Upset, Emergency. 

SYSTEM PLACEMENT: Fuel handling building, control room building. 

MAIN INTERFACE SYSTEMS: 

- Reactor Vessel Equipment (A67, A68) 

- Reactor Core System (A60) 

- Primary Sodium Core Cooling System (A61, A62) 

- Secondary Sodium Core Cooling System (A63, A64) 

- Low Voltage System (H2) 

- Alarm System (161) 

- Reactor Protection System (L60) 

MAIN COMPONENTS: 

- Temperature detectors 

- Recorders 

- Electronic amplifiers 

- Electronic preamplifiers 

- Indicators 

- Power feeders 

- Transducers 

SAFETY CLASS 

2 

2 

2 

2 

2 

2 

2 



277 

- Cables 2 

- Relays 2 

- Switchgears 2 

COMPONENT WORKING ENVIRONMENT: The system components operate in nî  

trogen atmosphere and in conditioned air. 
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L69 - AIR FLOW CONTROL SYSTEM IN THE SODIUM-AIR HEAT EXCHANGERS 

This system is designed to regulate the air flow in the sodium-air he

at exchangers in order to maintain constant or predeterminate values in secon 

dary sodium temperatures. 

The air regulation is achieved by directy acting on the electrical feed 

(on or out) of the fan electrical motors, or by adjusting the position of the 

fan blades and of the lowver boards at the entry of the fan caisson. 

The electrical feed of the motors may be taken off only after reactor 

shut-down. 

MAIN FUNCTIONS: 

- Maintain constant temperature in the secondary sodium. 

- Avoid sodium freezing after core reactor shut-down. 

MODE OF OPERATION: Normal, Upset, Emergency. 

SYSTEM PLACEMENT: Secondary sodium building. 

MAIN INTERFACE SYSTEMS: 

- Reactor Core System (A60) 

- Primary Sodium Core Cooling System (A61, A62) 

- Secondary Sodium Core Cooling System (A63, A64) 

- Heat Transfer System To Air (A65) 

- Residual Heat Removal System (B65) 

- Main Control Room Benchboard System (162) 

- Reactor Protection System (L60) 

- Engineering Safety Feature Action System (L61) 

- Reactor Power Control System (L62) 

- Medium Voltage System (HI) 

- Low Voltage System (H2) 
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MAIN COMPONENTS: 

- Lopic circuits 

- Power feeders 

- Control panels 

- Switchgears 

- Actuators 

- Cables 

- Indicators 

- Electronic amplifiers 

- Cables 

- Relays 

SAFETY CLASS 

1/2 

1/2 

1/2 

1/2 

1/2 

1/2 

1/2 

1/2 

1/2 

1/2 

COMPONENT WORKING ENVIRONMENT: Sodium building- and control room bui^ 

lding. 
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M - PLANT BUILDING IIVAC SYSTEMS 

Mil - REACTOR AUXILIARY BUILDING HVAC SYSTEM 

M12 - CONTROL ROOM BUILDING HVAC SYSTEM 

M14 - EMERGENCY DIESEL GENERATOR BUILDING HVAC SYSTEM 

M15 - RADWASTE BUILDING HVAC SYSTEM 

M16 - SOLID WASTE STORAGE HVAC SYSTEM 

M17 - ESF VAULTS HVAC SYSTEM 

M18 - CONTROLLED AREA SERVICE BUILDING HVAC SYSTEM 

M20 - MAIN PIPE CHASE HVAC SYSTEM 

M21 - INTERBUILDING CORRIDORS AND TUNNELS HVAC SYSTEM 

M23 - PLANT STACK AND VENT AIR DISCHARGE SYSTEM 

M24 - TURBINE BUILDING HVAC SYSTEM 

M26 - NON-ESSENTIAL SWITCHGEAR BUILDING HVAC SYSTEM 

M27 - GENERAL SERVICE BUILDING HVAC SYSTEM 

M28 - CIRCULATING WATER PUMPING STATION HVAC SYSTEM 

M29 - CIRCULATING WATER TREATMENT BUILDING HVAC SYSTEM 

M60 - PRIMARY CONTAINMENT VENTILATION SYSTEM 

M61 - REACTOR BUILDING VENTILATION SYSTEM 

M62 - ACTIVE SODIUM ROOM VENTILATION SYSTEM 

M63 - SECONDARY SODIUM AND STEAM GENERATOR BUILDING VEN 

TILATION SYSTEM 

M64 - FUEL HANDLING BUILDING VENTILATION SYSTEM 
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M60 - PRIMARY CONTAINMENT VENTILATION SYSTEM 

The system is designed to maintain a constant temperature and pressu 

re and to eliminate any contamination in the atmosphere of the reactor prima

ry containment (B60) . The atmosphere is normally air or nitrogen in some re 

actors. The circulating gas comes from the main pumping system and is sent 

to filters after having passed through the primary containment. The inlei and 

outlet pipes of the loop have automatic valves which, if closed, isolate the con 

tainment system. When there are high contamination or pressure values deri

ving from a severe accident, the valves are automatically closed and the con

tainment system is isolated. 

MAIN FUNCTIONS: 

- Maintain constant temperature, pressure and contamination values in the at 

mosphere of the primary containment system. 

- Isolate the containment system when the pressure or contamination monito

ring system detects high values in the measured paramaters. 

MODE OF OPERATION: Normal, Upset, Emergency, Faulted, Hypothetical ac

cident. 

SYSTEM PLACEMENT: Reactor building. 

MAIN INTERFACE SYSTEMS: 

- Primary Reactor Containment System (B60) 

- Secondary Reactor Containment System (B61) 

- Medium Voltage System (HI) 

- Low Voltage System (H2) 

- Controlled Atmosphere Monitoring Systems (181) 

- Preheated Water Distribution System (N64) 
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MAIN COMPONENTS: SAFETY CLASS 

- Pipes 

- Fans 

- Motors 

- Blowers 

- Filters 

- Valves 

- Safety valves 

- Heat exchangers 

- Cables 

- Switchers 

- Ralays 

- Instrumentation 

- Filters retaining activated products 

COMPONENT WORKING ENVIRONMENT: The system components operate in air 

or nitrogen. 

1/2 

1/2 

1/2 

1/2 

1/2 

1/2 

1/2 

1/2 

1/2 

1/2 

1/2 

1/2 

1/2 
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M61 - REACTOR BUILDING VENTILATION SYSTEM 

The reactor building ventilation system is designed to maintain con

stant p r e s s u r e and temperature values and to eliminate any contamination in 

the air const i tut ing the reactor building atmosphere. It consists of two inde

pendent loops, each including an air pumping and conditioning station andfil_ 

t e r s to retain activated p roduc t s : the main loop ex t rac t s the air from all the 

reactor building rooms; the auxiliary one ex t rac t s the air from the filter and 

activated sodium rooms. 

As explained below, the system must also operate in the case of very 

severe accidents switching to another operat ing mode. 

MAIN FUNCTIONS: 

During normal reactor operation and in case of accidents with low contamina

tion: 

- Maintain a low depression in the reactor building atmosphere with respect 

to the external atmosphere. 

- In special normal operating conditions to maintain a p ressure diflerence a-

mong the rooms consti tuting the reactor building. 

During accidents with high contamination, the main loop pumping s ta

tion is stopped and only the auxiliary one continues to operate : it must extra 

ct the air from the filter room and if the detectors monitoring the activity in 

the outlet pipes display a hiph activi ty, all the containment atmosphere will be 

isolated and any extracted air is discharged in suitable gaseous wastes. 

MODE OF OPERATION: Normal, Upset, Emergency, Faulted, Hypothetical ac 

c idents . 

SYSTEM PLACEMENT: Reactor building, auxiliary reactor bui ldings. 

MAIN «NTERFACE SYSTEMS: 

- Secondary Containment System (B6U 

- Gaseous Radioactive Waste System (E62) 

- Medium Voltage System (HI) 

- Low Voltage System (H2) 
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- Controlled Atmosphere Monitoring System (181) 

- Pretreated Water Distribution System (N64) 

- Reactor Building (O60) 

MAIN COMPONENTS: SAFETY CLASS 

-

-

-

-

-

-

- ' 

-

-

-

-

-

-

Pipes 

Fans 

Motors 

Blowers 

Filters 

Valves 

Safety Valves 

Heat exchangers 

Cables 

Switchers 

Ralays 

Instrumentation 

Filters retaining activated products 

2/3 

2/3 

2/3 

2/3 

2/3 

2/3 

2/3 

2/3 

2/3 

2/3 

2/3 

2/3 

2/3 

COMPONENT WORKING ENVIRONMENT: The system components operate in air . 
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M62 - ACTIVE SODIUM ROOM VENTILATION SYSTEM 

This system is designed to maintain constant temperature and pressu

re values in the reactor building rooms housing systemsoperating in active so 

dium. The gas atmosphere is nitrogen maintained in depressure with respect 

to the containment building atmosphe're. 

The system includes a gas pumping and excraction station and cooling 

batteries; the exctracted gas, after having passed through filters, is directly 

discharged to the external atmosphere if there is no contamination. 

MAIN FUNCTIONS: 

- Maintain a depressurized nitrogen atmosphere in the activated sodium rooms. 

- Remove the heat produced by the components contained in the activated so 

dium rooms. 

- Purify the nitrogen gas before its discharge into the external atmosphere. 

MODE OF OPERATION: Normal, Upset, Emergency, Faulted. 

SYSTEM PLACEMENT: Reactor building and auxiliary building. 

MAIN INTERFACE SYSTEMS: 

- Primary Sodium Core Cooling System (A61, A62) 

- Reactor Vessel Equipment (A67, A68) 

- Control Rod Drive System (A69, A70) 

- Refueling Plug Rotation System (A71) 

- Primary Reactor Containment System (B60) 

- Residual Heat Removal System (B65) 

- Gaseous Radioactive System (B64) 

- Primary Sodium Auxiliary Systems(C60, C61, C62, C63, C64) 

- Primary Sodium Cover Gas System (C66) 

- Low Voltage System (H2) 

- Medium Voltage System (III) 

- Pretreated Water Distribution System (N64) 
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MAIN COMPONENTS: 

- Pipes 

- Fans 

- Motors 

- Blowers 

- Filters 

- Valves 

- Safety Valves 

Heat exchangers 

- Cables 

- Switchers 

- Ralays 

- Instrumentation 

- Filters retaining activated products 

SAFE 1Y CLASS 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

COMPONENT WORKING ENVIRONMENT: The system components operate in ni_ 

trogen gas . 
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M63 - SECONDARY SODIUM AND STEAM GENERATOR BUILDING VENTILA

TION SYSTEM 

The secondary sodium and steam generator building ventilation system 

is designed to maintain constant temperature and humidity in the air constitu 

ting the secondary building atmosphere. It consists of independent loops, ea 

ch including an air pumping and conditioning station. 

The system must also operate in case of severe accidents such as so

dium-water interaction contributing to limit the consequences and the pollution 

generated by the accidents. 

MAIN FUNCTIONS: 

During normal reactor operation : 

- Maintain a constant temperature and humidity in the air of the secondary 

sodium and steam generator building. 

During accidents: 

- Limit the consequence and the pollution geneiated by the accidents . 

MODE OF OPERATION: Normal, Upset, Emergency, Faulted 

SYSTEM PLACEMENT: Secondary Sodium and Steam generator building. 

MAIN INTERFACE SYSTEMS: 

- Secondary Sodium Core Cooling System (A63, A64) 

- Steam Generator System (A66) 

- Secondary Sodium And Steam Generating Containment (B62) 

- Pressure Rilief System (B68) 

- Sodium-Water Splitting System (B69) 

- Secondary Sodium Auxiliary Systems (C68, C69, C70, C71) 

- Medium Voltage System (HI) 

- Low Voltage System (H2) 

- Demineralized Water Production And Distribution System (N63) 

- Pretreated Water Distribution System (N64) 

- Secondary Sodium And Steam Generator Building (062) 
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MAIN COMPONENTS: SAFETY CLASS 

- Pipes 2 

- Fans 2 

- Motors 2 

- Blowers 2 

- Filters 2 

- Valves 2 

- Safety valves 2 

- Heat exchangers 2 

- Cables 2 

- Switchers 2 

- Ralays 2 

- Instrumentation 2 

- Filters retaining activated products 2 

COMPONENT WORKING ENVIRONMENT: the system components operate in air. 
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M64 - FUEL HANDLING BUILDING VENTILATION SYSTEM 

This system is designed to maintain a constant pressure and tempera

ture in the air of the handling building and to purify the exctracted air be

fore its discharge into the external atmosphere. It consists of a pumping and 

extraction station and filters to purify the air. After filtration, if the air is 

not contaminated it is directly discharged into the external atmosphere by the 

reactor stack. 

MAIN FUNCTIONS: 

- Maintain constant temperature, pressure and contamination values in the at 

mosphere of the fuel handling building. 

- Isolate the handling building containment system when the pressure or con 

tamination monitoring system detects high values in the measured parame

ters. 

MODE OF OPERATION: Normal, Upset, Emergency, Faulted, Hypothetical ac

cident . 

SYSTEM PLACEMENT: Fuel storage and handling equipment. 

MAIN INTERFACE SYSTEMS: 

- Fuel Handling Containment System (B64) 

- Fuel Storage And Handling System (D60) 

- Gaseous Radioactive Waste System (E62) 

- Medium Voltage System (HI) 

- Low Voltage System (H2) 

- Pretreated Water Distribution System (N64) 

- Fuel Storage And Handling Equipment (061) 
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NATIONAL BUREAU OF STANDARDS 
STANDARD RET-ERFNCE MATERIAL 1010a 

(ANSI and ISO TEST CHART No Z) 
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MAIN COMPONENTS: SAFETY CLASS 

- Pipes 2 

- Fans 2 

- Motors 2 

- Blowers 2 

- Filters 2 

- Valves 2 

- Safety Valves * 2 

- Heat exchangers 2 

- Cables 2 

- Switchers 2 

- Ralays 2 

- Instrumentation 2 

- Filters retaining products 2 

COMPONENT WORKING ENVIRONMENT: The system components operate in air. 
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N - SERVICE AUXILIARY SYSTEMS 

N2 - BALANCE OF PLANT (BOP) COOLING SYSTEM 

N3 - CHILLED WATER SYSTEM 

N10 - NON-RADIOACTIVE WASTE TREATEMENT SYSTEM 

N i l - SERVICE AND INSTRUMENT COMPRESSED AIR SYSTEM 

N12 DISTILLED WATER SYSTEM 

N15 - BALANCE OF PLANT (BOP) FIRE FIGHTING SYSTEM 

N16 - SERVICE EQUIPMENT SYSTEM 

N17 - WELDING, BREATHING, LABORATORY GAS SYSTEM 

N18 - TRANSFORMER INSULATING OIL SYSTEM 

N19 - LUBE OIL STORAGE SYSTEM 

N60 - CIRCULATING WATER PUMPING STATION AND LOOP 

N61 - RAW WATER SYSTEM 

N62 - INDUSTRIAL WATER SYSTEM 

N63 - DEMINERALIZED WATER PRODUCTION AND DISTRIBUTION 

SYSTEM 

N64 - PRETREATED WATER DISTRIBUTION SYSTEM 

N65 - STEAM PREHEATING SYSTEM 

N66 - HYDROGEN AND CARBONIC GAS SYSTEM 

N67 - STOCKAGE SYSTEM 
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N60 - CIRCULATING WATER PUMPING STATION AhD LOOP 

This system is designed to draw water from a basin and convey it to 

the various reactor users. The system includes the pipes and pumps to draw 

the water. It is divided in two main lines: one, including filters, pumps etc. 

for the conveying of filtered water, the other for the conveying of raw wa

ter. 

The system also includes the loop to cool the condenser and certain me 

chines among which the oil loop of the turboaiternator. After the cooling the 

water is directly conveyed to the original water basin. 

MAIN FUNCTIONS: 

- Draw water from a main basin. 

- Filter and to convey the drawn water to the reactor. 

- Convey raw water directly to the reactor. 

- Cool some components and machines such as the condenser of the vapour 

generator and the oil loop of the turboaiternator. 

MODE OF OPERATION: Normal, Upset, Emergency, Faulted, Hypothetical ac

cident . 

SYSTEM PLACEMENT: Water building. 

MAIN INTERFACE SYSTEMS: 

- Various Plant Systems. 

MAIN COMPONENTS: 

- Pipes 

- Pumps 

- Mot or 8 

- Valves 

- Filters 

- Electrical heaters 

- Instrumentation 

COMPONENT WORKING ENVIRONMENT: The system 

SAFETY CLASS 

3/4 

3/4 

3/4 

3/4 

3/4 

3/4 

3/4 

components operate in wa 

ter. 
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N61 - RAW WATER SYSTEM 

The raw water system is designed to cool the following reactor auxilia 

ry loops: 

- Ultimate vessel cooling system. 

- Cold trap nitrogen cooling loop. 

- Secondary reactor shield cooling loop. 

- Diesel motors. 

- Other machines and motors 

The system also recovers and conveys to the original water basin some 

non-activate affluents and condensed vapours coming from some reactor buil

dings. 

MAIN FUNCTIONS: 

-- Cool some nuclear auxiliary loops. 

- Cool some non-activate motors and machines. 

- Convey some non-activate affluents to the original water basin. 

MAODE OF OPERATION: Normal, Upset, Emergency, Faulted, Hypothetical ac 

cidents. 

SYSTEM PLACEMENT: Water building. 

MAIN INTERFACE SYSTEMS: 

- Various Plant Systems. 

MAIN COMPONENTS: SAFETY CLASS 

- Pipes 3 

- Valves 3 

- Pumps 3 

- Heat exchangers 2 

- Motors 2 

- Electrical heaters 2 

COMPONENT WORKING ENVIRONMENT: The system components operate in raw 

water. 
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N62 - INDUSTRIAL WATER SYSTEM 

The industrial water system is fed by a central aqueduct tank, sati

sfies personnel demands and water to the demineralized water station, to the 

fire protection system and to some special cooling systems (electrical conta

iners, diesel heat-exchangers). 

In exceptional conditions, the system may feed the ultimate vessel co

oling loop and the organic liquid cooling lcop. 

MAIN FUNCTIONS: 

- Supply potable water for the reactor personnel needs 

- Supply water to the demineralized water station and to the fire protection 

sy tern. 

- In exceptional conditions, carry out the functions normally performed by 

the raw water and deminiralized water systems. 

MODE OF OPERATION: Normal, Upset, Emergency, Faulted, Hypothetical ac 

cident. 

SYSTEM PLACEMENT: Water building. 

MAIN INTERFACE SYSTEMS: 

- Various Plant Systems. 

MAIN COMPONENTS: SAFETY CLASS 

- Pipes 3/4 

- Valves 3/4 

- Pumps 3/4 

- Heat exchangers 3/4 

- Motors 3/4 

- Electrical heaters 3/4 

COMPONENT WORKING ENVIRONMENT: The system components operate in wa 

ter. 
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N63 - DEMINERALIZED WATER PRODUCTION AND DISTRIBUTION SYSTEM 

This system produces demineralized water and conveys it to the "wa

ter building" for the filter washing, to the handling building to wcsh the ir 

radiated assembly rooms, to the reactor building to feed and to cool the pre 

treated water system and to the steam generator building to perform many im 

portant functions. 

MAIN FUNCTIONS: 

- Produce demineralized water. 

- Convey the demineralized water to the above listed systems. 

MODE OF OPERATION: Normal, Upset, Emergency. 

SYSTEM PLACEMENT: Water building. 

MAIN INTERFACE SYSTEMS: 

- Various Plant Systems. 

MAIN COMPONENTS: 

- Ion exchangers 

- Pipes 

- Valves 

- Pumps 

- Heat exchangers 

- Motors 

- Electrical heaters 

SAFETY CLASS 

3 

3 

3 

3 

3 

3 

3 

COMPONENT WORKING ENVIRONMENT: The system components operate in wa 

ter. 
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N64 - PRETREATED WATER DISTRIBUTION SYSTEM 

This system is fed by the demineralized water system CI63); it sup

plies the filtered water necessary to cool the following systems: 

- Primary sodium pump motors. 

- Steam condenser. 

- Some argon instruments. 

- Organic liquid heat exchangers (cold traps) . 

- Automatic air conditioner condenser. 

The system pumps are electrically fed even in case of loss of electrical sug 

ply. 

MAIN FUNCTIONS: 

- Filter water. 

- Convey filtered water necessary to cool the above listed systems. 

MODE OF OPERATION: Normal, Upset, Emergency. 

SYSTEM PLACEMENT: Water building; 

MAIN INTERFACE SYSTEMS: 

- Various Plant Systems. 

MAIN COMPONENTS: 

- Pipes 

- Valves 

- Pumps 

- Heat exchangers 

- Motors 

- Electrical heaters 

COMPONENT WORKING ENVIRONMENT: The system components operate in wa 

ter. 

SAFETY CLASS 

3 

3 

3 

3 

3 

3 
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N65 - STEAM PREHEATING SYSTEM 

This loop is designed to preheat some reactor components and systema 

It includes a boiler to produce steam, the steam distribution tank, the lines 

and the related recovery system. 

MAIN FUNCTIONS: 

- Produce vapour. 

- Distribute the vapour. 

- Preheate the following components: 

- Auxiliary sodium s tor ape tanks. 

- Steam generator 
- Oil preheating loops (see fresh sodium transfer and receiving system). 

MODE OF OPERATION: Normal, Upset, Emergency. 

SYSTEM PLACEMENT: Auxiliary buildings. 

MAIN INTERFACE SYSTEMS: 

- Steam Generator System (A66) 

- Primary Sodium Draining System (C62) 

- Secondary Sodium Draining System (C71) 

- Fresh Sodium Transfer And Receiving System (C83) 

- Sodium Storage And Distribution System (C84) 

- Medium Voltage System (HI) 

MAIN COMPONENTS: SAFETY CLASS 

- Boiler 3 

- Distribution tank 3 

- Pipes 3 

- Recovery tank 3 

- Valves 3 

COMPONENTS WORKING ENVIRONMENT: The system components operate in so 

dium. 
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N66 - HYDROGEN AND CO„ SYSTEM 

The hydrogen and CO system cools the electrical alternator. It consi^ 

sts of the following two parts: 

- Hydrogen loop (inside the machine). 

- CO loop (outside the machine). 

MAIN FUNCTIONS: 

- Fill and void the alternator for the CO cleaning. 
ù 

- Control hydrogen pressure. 

- Purify the hydrogen. 

- Prevent the formation of an explosive mixture (hydrogne-air). 

- Monitor hydrogen pressure, temperature, etc. 

- Draw hydrogen for analysis. 

MODE OF OPERATION: Normal, Upset. 

SYSTEM PLACEMENT: Electrical buildings. 

MAIN INTERFACE SYSTEMS; 

- Electrical alternator. 

MAIN COMPONENTS: SAFETY CLASS 

- Pipes 3 

- Hydrogen bottles 3 

- CO, bottles 3 

- Blowers 3 

- Fans 3 

- Valves 3 

- Filters 3 

- Heat-exchangers 3 

- Instrumentation 3 

COMPONENT WORKING ENVIRONMENT: The system components operate in CO. 

gas or hydrogen. 
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N67 - STOCKAGE SYSTEM 

This system includes the storage tanks and distribution system of che 

mical products used in reactor operation. 

The products are: 

- Soda 

- Ammonia 

- Hydrazine 

- Iodine phosphate. 

The above listed products are used to condition the steam-water loop, 

the treated water loop, etc. 

MAIN FUNCTIONS: 

- Store and distribute the above listed products. 

MODE OF OPERATION : Normal, Upset. 

SYSTEM PLACEMENT: Auxiliary buildings. 

MAIN INTERFACE SYSTEMS: 

- Various Plant Systems 

MAIN COMPONENTS: SAFETY CLASS 

- Pipes 3/4 

- Tanks 3/4 

- Pumps 3/4 

- Valves 3/4 

- Instrumentation 3/4 

COMPONENT WORKING ENVIRONMENT: The system components operate in the 

above listed chemical products. 
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O - STRUCTURAL SYSTEMS 

060 - REACTOR BUILDING 

061 - FUEL STORAGE AND HANDLING EQUIPMENT 

0 6 2 - STEAM GENERATOR AND SECONDARY SODIUM BUILDING 

063 - AUXILIARY NUCLEAR SYSTEM BUILDING 

064 - MACHINE BUILDING 

065 - ELECTRICAL BUILDINDS 

066 - PUMP STATION BUILDING 

067 - EMERGENCY DIESEL GENERATOR BUILDING 

0 6 8 - STORAGE BUILDING 

069 - CONTROL ROOM AND ANNEXED BUILDINGS 

070 - SOLID WASTE STORAGE STRUCTURE 

0 7 1 - GASEOUS WASTE STORAGE BUILDING 

072 - RADWASTE TREATMENT BUILDING AND TANK FARM 

0 7 3 - WORKSHOP BUILDING 

C74 - GALLERIES 

074 - CAST 
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060 - REACTOR BUILDING 

The building, essentially consisting of the secondary containment (B61), 

is a reinforced concrete structure, supported on a reinforced concrete foun

dation mat. It houses the reactor core, the reactor vessel equipment, the pri_ 

mary containment, the primary sodium auxiliary system, a part of the secon

dary sod?um core cooling loop (the linking pipes of the sodium - sodium heat 

exchangers and of the steam generators). 

061 - FUEL STORAGE AND HANDLING EQUIPMENT 

The fuel storage and handling equipment is a reinforced concrete struc 

ture supported on a reinforced concrete mat, housing the new fuel vault, the 

spent fuel storage pool, the pool auxiliary systems, the cask loading pooi, the 

refueling channels and wells, the refueling path and some special handling sy 

stems. In some fast reactors the handling building and the reactor building 

are totally connected in a single building. 

0€2 - STEAM GENERATOR AND SECONDARY SODIUM BUILDING 

There is a totally separated building for each steam generator system. 

Each building is a reinforced concrete structure, supported on a reinforced 

concrete mat, housing the secondary sodium core cooling loops, the linked se

condary sodium core cooling loop auxiliary systems (including sodium storage), 

the steam generators , and the linked water and auxiliary loops, the deccy he 

at removal system sodium-air heat exchangers; in fast reactors not producing 

electrical power the building houses the heat to air transfer system. 

063 - AUXILIARY NUCLEAR SYSTEM BUILDING 

The auxiliary nuclear system buildings are a reinforced concrete struc 

ture in the lower part and a metallic structure in the upper one. The buil̂  

dings are joined to the reactor building and to the steam generator building». 

An annular area is situated between the reactor building and the auxiliary bu 

ildings; it houses many S'"?TI or water pipes from and to the steam generators 

electrical cables, etc. . 
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They house the demin^ralized water system, the steam preheating system, the 

electrical feeders (with the linked control systems) of the primary sodium pum 

ps, the organic liquid distribution system, the conditioned air system of the 

reactor and fuel handling buildings and the motor-car room. 

064 - MACHINE BUILDING 

The turbine building is of reinforced concrete. It houses the turbines, 

the turbo-generators and the linked preheating, cooling and washing loops. 

065 - ELECTRICAL BUILDINGS 

The electrical building is directly joined to the machine building and is 

of reinforced concrete. It houses the electrical systems which supply electrical 

power to all the reactor components (pump motors, control systems, etc). 

There are two separate buildings: one for electrical components which must al̂  

ways be supplied and one for the others. 

066 - PUMPING STATION BUILDING 

The pumping station is of reinforced concrete and houses all the compo 

nents of the raw water system ar d the pumping station (N60, N61). 

067 - EMERGENCY DIESEL GENERATOR BUILDING 

The Emergency Diesel Generator Buildings are reinforced concrete struc 

tures supported on a reinforced concrete mat, housing one or more diesel gene 

rators, their auxiliaries and fuel tanks; when housing more than one diesel ge 

nerator, each one is located in a separate room. 

Usually two buildings for each unit are provided. 

068 - 8T0RAGE BUILDING 

This building, consisting of a standard structure, houses the sodium 

storage tanks, the nitrogen and argon etorage tanks, the oil fuel. 
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069 - CONTROL ROOM BUILDING 

The control room building is a reinforced concrete structure, suppor

ted on a reinforced concrete mat, housing the main control room, the compu

ters, the essential switchgears, batteries, battery chargers and inverters 

and cable-spreeding rooms. 

070 - SOLID WASTE STORAGE STRUCTURE 

The Solid Waste Storage Structure is a reinforced concrete structure 

supported on a reinforced concrete mat, housing drums containing solid radio 

active wastes. 

071 - GASEOUS WASTE STORAGE BUILDING 

The gaseous waste storage building is a reinforced concrete structure 

supported on a reinforced concrete mat, housing some purifying gas loops and 

the reinforced lanks containing the decaying gas before discharge by the stack. 

072 - RADWASTE TREATMENT BUILDING À.ID TANK FARM 

The Radwaste Treatment Building Tank Farm is a reinforced concrete 

structure supported on a reinforced concrete mat, with interior reinforced con 

crete shielding for radiation protection. 

The structure houses the liquid and solid waste processing with the 

holdup tanks. 

0 7 3 - WORK SHOP BUILDING 

In some reactors there is a workshop building housing the workshops 

in which reactor component maintenance and repair are carried out. It is a 

standard building divided into three main complements: one for the mechanic 

cai components, one for the electrical components and the third for the elec

tronic components. 
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