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ABSTRACT:  Uranium Corporation of India 
Limited is having a continuous contribution 
towards fulfilling the nuclear fuel need of our 
nation. It relates to clean & green 
technological energy production. Presently, 
UCIL is celebrating its 50th Golden Jubilee 
Anniversary. Major ore reserves are situated 
at Kadapa district, Andhra Pradesh that rests 
on alkali leaching.  
Many chemical processes are in mineral 
processing of uranium ore ex; crushing, 
grinding, dewatering, neutral filtration, alkali 
leaching, steam generation, leach filtration, 
clarification, product precipitation, ETP, SSR, 
lime handling etc. Dust extraction and dust 
suppression system plays a vital role in 
maintaining proper feasible environmental in 
and around project premises ex: bag filters, 
ventilation system, chimney, air scrubber etc. 
Detailed study was done for various stack 
monitoring points of Tummalapalle Mill and 
reports generated. Sampling and analysis 
were carried out as per IS: 11255. All 
emissions were meeting the standards 
specified as per CPCB/MoEF norms. Analysis 
Laboratory is approved by MoEF, OHSAS 
18001 and ISO 9001. Necessary actions were 
taken by the Tummalapalle engineering and 
management team to maintain the limitations 
under control and further reduce it by various 
engineering modifications and improvements 
which will be discussed in this paper. 
Keywords: Uranium, Safety, Tummalapalle, 
Uranium Corporation of India Limited, 
Particulate Matter. 

NOMENCLATURE: ETP �± Effluent 
Treatment Plant, SSR �± Sodium Sulfate 
Recovery Unit, CPCB �± Central Pollution 
Control Board, MoEF �± Ministry of 
Environment, Forest and Climate Change, 
OHSAS �± Occupational Health & Safety 
Assessment Series, IS �± Indian Standards, ISO 
- International Organization for 

Standardization, LDO �± Light Diesel Oil, 
MRSS �± Main Receiving Sub Station, DG �± 
Diesel Generator, HC �± Hydrocarbon, APCM 
�± Air Pollution Control Device, PLC - 
Programmable Logic Controller, SDU �± 
Sodium Diuranate, HEPA �± High Efficiency 
Particulate Air, WHO - World Health 
Organization, DE �± Dust Extraction, ROM �± 
Run of Mines, ID �± Induced Draught, FD �± 
Forced Draught, TMPL �± Tummalaplle, PPE 
�± Personal Protective Equipment, HPU �± 
Health Physics Unit, PEP �± Post Exposure 
Prophylaxis. 

INTRODUCTION:  This paper deals with air 
quality monitoring and effective actions; 
1. To determine the quality and quantity of air 
pollutants emitted by the source. 
2. To measure effectiveness of pollutant 
controller equipment before and after 
installation for given conditions. 
3. To compare results with emission standards 
to take required action. 
4. To compare changes in emission with the 
changes in processes or raw materials. 
5. Case study for emission data of air quality 
at various sections of Tummalapalle Mill. 
Graph 1 represents survey data of air pollution 
causes in India; 
 

 
Graph 1. Causes of Air Pollution in India 

1.1 Air Quality Monitoring: Stack is a 
structure for venting hot flue gases or smoke 
from a boiler, stove, furnace, and fireplace to 
the outside atmosphere. These are vertical to 
ensure that the gases flow smoothly through 
them. 

1.2 Stack Height Calculation: It contributes 
to determination of dispersion of pollutants in 
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the upper level of air relevant to local building 
height.  
As per CPCB guidelines,  
Chimney / Boiler/ Stack Height Calculation 
Formula, H = h + 0.2 *  �¥�.�9�$, where,  
H = Total height of stack in meter, 
h = Height of the building in meters where the 
generator set is installed, 
KVA = Total generator capacity of the set in 
KVA. Figure 1 represents stack monitoring 
sampling condition in Tummalapalle Mill as 
per CPCB Guidelines. 
 

 
Figure 1. Stack monitoring sampling 

1.3 Gaussian plume model: 
It assumes that air pollution dispersion has 
Gaussian distribution. It is used for predicting 
the dispersion of continuous, buoyant air 
pollution plumes originating from ground level 
or elevated sources. It is also used for 
predicting the dispersion of non continuous air 
pollution plumes (refer figure 2). 
The primary algorithm used in Gaussian 
modeling is the generalized dispersion 
equation for a continuous point source plume. 
Not applicable to regional scales, complex 
terrain, convective condition and ground based 
sources. 
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C(x,y,z) = mean concentration of diffusing 
substance at a point (x,y,z) [g/m3], 
x = downwind distance in [m], 
y = crosswind distance in [m], 
z = vertical distance above ground [m], 
Q = contaminant emission rate [g/s], 
�1��� ���O�D�W�H�U�D�O���G�L�V�S�H�U�V�L�R�Q���F�R�H�I�I�L�F�L�H�Q�W���I�X�Q�F�W�L�R�Q���>�P�@�� 
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�Ì��� ���P�H�D�Q���Z�L�Q�G���Y�H�O�R�F�L�W�\���L�Q���G�R�Z�Q�Z�L�Q�G���G�L�U�H�F�W�L�R�Q��
[m], 
H = effective stack height [m] 

 
Figure 2. Gaussian Plume Model (GPM) 

1.4 Air quality monitoring parameters: 
Samples of exhaust gases/stack were collected 
for various sections of Tummalapalle Mill 
during running condition at different pressure 
and temperatures. Particulate matter values for 
mentioned sections were noted down (Table 1) 

Sl. 
No. 

Stack 
Details 

Fuel 
used 

Stack 
Gas Pr. 

Particulate 
Matter 

mm(Hg) mg/Nm3 

1 
Boiler 
(15 MT) LDO 749.3 48.4 

2 DG Set 1 Diesel 751.1 46.4 

3 Autoclave Power 750.1 48.8 

4 Mill House Power 748.4 51.8 

5 
Lime House 
(Left) Power 748.5 96.6 

Table 1. Considered parameters and results for 
air quality monitoring 

1.5 Case study of air quality at various 
sections of Tummalapalle Mill: Case study 
was done for data analysis of air quality 
between 2018 to 2019. Parameters were 
analyzed for various sections of Tummalapalle 
Mill (refer table 2). Continuous decrease can 
be analyzed from 2018 to 2019 which never 
crossed prescribed limits of Central Pollution 
Control Board. 

TMPL Mill 
Area 

Particulate Matter (mg/Nm3) 
3/6/1

8 
6/14/
18 

9/12/
18 

12/30/
18 

2/15/
19 

CPCB 
Limits 

Mill House 
99.7

7 
98.41 82.31 80.48 76.59 150 

Boiler (15 
MT) 

115.
23 

104.8
2 98.78 97.16 89.87 150 

Screen 
House 

110.
28 

112.5
4 

102.9
3 

104.2
5 

99.83 150 

DG-I 
49.5

6 
47.86 42.32 40.36 38.67 75 

DG-II  
53.4

1 51.82 46.53 43.26 39.62 75 

DG-III 
57.3

0 
52.37 47.53 46.24 38.68 75 

Table 2. Air Quality Analysis Table of 
Tummalapalle Mill 
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1.6 Air quality monitoring at Mill House:  
Mill house is one of the main sections of 
Tummalapalle uranium processing plant where 
three stages crushing of ore takes place inside 
primary crushing building (PCB) and fine 
crushing building (FCB). Value of particulate 
matter decreased from 99.77 mg/Nm3 to 76.59 
mg/Nm3 (refer graph 2) during 2018 to 2019. 
Continuous actions and engineering initiatives 
were taken for emission control. (refer para no 
1.11 & 1.12). 

 

Graph 2. Stack Emission Analysis of Mill House 

1.7 Air quality monitoring at Boiler House: 
Graph 3 denotes flue gas analysis of boilers 
used in Tummalapalle Mill. Total three oil 
fired boilers of 15 MT each capacity are in line, 
out of which two are in running stage and one 
in standby stage. Case study of emission data 
represents continuous decrease in particulate 
matter from 115.23 mg/Nm3 to 89.87 
mg/Nm3 during 2018 to 2019. 

 

Graph 3. Stack Emission Analysis of Boiler 
(2018-2019) 

1.8 Air quality monitoring at MRSS:  Main 
receiving substation contains three Diesel 
Generators I, II & III for emergency power. 
Various initiatives were taken by 
Tummalapalle Mill engineering team (refer 
para no 1.11 & 1.12) to control/reduce 
emission of particulate matter. Continuous 
decrement was observed from 2018 to 2019 in 
emission of particulate matter from Diesel 
Generators I, II & III (refer graph 4). All 
values were under prescribed limits of CPCB 
(max 75mg/Nm3). 
 

 

Graph 4. Particulate Matter Analysis of Diesel 
Generators (2018-2019) 

1.9 Analysis of toxic gases: Analysis of 
various toxic gases was done for Boiler House 
& Diesel Generator Sections. It represents 
effectiveness of air quality monitoring at 
Tummalapalle Project. All values are under 
prescribed limits of regulatory boards (refer 
table 3). 
 

Sl. 
No
. 

Stack 
Details 

SO2 
NO

X 
C
O 

CO2 O2 
New 

Metha
ne HC 

mg/
Nm3 

pp
m 

mg
/N
m3 

mg/
Nm3 % 

Mg 
/Nm3 

1 
Boiler 
(15 
MT) 

54 83 5.8 1.9 12.5 0 

2 
DG Set 
1 32 247 

12
2 5 16.3 9 

Table 3. Monitoring of Air Pollutants 

1.10 Effects of Air Pollution: 
Air pollution causes wide range on side effects 
not only on environment but also on the 
various organisms dwelling in that 
environment. Some of those side effects have 
been summed up below; 
1. Enhanced ageing of lungs along with 
damage of lung capacity along with short term 
irritation in sense organs. 
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2. Main cause of asthma, bronchitis, 
emphysema etc. 
3. Reduction in life span. 
4. Damage of shoots and upper vegetative 
cover of plants due to acid rain. 
5. Depletion of soil nutrients due to reaction of 
nutrients with acid rain. 
6. Changes in physical appearance in 
vegetative cover due to intake of sulphur 
dioxide and ozone (flecking, tanning or 
bleaching). 
7. Eutrophication in rivers and other water 
bodies. 
8. Damage to constructed structures due to 
acid rain. 

1.11 Steps of Tummalapalle Mill 
engineering team for control of air quality 
standards and particulate matter: 
Operational experience in Tummalapalle Mill 
helped in necessary engineering modification / 
improvements for emission control of 
particulate matter and toxic gases (ex: SOX, 
NOX, COX, HC etc.) at various sections. 
1. Approved APCM are used ex; water 
scrubber, bag filters etc. 
2. The Bag filter conforms to following 
minimum requirements for better efficiency 
and results (refer figure 3); 
a. High temperature resistant bags like glass 
fiber bags are used. 
b. Manometer for indicating differential 
pressure provided. 
c. Alarm and buzzer system installed for 
abnormal pressure difference. 
d. Pulse jet system is regularly checked for its 
efficient working. 
e. The differential pressure across bag filter 
�G�R�H�V�Q�¶�W not exceed 125mmWC or as per the 
design criteria supplied by the Bag Filter 
manufacturer. Recording facility is also 
available. 
f. Knocker or vibrators (pneumatic or 
electromagnetic) are provided on hopper and 
operated automatically through sequential 
timer. 
g. Bag filter are properly insulated to avoid 
acid condensation due to cooling of flue gas 
temperature. Inlet flue gas temperature is 
maintained above the acid dew point 
condensation temperature. 
h. Bag filters are preceded by heat recovery 
system to avoid carry-over of spark in to the 
bag filter. 

 

Figure 3: Typical combination of Dust Control 
System 

3. PLC controlled operations provided.  
4. Boiler efficiency is minimum 75 % and 
record for the same is maintained. 
5. Boilers having capacity of 15 TPH are 
provided with online monitoring system and 
auto fuel feeding system.  
6. DE system kept air tight and leak proof to 
maximize efficiency (Figure 4). 
7. Bag filters are provided with rotary air valve 
for auto collection/discharge of fine dust.  
8. Material of construction of wet scrubber is 
S.S. 316 or equivalent to with stand against 
corrosion and acid effect.  
9. Sufficient water storage tank and filter 
arrangement is provided for removing micro 
dust from circulating water.  
10. Air pressure line of adequate capacity 
provided for efficient working of air pulse jet 
system.  
11. Maintenance record i.e. regular cleaning, 
replacing damage part or changing the 
instrument are maintained compulsory for all 
air pollution control devices. 
12. Vacuum cleaner with inbuilt HEPA filter 
is used in SDU filling, loading and dispatch 
area to control on fine dust and radiation. 
13. Hand, foot & body contamination monitor 
installation is on final stage with single entry 
and single exit system at SDU area as per 
AERB recommendations. 
14. Since the reduction in emission is also 
related to better operation of the boiler, 
minimum loss of heat & steam, optimum 
speed of ID & FD fans, adequate area of the 
combustion chamber, proper balance of steam 
generation and transmission surface areas, a 
Standard Operating system developed for each 
boiler and displayed at the boiler house.  
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Figure 4. DE system at FCB & ROM Building 

1.12 Effective management actions: 
1. Proper sign boards placed at all concerned 
areas.  
2. In case of emergency, protocol to be 
followed is established and all operating staffs 
are trained, accordingly.  
3. Inter-locking systems and alarm systems are 
provided at all reasonably possible areas.  
4. Adequately qualified and trained staff is 
deputed for the operation; no un-skilled 
personnel are engaged for operation of the 
boilers.  
5. The boiler incorporate all safety measures 
so as to provide complete protection to the 
operator and the unit against all possible 
operational/ machinery failures.  
6. Dedicated back-up power facility is 
provided with arrangement to automatically 
start functioning immediately in case of power 
failures.  
7. Internal safety inspection team, Apex & 
Sectional Level Safety Committee, 
Housekeeping Committee. 
8. Plantation/green belt area development. 
9. �(�I�I�H�F�W�L�Y�H���X�V�H���R�I���3�3�(�¶�V�� 
10. Monitoring of environmental and 
radiological parameters by HPU (refer fig. 5). 
11. Regular PEP talk among employees. 

 
Figure 5. (a). PM 2.5 Sampler, (b) RSPM Sampler 

 
CONCLUSIONS: Initiatives were taken by 
Tummalapalle Mill team to maintain air 
quality standards from ongoing operation 

under control and further decrease it by 
engineering modifications and continuous 
actions. Latest technologies and automations 
were adopted as per guidelines of AERB, 
MoEF & CPCB. It represents effective 
management of operational experience in 
alkali pressurized leaching based uranium 
mineral processing plant of India towards 
enhanced industrial safety. 
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�$�%�6�7�5�$�&�7�� �±��Chilled Water system is an important 
system in any power plant which caters the cooling 
requirements of the air conditioning/heat removal.  In 
Prototype Fast Breeder Reactor (PFBR), two trains of 
the Safety Chilled Water System supplies chilled water at 
a temperature of 6 ºC to many Air Handling Units 
(AHUs) located at various buildings for maintaining the 
temperature of panels and for human comfort. The 
power supply for these chillers are derived from 6.6 kV 
buses backed up by Emergency Diesel Generator. The 
chiller compressor motor rating is 255 kW. These 
chillers have a capacity of 245TR and uses R-134a as 
refrigerant to reduce the size and weight of the package 
compared to the negative pressure refrigerants. After 
seven years of normal operation a flashover in one of the 
chiller compressor motor terminal box happened during 
a trial run subsequent to a reconditioning/maintenance. 
Failure of the HV terminal studs connected to the chiller 
compressor motor terminal has led to a flashover 
incident. Root cause analysis has been carried out and 
various modifications are implemented. Moisture 
condensation is inevitable in chillers, hence a 
modification was made in the HT terminal insulator 
fixing arrangement to make it free from moisture 
condensation. The performance of chiller motor is 
satisfactory after implementing the modifications. This 
paper also points out few recommendations to avoid 
such incidents. 

Keywords— Chiller Motor, bushing, Flashover, 
failure analysis, HV Terminal, nuclear Industry, 
maintenance. 

�,���� ���,�1�7�5�2�'�8�&�7�,�2�1����������������

The centrifugal water chiller with a capacity of 245 TR 
are complete, self-contained, automatic load control and 
factory tested fluid chilling units supplied by M/s. KCPL. 
This is KSC model and each unit has one compressor 
connected to a condenser and evaporator [1-2]. Four 
chillers are located in Control Building 14 meters below 
the ground level. Two chillers in each train in either 
sides of the electrical buildings. The surrounding 
temperature is approximately 30ºC. The power supply 
(6.6 kV) is extended from emergency bus for compressor 
motor of rating 255kW with the rated current of 26A. 
The breaker is located 24 meter higher in the Electrical 
Building.  

��
��

Fig. 1. Chiller unit with HT Terminal Box opened. 

Regular motor protections like Thermal overload, Short 
circuit, Earth fault, Unbalance, Excess long start, 
Locked rotor etc., were enabled in MICOM-P220 relay. 
The general arrangement of chiller unit and the HT 
terminal box is shown in Fig. 1. Control panel has been 
provided in the locally near chiller motor.  

Chiller  compressor motor   can   be   started  from  
Local control Panel. it can also be started remotely from 
Main Control Room (MCR) which is in the Control 
Building in between the Electrical Buildings. All the 
field signals and feedbacks are available at MCR. 

�,�,���� �1�2�5�0�$�/���2�3�(�5�$�7�,�2�1��

 
Normally only one chiller will be in operation out of two 
chillers in one train. The other chiller will be in standby 
mode. Before starting the chiller all pre-requisites 
related to the process system should be satisfied and no 
lockout protection should be active.  
 
Normally chiller motor takes starting current of 340A 
and running current of 19A and current depends on the 
load. Preventive Maintenance like monthly checks for 
the crank case heater healthiness, lube oil heater 
healthiness are being done. Insulation resistance and 
motor winding resistance are maintained within limits 
for the standby chillers also.  
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The flashover in chiller compressor motor terminal 
box happened during a trial run after reconditioning / 
modification of chiller.  

 

Fig. 2 Terminal Box of the chiller motor before trial run 
after regular maintenance. 

 

Fig. 3. Terminal Box of the chiller motor after flashover 
incident. 

During this flashover a huge noise was observed in 
the building an also in the control room and fire 
detected got activated in the control room. After 
checking in the field smoke and refrigerant leak was 
observed. Immediately chiller breakers were isolated 
and racked out. Subsequently fire tender was called for 
and it was conformed that the refrigerant leak was from 
the stand by chiller. Thus the train two has completely 

become unavailable. Essential AHU loads have been 
tied to train one and system was normalized. Once the 
smoke in the chiller room was evacuated manual entry 
was done and assessment of the incident was carried 
out. 

The flashover inside the terminal box resulted the 
terminal box cover plate to fly and made to hit the 
adjacent chiller unit lube oil pump sump vent line.  This 
impact damaged the lube oil sump vent line of the 
adjacent standby chiller and led to huge refrigerant 
leak. Subsequently, the running chiller compressor 
motor terminal box was physically inspected and found 
that the HV terminal stud of R and Y Phase was in 
broken condition.  

The entire terminal Box was deposited with carbon. The 
Refrigerant was recovered from this chiller to check the 
healthiness of compressor motor. It was found that 
compressor motor was healthy. The terminal box is 
shown in Fig. 2 before flashover incident. The same is 
shown in Fig.3. after flashover incident and also shows 
the terminal box was completely deposited with carbon 
and studs were in broken conditions[3]. 
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From the physical observation after the flashover 
incident, R and Y phase HV terminal Stud was broken. 
The refrigerant was recovered from the chiller unit to 
check the healthiness of compressor motor. The HV 
terminal stud and motor was isolated. The insulation 
resistance was measured and tabulated in Table 1. The 
value shows the motor was found healthy. The winding 
resistance is 4.1 �Ÿ in all the phases. 

Table 1. The insulation resistance between phases and 
earth of motor after flashover incident. 

Between R-E Y-E B-E R-Y Y-B B-R 

IR value 3.55 
G�Ÿ 

3.48 
G�Ÿ 

3.9 
G�Ÿ 

8.23 
G�Ÿ 

8.27 
G�Ÿ 

9.96 
G�Ÿ 

 

The healthiness of cable was ensured by High voltage 
test of 11.2 kV (60% of factor test voltage) for 5 min and 
passed the HV test. By testing and physical observation 
it was confirmed that the flashover has happened due to 
failure of HV terminal[4-6].  

The chiller compressor motor trip was executed from 
Chiller Control Panel since a dip in the control power 
supply was observed in chiller connected bus during 
flashover. The reason for the flashover was due to the 
reduction in the insulation level in the HV terminals due 
to the moisture entry. 
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         (a)                                        (b)  

  

         (c)                                        (d)  

Fig. 4 (a) HT terminal studs burnt during the flashover, 
(b) HT terminals of the Compressor motor, (c) Broken 
HT terminal studs removed from the terminal box,       
(d) broken HT terminal stud.  

The visual inspection done after opening of the HV 
terminal box revealed that HT terminal studs burnt 
during the flashover as shown in Fig. 4(a). Other end of 
the HT terminal stud in that terminal box is shown in        
Fig. 4(b). The terminals studs which has been removed 
from the terminal box for analysis is shown in Fig 4. (c) 
& (d). When the HT terminal stud inside the terminal 
box are free of moisture/dust particles there will be no 
leakage current and   the insulator behaves as a perfect 
capacitor. When dust particles gets deposited over these 
HT terminals still behaves as capacitor when the 
moisture are also deposit over these along with dust 
particles results the depletion of  insulation resistance 
and the leakage current increase. Therefore the 
insulator behaves as a capacitor in parallel with a 
resistance [7]. The leakage current through the 
conductive layer on the insulators surface results in an 
increase of temperature near the path of the leakage 
current. This causes evaporation and therefore the 
formation of dry bands. A dry band region appears to 
have high resistance because of its negligible 
conductivity. If this unstable equilibrium is perturbed, 
then a discharge will appear along the length of the dry 
band and the current pulse intensity will be reduced by 
the resistance of the residue polluted surface. The 
extension of arcs along the length of the dry bands 
depends on many factors, mainly the non-uniformity of 
the surface pollution, the deposits resistivity and the 
peak leakage current value. Hence the partial 
discharges occur and results in the flashover. 
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The new HV terminal studs are procured and tested at 
site with high voltage 11.2 kV for 1 minute and 
confirmed the healthiness before fixing in to the terminal 
box [8]. The insulation resistance was taken before and 
after the HV test and results are tabulated in Table 2.   

Table 2. IR values of the studs before and after applied 
high voltage. 

Stud 
No 

HV Test 11.2KV for 1Min
IR Value 

before  HV test 
Leakage 
Current  

IR Value  
after HV test  

1 1.0 G�Ÿ 0.3µA 437 M�Ÿ 
2 652 M�Ÿ 0.2µA 7.41 G�Ÿ 
3 4.89 G�Ÿ 0.1µA 657 M�Ÿ 
4 1.0 G�Ÿ 0.1µA 874 M�Ÿ 
5 2.34 G�Ÿ 0.1µA 867 M�Ÿ 
6 1.289G�Ÿ 0.1µA 944M�Ÿ 

 

The new studs and winding fixing arrangements are 
shown in Fig. 5.(a) & (b). 

  
(a) (b) 

Fig. 5. (a) Compressor motor winding ends, (b) High 
Voltage studs of Motor terminal. 

After replacing the new studs, Polarization Index (PI) 
and winding resistance of motor carried out after filling 
refrigerants and tabulated in Table 3. 

Table 3. The PI and Insulation Resistance (IR) of motor 
before into the service. 

Phases R-E Y-E B-E R-Y Y-B B-R 

1 Min.IR 1.88 
G�Ÿ 

1.77 
G�Ÿ 

311
M�Ÿ 

3.64
G�Ÿ 

2.78 
G�Ÿ 

2.79
G�Ÿ 

10 Min.IR 4.68 
G�Ÿ 

3.89 
G�Ÿ 

641
M�Ÿ 

8.88
G�Ÿ 

5.95
G�Ÿ 

6.44
G�Ÿ 

PI 2.49 2.19 2.06 2.44 2.14 2.32 
 
Pressure test of 10 bar was carried out to check any 
refrigerant leaks through terminal stud and ensured no 
leak of refrigerant through the HV terminal studs. In the 
past experience of chiller unit, moisture condensation 
was also observed in the terminal box. To avoid 
moisture condensation in the terminal box, following 
modifications were implemented in the terminal box. 



����
��

�x�� 80W heater element was provided inside the 
terminal box with thermostat. 

 
�x�� Breather with Silica gel installed in the motor 

terminal box to prevent the entry of moisture in the 
air. 
 

�x�� Explosion vent in the motor terminal box was 
covered with thin aluminum foil sheet to avoid entry 
of moisture. 
 

�x�� Textolite insulation sheet were provided between the 
phases in rigid manner to provide better insulation 
between the phases and phase to earth. The vertical 
textolite sheet provided between the phases and star 
power terminal leads. 

  

 

Fig.6 Motor Terminal Box with Separators and 
breather with silica gel. 

The existing terminal box fixing arrangement has 
been slightly modified and connections are made. The 
separators have been fixed rigidly and the other end 
connected as start and completely wrapped with the 
insulation tape.  

The space heater power supply was taken through a 
MCB which is mounted near the terminal box for easy 
access. The existing HT cable termination lugs are 
completely removed and new lugs are connected. The 
breather was connected with fresh silica gels. All these 
arrangements are shown in Fig. 6.  

 

Fig.7 Motor Terminal Box with Separators, Space 
heater and Thermostat. 

The insulation tape have been wrapped on the 6.6 kV 
cable termination with the studs inside the terminal box 
is provided to increase the insulation resistance and 
prevent from deposition of moisture on bare conductor 
as shown in Fig.7[9-10]. All the modifications are 
implemented in the existing motor terminal box and 
thermostat along with space heater is also shown in 
Fig.7.  

Over and above a physical barrier was provided 
between the two adjacent chillers to avoid hitting of 
terminal box cover on the other chiller. This is a 
physical separation between two safety chillers and will 
avoid common cause failure. It is also strongly 
recommended to implement the same modification in 
rest of the 6 chillers in the plant. 
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After all the modifications, a high voltage test on HV 
terminal stud, measurement of insulation resistance on 
motor and process logic checks for tripping of breaker 
has been carried out.  Chiller compressor motor start 
command was given to confirm the direction of rotation 
and found to be correct.  

The current observed during starting is 140A and 
during load is 14A and the starting and running taken 
during trail run from MICOM relay P220 is plotted and 
shown in Fig. 8. 

 The performance of the chiller was observed for one 
month during continuous operation of chillers and all 
the parameters were continuously monitored & 
recorded. After analyzing the parameters no 
abnormalities found. The noises also are within limits 
and running smoothly. There was no moisture 
condensation observed during the periodic maintenance 
of the chiller unit [11]. 
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Fig.8. Starting characteristics (Current Vs Time) of 
chiller motor. ��
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The safety chilled water system is a major heat sink for 
all the electrical and instrumentation panels in PFBR. 
These chillers being operated by 6.6 kV HT supply, any 
flashovers will result in a catastrophe. The damages that 
might be caused by such an event may be priceless. After 
this flashover incident, proper root cause analysis has 
been carried out by inspection of the HT Terminal 
Boxes. Modification of the Terminal Box has been done. 
Adequate measures have been taken to avoid any such 
incidents in the system in the future.  
 
The performance of the chiller after modification was 
verified and found to be satisfactory. It was 
recommended to implement the same modification in the 
rest of the safety/non safety chillers in the plant to 
enhance the safety and system availability.    
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�$�%�6�7�5�$�&�7�� ����The Electric overhead traveling (EOT) 
crane installed in Prototype Fast Breeder Reactor 
(PFBR), Reactor Containment Building (RCB) is the 
largest capacity EOT crane installed in any nuclear 
power plants in India with some unique features of its 
own. It has been built with a single failure proof concept 
which is one of the prime requirements of a nuclear 
facility as per the standards of NUREG/IS.  It is a double 
bridge girder type, the girder used in this crane is a 
single structure having a length of 34.8m without any 
joints as designed by IGCAR/BHAVINI (first of its kind). 
The span of the EOT crane is 33.4m and installed at a 
height of 42m from the ground level with the lifting 
height of 42.5m. This crane was manufactured by an 
Indian company M/s. UNIQUE CRANE, NASIK.  Two 
hooks (280 tons / 85 tons) are connected in the same 
trolley sharing the Long Travel (LT). Load testing of the 
complete crane was done at factory before transporting 
it to PFBR site. The components of the crane were 
assembled in PFBR site. The erection methodology 
adopted was distinct w.r.t the site condition, as the 
components which were handled were very heavy, 
available space for installation was restricted and the 
head room was also very less. This erection has been 
completed successfully and very safely without any 
notable incidents. This activity is a biggest achievement / 
milestone in the nuclear industry in India. Later the EOT 
crane was commissioned, load tested with 350 tons load 
(negligible deflection) and being operated successfully 
without any incidents so far. This was achieved by 
accurate erection procedure, stringent Quality 
Assurance Plan (QAP), Job Hazard Analysis (JHA) and 
Safe Operation Procedure (SOP). Many challenges were 
faced during manufacturing, testing, erection and load 
testing at site. This paper deliberates those challenges. 
 

Keywords—EOT crane, Single Failure Proof, 
Bridge Girder, Bogie, Safety, nuclear Industry, 
Erection. 
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The EOT crane inside RCB is designed as per the 
standard AI-IS; 13834 MECHANISM – M -5 IS: 3177-
1999, NUREG-0554 [1] which can handle 280 tons 
load. The largest load envisaged to be handled by this 
crane is the Pump & Intermediate Heat Exchanger (PI) 

 
Fig. 1. Overview of 280/85T EOT Crane in RCB. 

flask along with the Primary Sodium Pump. The PI flask 
weight around 210 tons and the pump weight around 40 
tons. Based on this load, the EOT crane has been 
designed for 280 tons capacity. Another auxiliary hook 
having a capacity of 85 tons is also mounted on the same 
trolley for ease of operation for handling lighter 
components and to reduces the time required for 
operation. The overview of EOT Crane at RCB is shown 
in Fig.1. The crane was designed for both positive and 
negative pressures inside the reactor containment 
building [2]. This EOT crane has been designed based 
on single failure proof criteria, which is mandatory for 
any component handling machines in a nuclear power 
plant design. The main and aux. hoist system of the 
crane is equipped with dual load path system. Thus, in 
the event of failure of any components on one of the two 
load paths, the other load path will take over without 
any uncontrolled movement of load. Each load path is 
provided with a separate drum, gearbox, motor, brakes 
and rope system. For aux hoist, however, there is only 
one rope drum common to both load paths.  

The total weight of the crane i.e., girder, trolley and 
the hook is 385 tons with span of 33.4m [3]. The 
maximum and minimum hoist speed is 1.5 meter per 
minute and 0.15 meter per minute respectively. The main 
hoist lifting height is 42.5 meter and the hook hoisting 
up/down time is 30 minutes. Similarly, auxiliary hoist 
lifting height is 55.5 meter and the hook hoisting 
up/down time is 38 minutes. The EOT crane structure 
and trolley have been seismically qualified for the 
purpose of safety during any seismic events. This crane 
has been provided with an operator cabin in the crane 
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and also a RF (Radio Frequency) remote which helps in 
operating the crane being near to the load and thus 
reduces any manual error during communication and 
signaling. The operation of the crane was found to be 
very smooth without any noise even now after 7 years of 
operation. The maximum deflection observed in the 
crane after commissioning is    9mm where allowable is 
37.11mm. This crane was erected in Dec 2011. After 
seven years, the deflection is only 10 mm. The load test 
result indicates that the variation in the present 
deflection observed in the crane as compared to the 
initial value during commissioning is very less. This 
crane is also having an interlock with another 15 tons 
EOT crane which is erected below this crane such that 
interference of both the cranes will not be there. This 
giant crane erection and commissioning could be 
completed successfully & safely only because of 
adequate planning, following proper sequence of 
erection, strict adherence to the approved procedures 
and safety precautions. 
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The bridge is box type and consists of two nos. girder 
which are made of a single metal structure having 
dimension of (34600 x 1400 x 1480mm) [4-7]. This 
being the largest girder used in the nuclear plant which 
was manufactured by M/s. UNIQUE works and 
transported to the BHAVINI site in single hydraulic 
truck as show in Fig. 2 (a).  

 

  
(a) (b) 

  
(c)                                       (d) 

Fig 2. (a) Truck loaded with Bridge Girders at         
M/s. UNIQUE works. (b) Girder at PFBR site being 
unloaded. (c) Bridge girder being moved by Leibherr 
crane, (d) Bridge girder erected on the gantry rail and 
aligned.  

After lot of efforts, the girder reached the BHAVINI 
site without any transit damage as shown in Fig. 2. (b). 
New approach roads were made near the reactor 
building for normal truck movement. However, many 
iron plates were provided on the roads to bring the truck 
near RCB. Before the girder was lifted from the truck, 
necessary procedures such as Erection Procedure, Job 
Hazard Analysis (JHA), Safe Operation Procedure 
(SOP) etc., were thoroughly verified and kept ready. 
Following all the safety precautions, the girder was 
lifted with a heavy duty crane (LR 11350, Largest in the 
country) from M/s. LIEBHERR, GERMANY as shown in 
Fig 2. (c). The massive girder was positioned and 
aligned on the RCB gantry at height from the ground    
45 meters as shown in Fig 2 (c) & (d). 

Similarly, the second girder was also placed on the 
gantry and accurately aligned within allowable 
tolerances as shown in the fig 3. (a). After aligning the 
bridge girders on the gantry rail, the lifting sling 
connected to the girder was removed safely by the 
worker. For approaching the hooking point, a ladder 
from top of the girder was used and the worker was 
connected with a rope held by another worker from the 
top of the platform as the safety belt was not enough to 
reach that point. General guidelines for removing the 
slings were available in the procedures. However, the 
erection team was well coordinated and executed the 
task successfully as shown in Fig 3(b). This is one of the 
challenging task for the engineers at site to work safely 
without any notable incidents. 

 

  (a) 

 
(b) 

Fig. 3. (a) Second girder being placed on gantry.       
(b) Safely Lifting slings being removed from hook by 
using a ladder fixed along the girder. A worker with 
safety belt being held with rope by another person 
standing on the top platform of the girder. 
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The end carriages generally provided for all the cranes 
are also called bogie incase of large capacity crane. 
Each bogie consists of four numbers of wheels to 
transfer the entire load on the gantry in the RCB as 
shown in Fig. 4 (a). This bogie was assembled before 
lifting of the girder for ease of alignment of girders as 
shown in Fig. 4 (b).  ��

�� ��

(a)                                       (b) 

Fig. 4. (a) Bogie fixed to the Bridge Girder.             
(b) Bridge Girder along with bogie being lifted. 
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The trolley consists of a Main hoist mechanism, 
Auxiliary hoist mechanism, Gear boxes, Rope drums, 
brakes etc., The main hoist mechanism is installed on the 
frame of the main trolley and includes two drum units. 
The drums are driven by electric motor through 
reduction gear connected in series. To synchronize the 
drum rotation, electric motors are connected by means 
of intermediate shaft. Each intermediate shaft 
accommodates two electro hydraulic brakes. The main 
hoist mechanism is equipped with hand drive to bring 
the load in safe position in case of interruption in power 
supply.  

Main hoist trolley consists of main hoist mechanism, 
frame, travel mechanism, grapples, brackets, high 
strength bolts, split housing and axle [8]. The trolley 
frame rests on four carriages. Each of these carriages is 
supported by two double flanged wheels. Double flange 
running wheels are mounted on the wheel shafts running 
in rolling bearings. A motor reduction gear with its 
hollow output shaft on wheel shaft. To exclude oil 
leakage to reactor operating floor tray made of plates in 
the form of pan is installed under the motor reduction 
gear.  

Auxiliary hoist trolley is connected to the main hoist 
trolley by means of two hinged joints. Auxiliary hoist 
trolley travels with the main hoist trolley i.e. it doesn’t 
have separate drives for movement of auxiliary trolley. 
Its consists of auxiliary hoist mechanism frame, split 
axle boxes, bearings, axle, running idle wheels and 
grapples [9]. Auxiliary trolley wheels are flangeless. Its 
position on the rail is determined by flanges of the main 
hoist trolley wheels and hinges connecting the trolleys. 
The grapples fixed to the trolley are intended to hold 

trolley on the rails during earthquake. The side surfaces 
of the grapples function as to determine the extreme 
position of the trolley while travelling along the bridge. 

����

Fig. 5. Trolley assembly being lifted with the hooks����

The main hoist mechanism having one thrust brake 
and one Electro Magnetic brakes. Similarly, auxiliary 
hoist mechanism is also having one thrust brake and one 
Electro Magnetic brake. The main hoist is having two 
rope drums dia. 2270mm, two nos. gear boxes, two nos. 
motor each rating 150 kW. Whereas, auxiliary hoist is 
having only one rope drum having dia. 2424mm, two 
nos. gear boxes, two nos. motor each rating 40 kW. The 
total trolley size is 6465 x 6625 x 7150mm with a weight 
of 190 tons. This crane is having two nos. of hooks 
namely main hook and auxiliary hook. Both are Ramson 
type. The main 280 tons snatch block hook weight is       
22.5 tons and auxiliary hook 85 tons weight is 4.5 tons. 
The clearance between those two hooks is 1850mm. The 
rope is reeved around having 3.6 km length and 16 falls 
for main hoist and 8 falls for auxiliary hoist. These were 
completed in ground where trolley is assembled near 
RCB as shown in Fig. 5.   ��

The whole trolley was assembled and it has been 
lifted with the heavy-duty crane and placed on the 
bridge girder rails as shown in Fig. 6.  

��

Fig. 6. Trolley assembly being placed with the hooks 
on the bridge girder rails. 
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The main and aux. Hoist system of the crane is 
equipped with dual load path system. Thus, in the event 
of failure of any component on one of the two load paths, 
the other load path will take over without any 
uncontrolled movement of load. Each load path is 
provided with a separate drum, gearbox, motor, brake 
and a rope system. For Aux Hoist, however, there is only 
one rope drum common to both the load paths. The wire 
ropes are designed with factor of safety 12 when both 
the load paths are intact. In case of failure of one load 
path, wire rope will have a factor of safety 6.  

Sheave block assembly is designed with protective 
guard in such a way that the sheaves will not separate 
out and fly-off in the event of breakage of sheave pin. 
Each Main and Aux hook block is provided with dual 
attaching points if one attachment fails, the other will 
support the load.  

Drum anti fall arrangement is provided below each 
rope drum, such that the rope drum will rest  over  the  
support  in  the  event  of  breakage  of  drum  shaft. 
Each hoisting motion is provided with load cell 
arrangement to protect against overloading and also 
give audio-visual alarm in case one of the load paths 
fails.  

Main Hoist motors will have pulse encoders for 
feedback to drive module so as to synchronize the speeds 
of dual paths. In case of Aux Hoist, as the two load paths 
are connected by a single rope drum, such 
synchronization is not necessary. However, pulse 
encoders are provided for aux hoist motors also. 

Encoders will also sense over speeding of Rope 
drums in lowering direction beyond the designed speed 
and will bring the hoist motion to halt by tripping the 
electrical circuit. Each load path will be provided with 
over hoisting and over lowering limit switches with 
inbuilt slow down limit switches. Apart from the above, 
two blocking system also provided to prevent over 
hoisting to avoid physical contact of load block with top 
obstruction. Load cell activation and motor over current 
sensing is integrated to safe guard the system during 
load hang up. The suitable guide rollers / derailment 
guards are provided for trolley and end carriages of 
crane to prevent derailment during seismic event as 
shown in Fig. 7. 

Suitable parking lugs/ rail clamps arrangements are 
provided for trolley and crane for parking the crane. 
Manual release of brakes during emergency lowering is 
provided. There are inherent safety features for motors 
for monitoring and fault report systems.  

The control system is provided with PLC 
(Programmable Logic Control) to oversee and monitor 
the operation of various motions of the crane and take 
corrective measure to run the crane safely 

��
Fig 7. Earthquake holding clamp with gantry rail. 

�� ��
(a)                                       (b) 

Fig. 8. (a) Bogie wheels being placed on the gantry 
rail, (b) LT free movement after placing on the gantry. 

Gantry rail having width of 120mm and the wheel width 
is 150mm. A smooth LT movement achieved with this 
clearance was the one of the challenging task and the 
same is shown in Fig. 8. (a) and (b)[10]. 
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Any incident/accident would happen only when any 
safety procedures are violated. Strict adherence to the 
approved procedures was followed at all stages of 
erection and commissioning of the EOT crane. An error 
free erection procedure (SOP) is include the following.  

�x�� An overall detail of the work intended to be 
carried out. 

�x�� Safety PPEs and procedures to be used for each 
step/job to be carried out. 

�x�� Pre-job briefing to be given to each level of 
workers before starting any activity. 

�x�� Hazard/risk involved in each step to be made 
aware to each level of workers. 

�x�� Checklists to be filled wherever applicable before 
starting any activity. 

�x�� Sequential work activity track sheet involving 
many agencies. 

�x�� Post job debriefing. 

Any violation in the procedure will be easily found by 
integrating with the other parallel procedure. Procedure 
should be able to find immediately when there is a 
violation. Any single minor incident shall be identified 



����
��

with the other procedure being executed for the same 
work. Hence a safe Operating procedure has been 
adopted. It can be split in to two, a Macro SOP and a 
Micro SOP. The SOP prepared in micro and macro form 
shall be knitting with each other, such that any violation 
or shortfall in any of the SOP will be easily identified by 
the other SOP [11-15]. Each step will be doubly ensured 
by using micro and macro SOPs. This procedure will 
take more execution timing but has zero failure. 
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The commissioning of the control panels were done 
stage by stage in a sequential and safer manner. All the 
panels were shifted over the girder and are located in 
one of the bridge girder pathway. Manual approach to 
these panels in the middle of the girder at higher 
elevation was challenging every time.  Tuning of the 
drives was challenging as one person should be in the 
motor side and another person in the panel area. 
Communication and coordination at a height of 40 meter 
from the ground was challenging. 

The RCB floor area was designed for 20 tons per 
square meter area. 350 tons load was placed in a special 
structure to keep the loads uniformly distributed. Plates 
were placed on the ground. A special cradle was 
fabricated at site for load testing due to the space 
constraints. The full load test of 280 tons and over load 
test of 350 tons has been completed with the main hook 
as shown in Fig. 9. The load test of the inner hook (dia. 
180mm and width of 320mm) i.e. Eye hook was very 
challenging. The inner hook was tested with a small pin 
(dia. 180mm and 1130mm length), four slings and two 
nuts as show in Fig. 10. It was specially designed by site 
and manufactured by M/s. UNIQUE, was vital and 
successfully tested at factory. The same pin is connected 
on the inner hook and over load test with 350 tons also 
completed. This was one of the major achievements.  

��

Fig. 9. 280 tons Load being lifted during full load test.   

��
Fig 10. The Eye hook and pin with cradle arrangement 
for testing of 350 tons.   ��

The actual hook approaches in all the sides are well 
within the dimensions mentioned in the drawings and the 
same has been tabulated in Table-1.  

Table 1 – 280/85 tons crane hook approaches  

Long 
Travel 

Right 
(West) 
mm 

Left 
(East) 
mm 

Cross 
Travel 

Forward 
(South) 

mm 

Reverse 
(North) 

mm 
As per 
Design 3300 1940 As per 

Design 4100 3800 

Measured 
at site 3330 1927 

Measured 
at site 3855 3940 

 

Finally, the crane lifted the PI flask load 230 tons 
successfully and placed on reactor vault as shown in 
Fig. 11. 

��

Fig. 11. PI Flask (230 tons) being lifted and placed over 
Reactor Vault in RCB.    
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Trolley can be assembled at ground level itself. So 
that all motors, gears and rope reviving could be done. 
Then the special lifting structure was designed at site. 
Hence the total weight of the trolley comes around 360T 
and the some was erected by using liebherr crane. 
Initially this was not expected. For dismantling and 
removal of gear box, motor etc. during maintenance, no 
provision exists above the EOT. Hence on the roof of 
RCB, a hoist/mono rail shall be provided. For load 
testing the inner hook, special arrangement is required. 
Site has designed the small pin, manufactured by M/s. 
UNIQUE and firmly load tested with the crane. 

85 tons hoist operation speed may be increased 
because when compared to 280 tons and 15 tons hoist 
operation, it is very slow. Hook approach is not enough 
on all the side of the building. The above points may be 
treated useful for design the cranes for Fast breeder 
Reactors (FBR-1 and   FBR-2). 

�,�;���� �&�2�1�&�/�8�6�,�2�1����������������

This largest capacity crane was erected, commissioned 
and tested at site successfully. It was tested to handle the 
envisaged largest possible load i.e. PI flask smoothly 
and successfully. Each and every structures that are very 
heavy were safely erected by proper handling 
procedures. Though the erection was very difficult in 
confined space, with proper planning, detailed 
procedures and team work by many agencies at work 
place, it was accomplished without any safety issues  / 
incident  which was very challenging. 

��

Fig. 12. Deflection results of 280/85 tons crane for the 
last 7 years.  

Despite the allowable deflection limit of 37.11 mm (for a 
Span (33.4m) / 900 = 37.11mm) as per the standards, a 
deflection of just 9mm was achieved which was least. 
Subsequently after 7 years of operation, the deflection as 
measured is only 10mm which is hardly an increase       
of 1 mm as shown in Fig. 12. 

 The result of the stringent requirement in the design, 
material selection, manufacturing and factory testing of 
this huge EOT crane has met all the tolerances as 
expected with standard. Nevertheless, proper adherence 
to all the safety precautions, procedures like JHA, SOP 
etc., at PFBR site during erection, commissioning and 
testing has proved this giant lifting machine to be 
rugged, robust and highly reliable making us gain more 
confidence on our large component handling, erection, 
commissioning and operational methods.  
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ABSTRACT – Sodium is the primary and 
secondary coolant in Prototype Fast Breeder 
Reactor (PFBR). The Secondary Sodium Pump 
(SSP) circulates the sodium in the secondary 
circuit to extract heat from primary sodium in 
the IHX and transfers it to the steam water 
circuit through the Steam Generators 
(SGs).There are Two secondary loops, each loop 
has one SSP. During commissioning of SSP-2, 
rubbing noise was observed from the pump and 
vibration levels were high, hence the internal 
assembly of the SSP-2 was removed to 
investigate the root cause. Hence the wetted 
sodium in SSP-2 rotor assembly has to be 
removed before handling it because Sodium has 
good affinity to oxygen and reacts with water. 
Hence, sodium cleaning is the first and 
important activity in the maintenance of the SSP-
2. The sodium was removed by Water vapour-
CO2 process. The cleaning process was closely 
monitored to ensure safety because the release 
of hydrogen is to be kept below 2%. This activity 
was carried out with Job Hazard Analysis and 
Safe Operation Procedures. 
This paper deliberates the challenging 
experience and safety measures in the successful 
sodium removal and cleaning of SSP-2 rotor 
assembly.  
 
Keywords—SSP, PFBR, Sodium removal, 
Water vapour- CO2 process, Hydrogen 

I.   INTRODUCTION        
The Prototype Fast Breeder Reactor (PFBR) 

in Kalpakkam, uses liquid sodium as the primary 
and secondary coolants. Hence components such 
as pumps, heat exchangers, control rod drive 
mechanisms etc. are wetted by liquid sodium. 
The sodium components are to be cleaned of 
sodium before any maintenance activity can be 
taken up. Sodium removal from components is 
therefore an important activity and selecting a 
suitable process, vis-à-vis operational safety, 
reuse of the component, process efficiency etc is 
paramount. 

SSP is a mechanical centrifugal, single stage 
shaft type pump. The SSP consists of Pump 
Outer shell (Tank), Pump rotor assembly and 
Top bearing and Mechanical seal assembly. 
Fig.1. shows the sectional view of SSP. 

 

 
 

Fig.1.Sectional View of Secondary Sodium 
pump. 

II.  METHODS FOR SODIUM 
REMOVAL       

Cleaning is an operation for removal of 
residual Sodium and impurities, mainly by 
chemical reaction. All cleaning process deal 
with the reaction of sodium with a chemical 
reagent, producing in most cases hydrogen and 
heat. The process of cleaning must completely 
remove the residual sodium adhering to the 
component walls, in order to eliminate the 
chemical risk linked to sodium’s great affinity 
for oxygen and water. 

The different types of cleaning methods are 

1. Alcohol Cleaning: Sodium reacts with 
alcohol slowly and gives bubbles of 
Hydrogen and leaves colorless solution of 
sodium alcoholate / alkoxide. This cleaning 
process is recommended for cleaning of small 
components like valves, vapor traps and 
pipes etc 

2Na +2 ROH ®  2RONa + H
2
­  
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2. Steam – Nitrogen: Dry steam reacts quietly 
with sodium and gives Sodium hydroxide and 
Hydrogen. This process is used for cleaning 
Sub Assembly. However the caustic produced 
during the process may cause corrosion of 
the component. 

2Na + 2H
2
O ®  2NaOH + H

2 
­  

3. Water Vapour – CO2:�The basic principle of 
this process is to use water vapour in a gas 
stream. 

III.  WATER VAPOUR – CO2   
CLEANING PROCESS 

Alcohol cleaning process has the 
disadvantage of flammability and incomplete 
reaction due to protective action of alkoxides 
product formed as a layer on the surface of the 
components. 

Steam nitrogen process has the disadvantage 
of Stress corrosion cracking due to sodium 
hydroxide.  

Since SSP-2 rotor assembly is to be reused, 
Out of various methods of cleaning available, 
water vapour-CO2- N2 process is selected for 
cleaning of SSP-2 rotor assembly. 

The basic principle of this process is to use 
water vapour in a gas stream[1] 

  CO2 gas is bubbled through hot DM water 
(@50-60 oC) and this gas takes the water vapour 
into the system (moist CO2), where hot (70-80 
oC) nitrogen is under circulation.  

First, the water vapour reacts with sodium 
and forms Sodium hydroxide with the release of 
hydrogen.  

Nasolid + H2O   �  NaOH (Sodium Hydroxide) + 
½ H2 �  

Further sodium hydroxide reacts with CO2 
produces Sodium bicarbonate and Sodium 
carbonate.  

NaOH + CO2 �  NaHCO3 (Sodium bicarbonate) 
 
2NaOH + CO2 �  Na2CO3 (Sodium carbonate) 
+ H2O 
 
Na2CO3 + CO2 + H2O  �  2NaHCO3 

In our case, CO2 is used to convert in-situ, 
caustic sodium hydroxide formed by the reaction 
of sodium & water into sodium bicarbonate in 
order to prevent caustic corrosion. 

The hydrogen concentration is an indicator 
of the progress of the reaction.  The reaction is 
considered complete when the hydrogen 
concentration reaches its background level 

IV.  CLEANING  STRATEGY   

Before cleaning: In order to optimize the safety 
and efficiency of the Cleaning, it is important to 
drain the sodium as much as possible from the 
SSP. 

During Cleaning: Hydrogen and temperature 
control are necessary to maintain acceptable 
hydrogen concentration in gas and avoid caustic 
corrosion on the component 

After Cleaning: After Cleaning, particular 
attention must be paid to the storage of the 
Component before its reuse 

V. SAFETY MEASURES  

·  Cleaning requires extensive care since 
chemical reactions are involved. 

·  Safety of Personnel was ensured while 
cleaning process was undertaken. 

·  All the Personnel involved in the activity 
were provided with necessary training from 
experts from IGCAR. 

·  Personnel having thorough knowledge of 
sodium cleaning techniques were present 
throughout the cleaning process in round the 
clock shift. 

·  Close attention was ensured to avoid 
runaway reactions. 

·  All the instruments were calibrated. The flow 
sheet is shown in the Fig.2. 

·  Exhaust from safety valve / cleaning process 
was directed through a flame arrestor. A 
flame arrestor is provided at the topmost 
location of the facility to permit venting of the 
mixture of nitrogen and hydrogen can be 
done. 

·  System pressure was maintained between 0.2 
to 0.3 bar (g). If the pressure in the vessel 
goes up, a spring loaded safety valve releases 
the pressure in the vessel if it exceeds 2.0 bar 
(g).  In addition to this, there was AUTO 
control provided to maintain the pressure by 
operation of feed and bleed solenoid valves. 

·  CO2 Bubbler safety relief valve set pressure 
was 2.2 bar (g). 
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·  Hydrogen concentration was maintained 
<2% since H2 Explosive limit is 4.00-74.20 
(in air) & 4.65-93.90 (in O2) and Detonation 
limit is  18 - 59 %. 

 
Fig.2.Flow sheet for sodium removal of SSP-
2 rotor assembly 

·  The procedures clearly stated to maintain 
Hydrogen concentration <2%. If it exceeds 
2%, immediately WV+CO2 addition should 
be stopped and nitrogen to be continuously 
purged to reduce the H2 conc. to less than 
1%. 

·  Hydrogen is key parameter in both the 
processes for safety and also it is a measure 
of progression and completion of the sodium 
removal process from the component. So for 
safe operation, Hydrogen meters of two 
different make (properly calibrated) were 
used for sodium removal operations,. Range 
is 0-4%. 

·  Oxygen meter with the range of 0-2000 ppm 
was provided. 

·  2nos. of RH meter of 0-100% range were 
provided. 

·  Solenoid valves were provided for AUTO 
pressure control of the washing vessel.  

·  CO2 bubbler Heater was provided with 
Automatic Temperature controller. 

·  Nitrogen acts as both inert atmosphere and 
cooling medium 

·  Control system with data logger was 
provided for monitoring and control actions. 

·  The logic for opening Nitrogen make up SV-1 
on pressure <200 mbar (g) and closing on 
pressure >205 mbar (g) was checked. 

·  The logic for opening bleed SV-2 on vessel 
pressure > 300 mbar (g) and closing on 
pressure < 295 mbar (g) was checked. 
 

·  Local AUDIO/VISUAL annunciator was 
provided which gives alarm if H2 
concentration exceeds 1.5 % v/v. 

VI.  CLEANING  OPERATION  
SEQUENCE   

The sodium sticking on the surface of the SSP 
rotor assembly in the form of thin coating on 
vertical surface or thicker blocks in the 
horizontal location was removed by once 
through mode of Water Vapour – CO2 cleaning 
process. Cleaning process includes the following 
phases: 

i. Sodium draining from the SSP rotor 
assembly 

ii. Vapour phase Reaction of the residual 
sodium adhering on the SSP with water 
vapour and CO2 

iii.  Rinsing & Immersion of SSP in water. 

iv. Drying with hot Nitrogen 

1. Cleaning vessel is made up of SS with 
diameter of 1400 mm and height of 5500 mm. 
Surface heaters were provided to preheat the 
vessel to 70 oC. Fill and drain provisions 
were provided. 5 nos of thermocouples were 
provided at the strategic location[2]. The 
cleaning vessel setup is shown in Fig.3. 

2. Nitrogen makeup solenoid (SV-1), vent valve 
(SV-2) and WV-CO2 injection (SV-3) 
operation was checked. 

3. Pneumatic test was carried out at 300 mbar 
(g). 
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4. CO2 bubbler was filled with DM water and 
heater was switched ON  

 
Fig.3.Cleaning Vessel Setup 

5. Vessel temp was maintained at 55 0C at 200 
mbar (g), N2 inlet flow 2 to 3 m3/hr, 

6. CO2 Bubbler Temperature/Pressure was kept 
at 42 0C /1.6 kg/cm2, SV-3 (CO2 Bubbler 
Outlet) kept opened for 30 sec and observed 
for 5 min for any increase in H2 
concentration. 

7. The injection time and bubbler temperature 
was increased gradually. 

8. In every sodium removal operation, hydrogen 
concentration will be high during the initial 
phase of reaction and it is diluted by mixing 
with nitrogen for keeping the system 
concentration within safe operation limit 

9. The water temperature was varied between 
30 oC and 80 oC. The higher the water 
temperature, the more it heats the bubbling 
CO2, which increases its dew point and 
therefore the amount of water transported by 
this gas 
 

10. When the reaction was complete (as 
measured by the H2 concentration), CO2 
bubbler  temp was raised to 90 oC  and 
Vessel temp to 100 oC and waited till the H2 

concentration reached back ground value (< 
0.01%.) 

11. After the completion of the reaction, the 
vessel temperature was decreased to 40 oC, 
pressure was reduced to 5 mbar, CO2 
bubbler heater was switched OFF and the 
CO2 cylinder was isolated. 

12. Vessel top cover was opened with trickle flow 
of Nitrogen and the SSP-2 was visually 
inspected. Sodium bicarbonate layer was 
noted on the surface of the rotor assembly. 

13. The sodium bicarbonate layer was removed 
by mechanical method. 

14. DM water spray was carried out to dissolve 
the reaction products adhering to the surface. 

15. Then the the vessel was flooded with DM 
water to dissolve and remove surface 
reaction products such as bicarbonates.  

16. The effluent H2 concentration was monitored 
for any increase that would indicate the 
presence of additional residual sodium. This 
rinsing process removed sodium in crevices.  

17. The major difficulty faced is the slow rate of 
reaction.  One reason is the difficulty of the 
water vapour-CO2 moisture in penetrating 
long, narrow gaps containing sodium. Also 
removal of sodium from tight crevices and 
fasteners was attended after dismantling 

18. The SSP-2 rotor assembly kept in the vessel 
before cleaning is shown in fig.4 

 
Fig.4.Before Cleaning 

19. The cleaned SSP-2 rotor assembly is shown 
in Fig.5. 

 
Fig.5.After Cleaning 
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VII.  RESULTS 

The Estimated amount of sodium quantity 
removed from the SSP-2 rotor was tabulated in 
Table.1. 
·  Expected amount of sodium : 4.66 kg [3] 

·  Estimation of sodium by Hydrogen evolved 
:3.7 kg  

·  Estimation by rinsed water: 2.7 kg   

Table.1.Estimation of Sodium quantity 

Parameter Qty of 
water (l). 

Qty of 
Na (gm) 

Spray washing    200  1605 
1st rinse   6045 949 
2nd rinse    6045 84 
Total 2638 

 

The various process parameters observed 
during the cleaning process is shown in the 
Graph.1. 

 
Graph.1.Process parameters observed during 

cleaning operation 

VIII.  CONCLUSION        

The CO2 Water Vapour cleaning process was 
effectively carried out for sodium removal from 
SSP-2 rotor assembly. Hydrogen release during 
the reaction was kept well below 1%.  Effective 
cleaning with no damage to the SSP-2 rotor 
assembly was achieved. The summary of the 
SSP-2 rotor cleaning process is tabulated in 
Table.2. 

Table.2.Summary of SSP-2 rotor cleaning 

Parameter SSP-2 Rotor 
cleaning  

Reaction Time (days) 17  
Max RH (%) 84.44 
Max H

2
 (%) 0.68 

No. of moist injections 72 
Sodium Weight (g) 
(by chemical analysis) 

3700 

Water Quantity (l) 176 lit for process 
and 12290 lit  for 
rinsing 

CO
2
 Cylinder (Nos.) 26nos  (30 kg of CO2 

gas cylinder) 
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ABSTRACT – Dry type transformers play a vital role in 
power supply distribution to many loads in different 
voltage levels in a nuclear power station. Normally to 
extend power supply to the critical loads, the 
transformers have to be located inside the building. Due 
to that, the design of the building should take care of 
heating, ventilation and provision for firefighting. A 
transformer failure in a nuclear power plant can result 
in significant property damage and serious implication 
to a safety as well as revenue. With growing nature of 
deregulation in electrical markets, the failure 
probability of transformer increases simultaneously. 
Hence rigorous maintenance program should be 
adopted in order to maintain the failure probability of 
dry type transformer that too in a nuclear power plant. 
In this paper, efforts were made to analyze the factors 
contributed to fire in dry type transformer, lessons learnt 
and few recommendations are discussed in Prototype 
Fast Breeder   Reactor (PFBR). 
 

Keywords - Dry type Transformer, Route cuase 
analysis, Insulation degrading, Partial discharge, 
flashover, Power Control Centre. 

I.  INTRODUCTION        

Power Control Centre (PCC) are the standardized 
415V, 3Ph, 3W Medium Voltage switchgear panel 
assembly with Air Circuit Breakers (ACB) with other 
standardized feeder control, monitoring and protection 
devices. They are with common bus-bar housed at the 
top of the panels with a very clean environment in a 
nuclear industry as shown in Fig.1. They serve as the 
main 415V power supply distribution center supplying to 
Motor Control Centers (MCC), Rectifier / Chargers, 
Heater Control Center (HCC), lighting & power socket, 
isolation transformers, Medium Voltage (MV) motors 
and the handling equipment like cranes etc. 

PCCs are arranged to receive power supply from two 
station auxiliary transformers with a bus coupler having 
the secondary selective arrangement through Air circuit 
Breakers. The incomer from the station auxiliary 
transformer to the PCC and the bus coupler Circuit 
Breaker (CB) connection to the two bus sections are 
through non-segregated phase bus ducts.  

 

FIG. 1. OVER VIEW OF 2500 kVA DRY TYPE 
TRANSFORMER 6600 / 433 V 

The transformer enclosure contains core coil assembly, 
LV bus duct and HV connecting terminals, door limit 
switches, marshaling box and RTDs with IP31.  

The connected load in PCC ranges from 90 kW to 
160 kW. PCCs are draw-out type indoor, air insulated, 
and metal-clad extendable switchgear. The switchgear 
includes the ACBs, motor starter modules, Moulded 
Case Circuit Breaker (MCCB), Switch-Fuse Units (SFU) 
with double front construction.  

In PFBR there are 26 Nos. 6600/433 V Dry type 
transformers are used to feed the power supply to many              
auxiliary loads from 2012 onwards. One of the 2500kVA 
transformer which is located in the turbine building 
ground floor caught fire in HT side. The loads 
corresponds to the failed transformer as shown in Fig.2. 
The cause for the failed transformer was analyzed and 
few recommendations were made. 

 

FIG. 2. SLD OF 2500 kVA DRY TYPE 
TRANSFORMER 6600/433 V 
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II.    NORMAL OPERATION  

 The PCC transformer was installed at ground floor with 
moderate natural cooling. This transformer was loaded 
around 30% only. The full load current of the 
transformer at HT side was 218A only. During the 
operation it was recorded around 80A. This transformer 
operation was satisfactorily nearly 7 years. There is no 
abnormal noise / current observed in the transformer. 
Yearly preventive maintenance schedule was also strictly 
followed. All the routine test result was found to be 
normal. 

III.   FAILURE INCIDENT  

Among the 26 Nos of transformers operating in PFBR, 
one with  rating of 2500 kVA failed in March 2019. On 
hearing the fire alarm in Main Control Room (MCR) 
from fire detectors mounted above the transformer, 
operating personnel rushed to the location and observed 
huge smoke inside the room and fire inside the 
transformer cabin. Transformer tripped on HT side 
earth fault resulted LV side also tripped. The protection 
for the transformer as per the setting acted and isolated 
from the power supply [1].  

The transformer cabin was very hot, approach to do 
firefighting inside the cabin was nearly impossible as the 
cabin was kept locked with key. Tap changing door glass 
was broken and after ensuring isolation of the 
transformer, fire fighting was attempted with CO2 fire 
extinguishers initially. But CO2 fire extinguishers could 
not do quenching of fire and flames kept arising due to 
the residual heat in the transformer core.  The 
transformer cabin panels which were bolted were 
removed with difficulty to access the fire inside the 
panel.  

The surface temperature of the transformer enclosure 
was very high. All the available CO2 fire extinguishers in 
that building were utilized but the fire kept arising 
again. Hence, we were forced to use Dry Chemical 
Powder (DCP) extinguishers to control the fire and to 
avoid spreading of fire to the nearby equipment. The 
extent of the fire and smoke can be seen from Fig. 3. The 
carbon / soot deposit on the soffit of the ceiling of the 
building above the transformer enclosure indicates the 
extent of flame.  

Transformer was energized in July 2012 and is in 
service continuously.  But the load on the transformer 
always below the 50% of rated load.  During the fire 
incident also, the load was around 80 A where rated full 
load current on HT side was 218 A. While verifying the 
Micom P122 protection relay records, it is observed that 
the current flow in the HV windings during the incident 
are R phase is 8 A, Y phase was 350 A, B phase was 250 
A and Neutral was 110 A. The Table 1 shows the setting 
parameters and actuals after quenching the fire. In 
house committee was constituted to analysis the root 

cause for the fire of the transformer. In addition to that 
analysis has been made separately and deliberated in 
this paper. 
 

 
(a) 

  
(b)                                    (c) 

Fig. 3 (a) Transformer windings after flashover; (b) 
Topside of the winding with carbon deposition ;( c) Side 
view of the transformer. 

Table 1. Relay settings for the transformer with PCC. 

Description of 
parameters ETAP setting 

Imple
mented 
at site 

Recoded in the 
MICOM relay 

IDMT over 
current 
protection (VI 
curve)-51 

CT ratio: 300/5, Full 
load current of the 
transformer 218A, 
Pick up current 
considered 240A.  

Setting 0.8 
TMS 0.475 

No 
change 

R-phase 8.0A 
Y phase 350A 
B phase 250A 
 
Trip –No. 
Trip timing as per 
the fault current. 
16 sec 

Instantaneous 
Over current 
protection -50 

Setting 12xIn 
(3600A) 
Instantaneous 

No 
change 

 

IDMT Earth 
fault current 
protection 
(DT)-51N 

CT ratio: 300/5, Full 
load current of the 
transformer 218A, 
Pick up current 
considered 60A.  
Setting 0.2 
TMS 0.6 

No 
change 

Earth fault current 
recorded at site 
110A. 
Tripping time as 
per the fault 
current 600ms 
Actual tripping 
time 845ms. 

IV. INITIAL VISUAL INSPECTION  

On physical inspection of the Transformer, it was found 
that Y-phase limb on HT side was in flashed condition 
and many locations in the transformer was carbonized. 
Due to more temperature in Y phase of the transformer, 
remaining phases (R & B) HV winding surface also 
carbonized. A closer view of the Y phase HV winding are 
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shown in Fig.4. where the insulations came out of the 
winding. The LV bus bar connecting to the transformer 
bushing also got cracked for all the three phases [2]. 

 
Fig. 4. Failed Y- Phase winding insulation and winding 
top side view. 

Faults may occur in different parts and components of 
the transformer due to mechanical, electrical or thermal 
stress caused due to different conditions. Windings are 
an important part of a transformer. The windings 
withstand dielectric, thermal and mechanical stress 
during this process. The faults that occur in the winding 
are due to these stresses. This causes the breaking of the 
windings or the burnout. Dielectric faults occur in the 
winding due to turn-to-turn insulation breakdown. These 
are the insulation between the turns of the winding. 
Insulation breakdown commonly occur due to high 
current and voltage, which are high above the rated 
values [3]. The breakdown of the insulation results in 
the flashover of the winding turns and cause short 
circuit.  

The windings are usually of copper. Due to the copper 
line resistance thermal losses occur. These thermal 
losses make hotspots in the winding due to lack of 
maintenance. This over time causes wear and tear and 
the decrease of the physical strength up to the point of 
breaking of the winding. Mechanical faults are the 
distortion, loosening or displacement of the windings. 
This results in the decrease of the performance of the 
transformer and the tearing of the turn-to-turn ratio. The 
main reasons that cause this fault are the improper 
repair, lack of maintenance, corrosion, vibration and 
mechanical movement within the transformer. Insulation 
degradation due to environmental condition. Dust 
ingression and accumulation of moisture due to weather 
condition at site may be a reason for the failure. The 
room does not have adequate air exchange arrangement 
to keep out the moisture atmosphere in around the 
transformer panel. Hence, from the first phase analysis 

the failure is due to the insulation of the winding, which 
got failed and flash over happened while all electrical 
protection acted. Further study/investigation to be 
carried out on this aspect. 

V. FAILURE ANALYSIS 

The transformer was manufactured in 2010 and 
commissioned in 2012. The transformer was kept out of 
service for two years. After it was commissioned, 
following test was done periodically as tabulated in 
Table 2.   

Table 2. Status of the test conducted for the 
transformer from the period of 2011-2019. 

Test conducted Year of 
conduction 

Status of test 

Insulation 
Resistance test 

2011 to 2019 ok 

Winding 
resistance test 

2011 to 2019 ok 

WTI checks 2011 to 2019 ok 
No load test 2011 to 2019 ok 
Polarity test 2011 to 2019 ok 

It was proposed to carry out partial discharge test on 
sample basis in one of the PCC transformer to ascertain 
healthiness of the winding insulation. Accordingly Test 
conducted with the test kit OMICRON MPD600.  Test kit 
is connected with B-phase of transformer (HT side) and 
then calibration was done with background value about 
120pc. Test was started by closing the HT breaker to 
charge the transformer with downstream breaker kept 
racked out condition. The observed PD value is 198nc. 
Reason for High value of PD was found that inclusion of 
HT cable from breaker end to the transformer.  

It was suggested that to find the exact value of PD of HT 
winding, the transformer is to be back charged from LT 
side with HT cable in open condition at transformer end.  
Accordingly all the HT cables were removed at 
transformer end and following modification made. 

·  Bypassing of 2/3 logic,  

·  Bypassing of upstream interlock logic,  

·  Increasing the Time Multiplier Setting TSM) in 
Feeder Vision Numerical Relay (FV2) from 0.32 
to 0.62 of incomer and bus coupler. 

Test was repeated for individual phases by closing the 
LT breaker to charge the transformer. The observed 
value of PD was tabulated in Table 3. 

Table 3. The Partial Discharge values at all the three 
phases of the healthy transformer on sample basis. 

R Phase Y phase B phase 

4350pc 
(4.35nc) 

10640pc 
(10.64nc) 

13650pc 
(13.65nc) 
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The above test was completed and system reverted back 
to normal condition. The PD test was conducted in one 
of the 2500 kVA transformer at manufacturer site and 
the value indicated in the report was 16pc. It was 
concluded that the PD value shown for the above 
transformer seems to be high in all phases. While 
preparing information data base,  factory test results or 
commissioned test results should always be taken as a 
reference. a trend analysis for available data should be 
made. With variation in a particular data, condition 
monitoring only pertaining to that particular parameter 
should be done. 

Fig. 5 and Fig. 6 shows the new transformer winding 
insulation during erection and the failed transformer 
winding insulation respectively.  

There are different modes of failure of transformer as 
listed below:  

·  failure due to electrical breakdown 

·  failure due to mechanically breakdown  

·  failure due to thermal breakdown. 

All the three modes of failure contribute significantly in 
transformer failure, but in these three modes the thermal 
breakdown should be given priority for failure cause. 

 
Fig. 5. A fresh transformer shows the arrangement and 
tightness of R, Y and B Phase.  

 

Fig.6 The failure of the insulation that came out from the 
transformer Y phase winding.   

In the thermal analysis of a typical 2500kVA transformer 
carried out during the middle of 2018, the Fig. 7 shows 
clearly that top of the transformer side higher 
temperature noted. [4-5].     

  
(a) (b) 

  
(c)            (d) 

Fig. 7 (a) thermal image of the a one phase of the PCC 
transformer with upper half side, (b) thermal image of 
the all the three phase of the PCC transformer,              
(c) thermal image of the a one phase of the PCC 
transformer with lower half side, (b) thermal image of 
all the three phase top side of PCC transformer. Some of 
the existing records from factory and plant routine test 
reports are also thoroughly  reviewed and details are as 
follows, 

·  Heating due to load: It is understood from the data 
provided that the load is less than 50%, the design 
was done for rated load and by considering over 
loading condition as per standard. Temperature rise 
test was also conducted at works before dispatch and 
found within limits. Hence, it cannot be concluded 
that heating due to load alone has resulted in the 
failure. 

·  Over Voltage: The design for the di-electric 
withstand limits have been verified and it was found 
well within limits.  The same was concluded by 
during routine tests and type tests at works i.e. from 
factory records. 
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·  The design has been verified and found that all 
parameters were well within allowed safety margins. 

·  Remaining 25 transformers are in service and giving 
satisfactory performance in the same plant. 

·  Dust accumulation resulted in failure, which gives 
impression of inadequate maintenance practice and 
procedures being followed. 

·  The casting process records of these transformers 
were also checked, there were no abnormalities 
found in the records.   

·  Impulse and short circuit and partial discharge tests 
on sample basis were conducted and results were 
found satisfactory.  

Hence from the above, the failure of this transformer 
may be due to dust accumulation and inadequate cooling 
provisions available at the transformer room [6]. In 
addition to this lack of maintenance practice / 
procedures adopted for these kind of transformers were 
also a reason for the failure. 

VI.   LESSONS LEARNT  &  RECOMMENDATIONS 

The following measures need to be taken at site for dry 
type transformers.  
 
·  The dry type transformer room should be relatively 

clean and neat. 

·  Adequate air changes to be made and frequently to 
be monitored and recorded for easy reference. 

·  Required quantity of CO2 fire extinguisher to be 
provided near such dry type transformers. 

·  Approved maintenance procedure including JHA to 
be circulated among the working personnel’s and 
shall be adhered strictly at site. 

·  The transformer room should not have openings for 
entry of unconditioned air. 

·  All the screws/locks/shrouds to be tightened after 
completion of work at panel/transformer/bus duct for 
preventing entry of vermin. 

·  Ventilation level in the electrical equipment room has 
to be monitored and to be improved. 

·  Unwanted hardware or metallic dust particle 
deposition inside the winding if any to be checked. 

·  Accumulation of dust between the windings segments 
has to be removed by using soft cloth & smooth 
surfaced stick/brush. 

·  Periodical cleaning of the transformers i.e. once in 
six months to be done. 

·  Anti rust paint to be applied for all the transformer 
core wherever approachable to avoid core rusting 
and also periodic core bolt tightness to be checked to 
avoid core bolt looseness.  

VI.  CONCLUSION  

Electrical Fire in a nuclear power plant will cause 
severe impact on the safety of personnel, equipment and 
plant. Any such incidents should be avoided in the 
incipient stage itself. Adequate provision for prevention, 
protection, deduction, mitigation of electrical fire has 
been provided in PFBR. To improve this, few 
recommendations are arrived out based on the visual 
inspection of the transformer failure, failure analysis, 
thermal analysis and PD test etc. In addition, proactive 
steps to be taken for other similar dry type transformers 
to avoid such type of failure in future are given. 
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ABSTRACT  

A centrifugal, single stage, bottom 
suction, vertical shaft type secondary sodium 
pump (SSP) circulates sodium through secondary 
sodium loop to extract heat from primary sodium 
loop in Intermediate Heat Exchangers (IHX) and 
transfer it to the steam-water circuit through the 
Steam Generator (SG). 30 Ton Electrically 
Operated Monorail Hoist is used for lifting, 
shifting and positioning of SSP from erected 
location to Steam Generator Building (SGB) 
outside and vice-versa. SSP-2 replaced with new 
SSP due to pump jam with sodium. Unable to 
handle the SSP with 30 Ton Hoist due to head 
room clearance. Another 15 Ton Hoist with 
suitable wire rope was erected on the same rail 
and completed the SSP replacement. This paper 
focus on the safety measures taken during SSP 
replacement using 30 Ton and 15 Ton Hoist with 
single rail and single control panel.  
 
Keywords: secondary sodium pump, 
Intermediate Heat Exchangers, Steam Generator, 
Hoist. 
 
INTRODUCTION  
 Prototype Fast Breeder Reactor (PFBR) 
is a 500 MWe, sodium cooled, pool type, mixed 
oxide (PUO2+UO2) fueled reactor with two 
secondary loops. The primary sodium circuit 
(PSC) removes the nuclear heat generated in the 
core and transfer it to the secondary sodium 
circuit (SSC) through IHXs. The secondary 
sodium circuits in turn transfer the heat to 
steam/water circuit (SWC) through SG.   
 The secondary sodium main system 
consists of two independent but identical loops, 
each one transferring half of reactor power 
(626.5MWt). Both the loops are kept in two 
independent and physically separate building. 
The sodium inventory in each loop is about 
205ton. Each secondary sodium main loop 

consists of 1. One secondary sodium pump, 2. 
Two IHXs, 3. One surge tank, 4. Four SG 
modules, 5. Associated piping and valves. 
 The storage tank, pump tank and surge 
tank are provided with cover gas at 3 bar and all 
these cover gas spaces are interconnected by 
means of argon balance line with isolated valves 
and they are maintained at same pressure. These 
valves on argon balance remain in locked open 
condition with administrative control during 
reactor operation. Argon balance line between 
pump tank, surge tank & storage tank are 
provided with electrical heating cables, surface 
thermocouples and insulation. The storage tank 
and surge tank are provided with argon supply 
and vent lines. A line is connected from surge 
tank to storage tank, to drain the overflow sodium 
from surge tank to storage tank. Similarly, a line 
drain the leak off sodium from pump tank to 
storage tank.  

Overhead monorails are primarily used 
to lift large or heavy items and move them 
horizontally. Monorails can be driven manually 
or powered. Power-operated overhead monorails 
systems are typically powered by air, hydraulics, 
or electricity. Overhead material handling 
systems can be supported on single or multiple 
girders and can be top-running or bottom-
running. Bottom-running systems travel along the 
bottom flange of the supporting beam and are 
typically associated with monorails and bridge 
cranes. Multiple girders and top-running systems 
are typically not associated with monorails but 
rather with overhead or gantry bridge cranes.   

Various capacity (upto 30Ton) of 
Electrically Operated Monorail Hoist was used 
on PFBR for material lifting and shifting of 
materials, semi-finished/ part of system/ 
equipment etc. 30 Ton electrically operated 
monorail hoist was installed for lifting and 
shifting of SSP form SGB outside to SSP erected 
location and vice-versa. Unable to handle the 



faulty SSP with existing 30 Ton Hoist due to head 
room clearance. Another 15 Ton Hoist with 
suitable wire rope was erected on the same rail 
and completed the SSP replacement.  The 
forthcoming session, the 30 Ton clearance issue 
and its resolution are described in detail.  
 
Secondary Sodium Pump (SSP): 
 The secondary sodium pump is a bottom 
suction, single stage, vertical shaft centrifugal 
pump with a fixed shell called pump tank having 
free sodium level. The space above the sodium is 
filled with an inert cover gas viz Argon. The 
pump cover gas is connected to the surge tank 
cover gas. The pump is removable from the top. 
The shaft is guided by a hydrostatic bearing at the 
bottom and a thrust bearing at the top. Three 
mechanical seals, cooled by oil, are provided at 

the top to prevent the leakage of argon cover gas 
to atmosphere. The pump is located in the cold 
leg of the circuit at lower elevation with respect 
to the SG. The pump speed is varied between 15 
and 100 %.  

The pump shaft is of composite 
construction with a hollow middle portion welded 
on either side to solid ends. A shaft based on 
critical speed is uniformly hollow. The shaft 
sealing is achieved by means of a triple 
mechanical seal with oil as buffer fluid. Two 
independent oil circuits are provided. One for the 
bottom mechanical seals and another for the top 
bearings and mechanical seal assembly. There are 
two oil catch pots in series on below bottom seals. 
Each catch pot is having an oil deflector to direct 
any leaking oil to the respective catch pots. 

 
Table – 1: SSP Characteristics 

 

Type o Pump Centrifugal, free 
surface, Vertical Single 
stage, bottom suction 
pump 

Capacity 3.34 m3/s 
Discharge head 65 mlc 
Speed 900 rpm 
NPSHR 3% 16.9 mlc 
NPSHA 30.1 mlc (min.) 
Speed control range 15 to 100% of nominal 

speed 
Normal operating 
temperature 

355OC 

Maximum Operating 
Temperature 

450OC 

Cover gas pressure 3 bar (g) 
Sealing pressure Triple mechanical face 

seals with oil buffer 
fluid 

Pump power 2330 kW 
Input Voltage 6.6kV AC 
Total height 5550 mm 
Total pump weight 25 t ( excluding 

flywheel and motor) 
Flywheel weight 4t 
Moment of inertia 1170 Kgm2 
Motor Weight 14 t 
Seismic Category 2 (OBE) Operation 

Basis Earthquake 
Direction of rotation Anti-clockwise  Fig. 1. Secondary Sodium Pump 



The high pressure pump discharge region 
is separated from the relatively low pressure 
pump cover gas region by means of an upper Slip 
Joint (USJ). The USJ comprises of "piston ring" 
type seal mounted on a receptacle which in turn 
is fixed to the inner shell. The corresponding 
mating faces on the pump outer shell is hard 
faced. The function of this seal is to keep the 
liquid sodium leaking from the high pressure 
region to the low pressure region, as small as 
possible. 
 Top bearing is of tilting pad type to take 
care of the axial thrust (14.2 tonnes). In order to 
avoid long shaft overhang, the bottom hydrostatic 
bearing is located underneath sodium just above 
the impeller. Therefore, it becomes necessary that 
the bottom hydrostatic bearing be lubricated by 
sodium. Pressurized sodium for lubricating the 
hydrostatic bearing is taken from the pump 
discharge through holes provided on the 
discharge casing (6 nos of 22 mm diameter). A 
nominal diametral clearance of 800 µm is chosen, 
so as to have smooth running of the bearing with 
reasonable leakage flow. The bearing surface is 
hard faced with Nickel based alloy to 
accommodate the minimal rubbing that 
inevitably occurs during pump start up and shut 
down. 
 
Electrically Operated Monorail Hoist 

 30 Ton Indef wire rope Hoist 
was installed on the SGB-2 60 m elevation and its 
control panel is located on 38 m elevation for SSP 

and its associated equipment lifting, shifting and 
erection application.   

The hoisting motion (lifting or lowering) 
of electric powered hoists is achieved by the 
operator grasping and activating a control device. 
The control device has push buttons that energize, 
through a series of contactors and other electrical 
components, an electric motor. The electric motor 
transmits power through the hoist gearing to the 
hoist load through hoist drum; thereby, lifting or 
lowering the hoist load hook. Hoist lifting and 
lowering controls are usually push buttons 
mounted in a pendant control enclosure 
suspended from the hoist. The control device 
used to lift and lower hoist motion may also 
contain controls for other motions or functions. 
Such controls include: trolley travel, overhead 
crane travel, power on/off, emergency stop, 
motions associated with below-the-hook lifting 
devices, and other special functions associated 
with a specific application. Examples of such 
control markings may include: UP/DOWN; 
RIGHT/LEFT; SPEED SELECTION; 
START/STOP; etc. 

Hoist and Travel motors speed are 
controlled using Variable Speed Drives (VSD) by 
varying the Variable Voltage Variable Frequency 
(VVVF) of incoming AC source. 15kW/20HP 
Altivar 71 (ATV71HD15N4) and 1.5kW/2HP 
Altivar 31 (ATV312HU15N4) Schneider Electric 
VSDs are implemented on the 30Ton Hoist 
application.  

 
Table – 2: 30 Ton Hoist Specification  

 

Capacity 30 Ton 
Lifting Height 23 meters 
Travel Length 19 meters 
Travel path Curved 
Hoist Brake DCEM Disc 
Travel Brake  ACEM Disc 
Trolley Buffer Rubber Type 
Trolley Motor 0.55kW – 2 Nos 
Hoist Motor 15kW 
Trolley Wheel En-9 – 8 Nos 
Wire rope 6x36 24mm dia 
Rope Drum Seamless pipe ASTM 

A 53 Gr–B Fig. 2. 30Ton EOT Crane 
 

 



Secondary Sodium Pump Handling Issues 
 As per the design of 30Ton Hoist 
installed for SSP lifting and shifting 
application, the Hoist was located on the 57.12 
meter height, lifting height is 23 meter, 
headroom height is 2.55 meters and total reach 
is 25.55 meters. The material lifting is possible 
from 30 meter elevation which is access 
provided for material entry from open space to 
SGB inside and material travel/ long travel is 
possible at 45 meter and above elevation only.   
            The overall material height possible to 
travel on the 45 meter and above with the 
existing 30Ton Hoist is 7.5 meters maximum if 
any other hindrances are not persist.  
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 The sodium pipe lines and other 
support structures erected and commissioned 
on the travel path and as per the site condition 
the maximum height of material can able to 
transport with the existing 30Ton Hoist is 6000 
mm only. But secondary sodium pump height 
alone is 6162 mm and overall height of SSP 
with motor is 10685mm, hence the SSP alone 
cannot able to handle with existing 30Ton 
Hoist.     
 The above issues are studied in details 
and finally recommended to erect other 
Electrical operated Hoist on the same beam 
which is suitable to handle the SSP and its 
accessories.  
 
15 Ton Electrically Operated Hoist proposal  
 In order to achieve the SSP 
replacement the following ways are proposed. 
 1. Headroom height 
modification/reduction - four fall of wire rope 
type Hoist is installed, if 500mm of reduction in 
headroom height will impact on the drum size, 
lower or upper limit control and overall size etc. 
 2. New/ another electrically operated 
Hoist installation – the Manual/Air power 
operated hoists are not suitable to handle the 10 

Ton weight during long travel. Hence 
electrically operated hoist is accepted.  

Total weight of SSP including electric 
motor and bearings is 25 ton, 3.6 MW electric 
motor weight is 14 ton and SSP weight is 11 ton 
approximately. Hence 15 Ton Electrical 
operated Hoist is suitable for handling both SSP 
and its electric motor. If the existing 30Ton will 
be replaced with 15 Ton, unable to handle the 
other materials having capacity 15 Ton and 
above. Finally concluded to erect 15 Ton 
Electrical operated Hoist on the same beam in 
addition to 30 Ton, the 30 Ton always in poised 
state (ready to operate) and whenever required 
15 Ton will be operated using 30 Ton control 
panel with trailing cable interchange from 30 
Ton Hoist Junction Box to 15 Ton Junction Box 
then normalized.  
Table – 3: 15 Ton Hoist Specification  
Capacity 15 Ton 
Lifting Height 23 meters 
Travel Length 24 meters 
Travel path Curved 
Hoist Brake DCEM Disc 
Travel Brake  ACEM Disc 
Trolley Buffer Rubber Type 
Trolley Motor 0.37kW – 2 Nos 
Hoist Motor 9.3kW 
Trolley Wheel En-9 – 8 Nos 
Wire rope 6x36 22 mm dia 
Rope Drum Seamless pipe ASTM 

A 53 Gr–B 
            15 Ton INDEF wire rope electrically 
operated Hoist with trolley was erected on the 
same beam. 15 Ton Hoist headroom height is 
1.84 meter, lifting height is 23 meter and long 
travel length is 24 meters (the boom is extended 
5000mm for Hoist parking).  

          The total material height 
allowable for long travel is increased to 
6710mm because the 15 Ton hoist headroom 
height is 710mm lower than the 30 Ton hoist 
headroom. The total height of SSP during travel 
is 6662 mm (including spider height) and 
around 200 mm clearance is available for 
handling the SSP.  

 
Erection, testing & commissioning of 15 Ton 
Hoist and SSP replacement.  
 The following activities are taken 
during erection, testing and commissioning of 
15 to electrically operated monorail hoist and 
SSP replacement.  



1. 15 ton hoist Parking provision: The long 
travel length of monorail Hoist is 
extended by 5000 mm for 15 Ton Hoist 
parking and to maintain the 30 Ton long 
travel length same as 19 meters. 5000 mm 
boom having weight 1 ton approximately 
was erected on the opposite end of 30 Ton 
parking position. 

2. Erection of 15 Ton Hoist: 15 ton hoist 
weight is 1 ton approximately.15 ton hoist 
is lifted up to headroom by using 30 ton 
hoist and then 15 ton hoist is position by 
using the 30 ton hoist and 5 ton pulley. By 
using the scaffolding with ladder 
arrangement, the workers (mechanic) 
allowed to carry out work.   

3. Trailing Cable Connection Inter Change: 
After positioning and erection of 15 ton 
hoist, the 30 ton hoist is rested at it 
parking location. The trailing cable 
connections are interchanged from 30 ton 
hoist EJB to 15 ton hoist EJB. 15 ton hoist, 
hoist motor and long travel motor 
parameters are entered to respective VSD 
(AVT71 & AVT31) as per table – 4. 
Hoisting and long travel operations for 
speed – 1, 2 & 3, lower limit, upper limit, 
left side end limit and right side end limit 
are verified and found satisfactory. 

4. Mock-up test and Load test: Load test up 
to 125% of rated capacity is carried out 
throughout the travel length and results 
are in good condition. SSP mock-up was 
prepared and operation 15 ton hoist with 
SSP mock-up is carried out successfully.  

5. Faulty SSP is lifted, shifted and 
positioned on the inspection facility by 

using 15 ton hoist. Faulty SSP is lifted & 
shifted with suitable safety rubber 
enclosure to avoid the depleted sodium 
interaction with environment and avoid 
sodium fire. Proper safety precautions are 
carried out while removing and 
transporting SSP and PPEs are followed.  

6. New SSP was lifted, shifted and position 
on the original location of SSP. Loading 
of hoist was regularly verified during 
position of SSP to avoid wear & tear of 
SSP with enclosure and PPEs are 
followed.  

7. 15 ton hoist was rested on its parking 
position (extended boom) and the trailing 
cable connections are changed to 30 ton 
hoist. 30 ton hoist, hoist motor and long 
travel motor parameters are entered to 
respective VSD (AVT71 & AVT31) as 
per table – 4. Hoisting and long travel 
operations for speed – 1, 2 & 3, lower 
limit, upper limit, left side end limit and 
right side end limit also verified and 
results are good.  

 
Conclusion: 
 Secondary sodium pump and its 
accessories are lifted, shifted and positioned by 
using alternative operation of 15 Ton and 30 Ton 
electrically operated Hoist successfully by 
interchanging the trailing cable from 30 Ton to 15 
Ton and vice-versa. The safety measures are 
taken perfectly during connection interchange 
and Hoist operation. The safety limit of each hoist 
are verified and load test are carried out before 
commencing the hoist operation.   

 
Table – 4: Motor parameters entered to Variable Speed Drives.  
Description Hoist Motor Long Travel Motor 

30 Ton Hoist 15 Ton Hoist  30 Ton Hoist 15 Ton Hoist  
Rated Power 15 kW 9.3 kW 0.55 kW 0.37 kW 
Rated Voltage 415V  415V 415V  415V 
Rated Current 27 A 21 A 0.7 A 0.5 A 
Rated Frequency 50Hz 50Hz 50Hz 50Hz 
Rated Speed 1450 RPM 935 RPM 1450 RPM 1450 RPM 
Speed – 1  5 Hz 5 Hz 5 Hz 5 Hz 
Speed – 2 25 Hz 25 Hz 25 Hz 25 Hz 
Speed – 3 50 Hz 50 Hz 50 Hz 50 Hz 
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ABSTRACT:  
 

The construction of Nuclear Power Plants is a major step towards a promise on green, clean and safe 
power generation. However, some of the incidents in the past have raised questions about the safe and reliable 
operation of nuclear power plants. Mainly the nuclear power reactor design and system evolution has been 
based on the logic of minimization of risk to an acceptable level and its quantification based on a deterministic 
approach and backed up by a further probabilistic and futuristic assessment. However, in spite of minimization 
of risk, the reasons for trauma in public mind that still prevails in the context of severe accidents needs to be 
understood and addressed. A more realistic basis for management of an accident in public domain also needs to 
be quantified for this purpose.  

The paper presents the case studies of the events in Nuclear Power Projects, its severity and the lessons 
learnt to update the error database. Designing Proper Tools/ Safety methodologies surely will avoid the future 
accidents at all other Nuclear Establishments.  

 
Keywords: futuristic assessment; deterministic approach; green, clean and safe power; Safety methodologies; 

minimization of risk. 
 

1.0   INTRODUCTION:  
 

   Nuclear Power Corporation of India Limited (NPCIL) is a Public Sector Enterprise under the 
Department of Atomic Energy (DAE), Government of India and is engaged in siting, design, construction, 
commissioning and operation of Nuclear Power plants for generating of electricity from nuclear energy. 
NPCIL is committed to perform all its activities with a high degree of technical competence and ensure 
nuclear health and environment safety as par with international safety standards. NPCIL shall strive for 
achieving excellence in safety standards in all its activities where safety of nuclear facilities, its employees, 
members of public, environment and any other stake holders is involved [1]. 

 
   Safety, Health and Environment (SHE) is an umbrella term for the laws, rules, guidance and 

processes designed to help protect employees, the public and the environment from harm. In the 
workplace, the responsibilities for designing and implementing appropriate procedures is often assigned 
to a specific department, often called the "HSE" department which is responsible for environmental 
protection, occupational health and safety at work. HSE management has two general objectives: 
prevention of incidents or accidents that might result from abnormal operating conditions and reduction of 
adverse effects that result from normal operating conditions. 

 
  From a health & safety standpoint, it involves creating organized efforts and procedures for 

identifying workplace hazards and reducing accidents and exposure to harmful situations and substances. 
It also includes training of personnel in accident prevention, accident response, emergency preparedness, 
and use of protective clothing and equipment [2,3]. 

 



 

 

  From an environmental standpoint, it involves creating a systematic approach to complying with 
environmental regulations, such as managing waste or air emissions all the way to helping site's to reduce 
the company's carbon footprint. Successful HSE programs also include measures to address ergonomics, 
air quality, and other aspects of workplace safety that could affect the health and well-being of employees 
and the overall community [4,5]. 

 
  Basically, the objective of this paper is to study the incidents at various nuclear power projects 

their consequences, lessons learnt and their compliance at Kaiga Site and to suggest appropriate 
recommendations to improve and maintain safety and health of the plant workers & public. 

 
2.0    LESSONS LEARNT FROM RECENT ACCIDENTS/INCIDENTS IN NPPs  

2.1    INCIDENTS-1 

   a) Description of Incident 

On 29.03.2019 at GHVP Hissar Project site between Grid V-W, Ground Improvement work 
was in progress in main plant area. Dumper driven by Shri Gurmesh Singh after loading mixed soil 
from WMM and unloaded the soil between grid in main plant area. After unloading the soil between 
Grid V-W, the dumper headed towards WMM for loading mixed soil. While moving towards WMM 
plant, the said dumper dashed the Civil Supervisor Mr. Vinod Kumar. Shri Vinod Kumar expired in 
Sarvodaya Hospital, Hisar while medical treatment on 02/04/2019.  

         b) Root Cause  

During the investigation, it was found that the dumper driver Sh. Gurmesh Singh had reported to 
the concerned supervisor that he was feeling sleepy. During the investigation it was found that 
insufficient lighting, demarcation of vehicle movement area and other safety related precautions were 
taken by the Contractor. The flag man was available for controlling the movement of the vehicle and to 
indicate the dumping location. The vehicle driver Sh. Gurmesh Singh admitted that it was happened 
without his knowledge. The committee observed that due to covering the reflecting jacket by blanket the 
driver might not have seen Shri Vinod Kumar. 

          c) Lesson Learnt: 
         

1. Supervision: it has been established during the investigation that was there was lack of immediate 
action by the supervisor during the execution of the work. 

2. It has been established that the driver was suffering from fatigue. 
3. The authority Level of the supervising staff should be raised to have effective supervision and   

control. 
4. Supervision: the work & safety coverage from the contractor side needs to be briefed. 
5. In general, extended shift should be avoided and the round-the-clock work should be carried out 

in three shifts. Safety is the responsibility of each and every person working at site. The same shall 
be ensured in each and every activity at work place at all-time [6]. 

6. Methodology and job procedure: during the investigation, it was found that the job procedure 
prescribed was not deviated while ground improvement.  

  

 



 

 

   2.2 INCIDENT-2 
 

a) Description of Incident         
  
     On April 16, 2019 at KKNPP-3&4 it was reported that, Shri Inbaraj. An aged 36 years, a 

contract employee of M/s L&T (HTS Group) fell down an excavator, from a height of around 2.5 m at 
around 23:15 hrs on April 15,2019 while attempting repair of a hydraulic hose of the excavator. He 
was shifted immediately to the first aid centre and Further he was admitted in Kanyakumari 
Government Medical College Hospital by around 01:00 hrs on April 16, 2019 for further treatment. He 
was admitted in ICU with full life support. While under medical treatment he died at about 07:35 hrs.
           

b) Root Cause: 

  Lack of hazard identification and risk assessment; consequent failure in implementation of 
measures to prevent fall from height.        
     

c) Lessons Learnt 

1. In case of accidents involving serious injuries, the first aid Attendant should immediately         
provide necessary first aid and should move along with the patient after consultation with medical 
officer without wasting time. 

2. Work at hazardous locations should be carried out under supervision. 
3. All areas should be Illumination of 100-150 lux. 
4. Job specific training and competency level of workers shall be ensured while deputing them for 

potential hazardous jobs. 
5. Safe access and work platforms shall be provided for all works at height based on job hazard 

analysis and risk assessment. 
6. All breakdown maintenance of construction machinery shall be carried out through Work Permit 

Systems.[7]  
 

 

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

  2.3     INCIDENT-3 
 

a) Description of Incident 
 

  At Kaiga 3&4 site on October 25, 2006 a contract worker died when a scaffolding pipe had 
fallen from 30 meter height and hit his head. Fall of material from height is a substantial 
construction hazard and is among the leading causes of serious and fatal injuries of construction 
workers all over the world. On October 25, 2006 contract workers were erecting pipe supports at 
30 m height for a mechanized concrete supply pipe used to transport concrete from ground. Pipe 
supports were scaffolding pipes of 40 mm diameter, 6 m length and weighing about 25 kg. Pipe 
supports were being erected along the circular DOKA platform. 

 
          
b) Root Cause  

1. Inadequate review of Job Hazard Analysis. 
2. Weakness in hazard identification  
3. Shortcomings in job execution and supervision. 
4. Weaknesses in safety enforcement and training on the use of personal protective 

equipments like helmets.  
 

c) Lessons Learnt: 
 

1. JHAs should be carried out in comprehensive manner by identifying all hazards during the 
execution of job with corrective measures to eliminate hazards or reduce hazards As Low As 
Practically Possible (ALARP).  

2. Line managers and safety team shall carry out periodic safety surveys to identify and correct 
hazards at work place.  

3. No loose materials shall be kept at height.  

4. Use of helmets and importance of tying chinstraps of helmets should be emphasized during the 
Industrial Safety induction training of contract workers.  

5. Safety nets should be provided in areas where works at height are being performed to prevent 
injuries due to fall of objects.  

6. Wherever work at height is in progress, entry to bottom area should be prevented by barricading 
and caution tag [8].  

 

 

 
 



 

 

CONCLUSION 
 

The incidents of Nuclear Power Stations and the lessons Learnt from the incidents are listed out. 
These lessons are the tools to avoid the similar types of accidents from recurring at other 
plants/Projects. Designing Proper Tools/ Safety methodologies surely will avoid the future accidents at 
all other Nuclear Establishments. 
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������������������������
�)�������������# �"������ ���������� ���)�"���� ���������#������ ���� �#������������ ���� �����*�#��

���������������������� �������#�������� ��� ���������� ������ ������ ���� ���� ��������
���������#�����#�� ���� �������� ������ ������������������������������ �
�������� �������+����������
�����
���� ���������������� ���� �, ���� �"������ �"������ ���������� ���������������� ���� �,
�����#������ ������ �*���#�# ���� �����#�� ���� ������������ ������ ���������# �������� �#������
�������������� ���������������������� �����*���� ������ ���������� ���������������� ���������-�����-�#�����.����
��� �,�/�0 �1 ���� �, �� �����	������������������ ���������#������ ������ ���� ���� �������� ����
�������� ������ ������������������������������ �
�������� �������+���������� �������
����
�2�����������	 ���������������� ���� �����	�������# � �����+���������� ��� �3���4 �
�5���6 �7�/�0
�%�5�� ���� �8 ���6�, �� �#���+������ �����#�����	 ���9�5���� ���������� �"������ ����������������
������ �������� ���������������� ���� �������� �������� ���������#���-�����#�#�� ���������- �����#�#
���������������� ������ ������ ���#���� ���������	�	���������� ���������-�����#�# ��������������
���������������� ��� ��������������

�$�� ���������� ������������ �� ������������ ������ ���	�	���������� ���� �#���+������ �����#�����	
������ ������������ ������������ ������ �)�"�� ���� ������������������������ ������ ���������#��������������
���������������������� �! �#���* �����*���� �������������������� �*������ �����1�� �
��
�����#�������� ���� �������#������ ���� �� ������������������������������ ������������ ������ ��
�+�����#������ � ���������� ���:���� �*�������� ���� �� �	������������ ��� ������ �������� ��� 
������������ �#������ ���� ���� �#���+������ �����#�����	 ���������� ���� �	����������������

�9���+������ �����������	���������� ���� ������ �������� �������������� ���� ������

�	�������������� �: �����#���� ��� �������������; �� �������� �: � ���������� �	�������� ��������
������ ������������ �*���#�# ������������ ������������ ������ ������������ �����	������ �������� ���� ������
�#������ �����������	���������� ��� �#���+������ ������������ �������������� ������ ��������������
������������ �3 �������*�� ������ �����	���#�� ���������	�������� ��� �)�"�� ���� �*��������
������������ ���� ���	�	���������� ���� �#���+������ �����#�����	 ����������

�"������ ���������� ���������������� ��� �!�	������������ �������������� ��� �%�����������������#
�&���������������� ���!���%�&�� �������	������ �����#�����	 �����������# ������ �*�������� �9�5��
���� �������������� ���������� � ���� �7�/ �������� ������ ���� �������.�������� �*������ ��������������
�����������# �����#�#���� �����������	 �����������# ���������������� � ���� �#���* ���������������� ����
�������*�� ���� ������������ �,��

������������ �3�' �����	���#�� ���������	�������� ��� �)�"�� �*������ ������������ ���	�	����������
���� �#���+������ �����#�����	 ��������

�"�����#�� �3 �#���������� ������ �)�"�� �����#�����	 �����������# �����	���������������� �"������
�����#�����	 �����������# ���� �����������#�� ���� �����#�� ������ �4�,�8�8 �#���������� ��� �#���+������
�����#�����	�� �5���*�������� ������ �#���+������ �����#�������� ���������������� �����#���*
�����	�������� �#������ ���� �,�<�0�0 �#������������ �!�������	������ �/�0 �= � �#������������ ��������
� ���� ������������������ �, ���� ������ �����������# �*���#�# ���� �����#� � ���#�#���� ������ ������
�����#�� ���������# ��� �3�8�0�0 �#���������� ��� �, �� �#���+������ �*������������ ����������������������
������ ���������#�������	������ �����#���	�� ��� �������������� �������������� �!�������	���#����������
��� �������� ���	�������� ��� �, �� �#���+������ �*���#�# ������ �����+�������� ������ ����� ���#�# ��� 
���������������� ������������ �����	�� �����*���� �"���� �	���������� ��� ������ �#���+������
�������������������������� ���� ���������� �����#���	���� �*���#�# ���� �4�4�0 �.�� ������ �,�0�4



�.�� ���������������������#���� �"��������� ������ �)�"�� ������ �����#�� �	���>���	���	 �,�<�0�0
�#���������� �8���/ �� �#���+������ �*������ �3�0�0 �= � ���#�#������ �������� ������ �����#�� �3�8�0�0
�#���������� ��� �,�� �#���+��������

������������ �,�' �4�-�? �������* ��� �)�������������# �"������ ���������� �@�3�A

�"�� �	���.�� ������ �������� ���������� ���������� � ���� �������������� ��� �����
�� ������������
���� �, ���� �� �#�������� ���	�������� ��� �#���+������ �5���#�����	 ���������#������ ����
�����+���������� ���� �������# ������ ���������������� � �����	 �������	 �����	������������������
�
���������� �������������� ��� �������������� ���������������� �������* �������� ������ ���������#��
�����#�# ������ �/�-�����#�# ������������ �������� �����+�������� �����������>���	�������#�� �4�/�0�0 ������
�8�/�0�0 �#���������� ��� �#���+������ �����#�����	 � ���� �����	���#������ �������#�� ��������
�������#�������� �������# �����*�� ��� �����#�����	 �����������# � �����	 ���	���������� ���4�0�0����
������ ������������������ ������ �	�������������������� ������ �������� �����	���������������� ���� �,
���� �1�����#�� ��� �)�"�� �*���#�# ���� ���������������� ���� � ���#�# �������� ������� ������������������
���� ���������������� �*���#�# �����+�������� �	������ �������� �3�0�0�0�0 �#���������� ��� �#���+������
�����#�����	�� �5�������#������ ��� ������������������ �������-���� ���� �������� �� �#��������
�������#�� ���������� ��������� ���# ���#���������� �� �������������������������� �����������	 �#�������#
���>�������������� ������ ������������ �������#������������ ��� ����� ������ �����+���������	�������� ��� 
�*�����#�� �����������	�� �"���� �)�"�� ������ ���������� ����� � ���������� ������������������
���+�������	�������� ���������������� ���� �������#�������� �������#�� ������ ���� �������.
�����������������# ������ ���+�������	�������� ������ �����+���������� ��������� ���# �������#��������
������ ����� ������ �	�������������� ���� �������� ��� ���	���������������� �������������� ����������

�������#���������� ������ ����� � ���������� ����� ������ ���������������� ��� �)�"�� ������������������
�����������	 ������ ���������� �������#�������� ������ �	������������������ ���#��������

�����	 ���������
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�
 �	�
�������� �
���
�
���	���	
�9���+������ �����#�����	 ���� �����#�#���������� ���� �����#�����	 �����������# �*��������

������������ ���� ���	�	���������� ���� �#���+������ �������� � ���� ���������������������������� �4
�������*�� ������ �����	���#�� ���������	�������� ��� � �#���* �������������	 ��� ��������
�������������"���� �	���>���	���	 ���������� ���������������� ��� �����#�����	 �����������# ��� 
�)�������������# �"������ ���������� ���)�"���� ���� �7�/ ���������� �"������ ���������� �����#���� ����
������ �	���>���	���	 ���������������� �����#������ �� �����������# ������ �*����������������
����� ���#���� �!���� ���������������� �	������ �������� ������ ���������� ���������������� �	����
�#������ ���� � �����#������ ��� ������ �����������#�� �?��� � ���������� �������������#��
���������������������������� �	�������� ��� �)�"���� ���������������������������� ��� �����#�����	
�����������# ������ �������������������� �������������� �������� �������� �������#�������� ����
� �������������	������ ����������������������

������������ �4�'�����	���#�� ���������	�������� ��� � �#���* �������������	 ��� �������� ����������

������������������ ���	�
�
�������� �������
�
�
�������������	�� ���	�����
 �	�� ������
�$�� �������	���# ������������������ �������������������� ��� �)�"���� �����#�����	 �����������#

������ �����������	 �����������# ���� ���������������� �	������ �����#���* ������ �	���>���	���	
���������� ������������������ �5���#�����	 �����������# �������������������� �#���+������ �����#�����	 ����
���������������� ���� �� ���������������� �����������# ���7�/ ������������ �B���#���.�� ������ �����#�����	
�����������#�� �����������	 �����������# ���� ���������������� � ���� �#���* ������������������
�"��������� ������ ���������� �����������#�� ������������������ ���� � �����#������ ���� ����� � ����������
���������������� �������� �������������������� ������ ���������#�� ���� �������#���������� ��������� ���#�#��
���� �������� �	�������	���	 �������. � ���� � �����#�������� �!���� ���������������� �	������ ��������
������ ���������� ���������������� �	���� �#������ ���� ������������������������ � �����#������ ��� ������
�����������#�� �"���� ���������������� �������� �������������������� ���� �����������	 �����������# ������
�����#�����	 �����������# �������#�� ���� ���������������� ������ ���� �����	������ ��� 
�������������� ������ �������#�������� ����������

������������ ������������ ��������������� �!���"� �#�$ ���%���$�#�����$�#�$
�)���������	 �����������# �	���� ������ ���������������������� ������ ���� ������ ������ �#�����.

� �����	 ������ �����#�����	 �����������#�� �"���� �����#�� �����#�����	 � �����	 �����������# ����
�����#���������� �������� �����������	 �����������# ������ ���>������������ �������� ������
�����������	 �����������# ���� �����������	 �����������# ���� ���� ���������������������#�� �#���*����

�"�����#�� �3�� �)�"�� �����#�����	 �����������# �����	��������������

�5���#�����	 �����������# ���������� �������	�������� �4�7���4�, ��������

�5���#�����	 �����������# ���������� �������	�������� �4�7���/�0 ��������

�"�������# ���������� ��� �����#�����	 �����������# �3�C�3���4�/ ��������

�����	�������� �#������ �����#�� � �����	 ������ �,�7���< ��������

�2���� �#���������� ���� � ���#�# ������ �#���+������ �3�7�8���/�/ ��������

�9���+������ �����#���	�� ������ �������� �3�D �9�6��������

�9���+������ �����#�����	 �����#���	�� �4�,�8�8 �9

�9���+������ �����#�������� ���������������� �����#���*
�����	�������� �#������

�,�D�C�D �9

�)���������	 �����������#

�5���#�����	 �����������#



���������������� �������� ������ �����#�����	 �������������� �������� ������ ���������������� �����#���	��
�������������� �������������� �����.���� ���#������ ������ ������������������ ������ �����	����������������

������ ���������������� ��� �����#�����	�� �"������ ������������ �����#�����	 ������

������������ �8�' �����	���#������ ���������	�����������	���� �������������� ��� �������������� ������ ���������������������������� ��� �����������	 �����������#

������������ �/�' �����	���#������ ���������	�����������	���� �������������� ��� �������� �#������ ������ ���������������������������� ��� �����#�����	 �����������#

������������������ ������ �������� ���� ������ �����#�����	 �����������# ������ �������#�� ���#����
�������������������� ������ �����������	 �����������# ������������ ������ ���������� �����#���� ��� 
�����������#�� �E�#�����. �������������	 �������*�� ���� ������������ �8 �������*�� ������
�����	���#������ �������� ����������� ���� ������ ���������������������������� �������������� ��� 
�����������	 �����������#��

�&����� ���� ������������ ��������������� �!���"� �#�$ ���%���$�#�����$�#�$
������������������������ �#������ ��� �����������	 ���� ������ �	������ ������������ � ����

���������������������������� ��� �����#�����	 �����������#�� �?���������� �������������� ��� �����
��
�������������� ���������� ������� ������ ��� ������������ ���� ���>���������� ���� �, �����#������
�#���+������ ���� �����#�����	 �����������# ������ ���������� �����#���	�� ��� ������������ ����
������������������ �������������� ������������ �����������	 �����	�������� �����������	 ��� 
�������������� �"�������� �	���� ���� �#������ ��� �����������	 ���� ������ ���� ������ ������������
������ �������� �	���� ������������ ������ ���� � �����#������ ��� ������������ �����������	
�����������	�� �"������ ������������������ �*�����#�� �#�������� ���� ������ ������������������������ ��� 
������ ������������ ������ ������������ ������ �*���#�# �����#�������� ������ �������� �������� �#������ ����
�����#�����	 �����������#�� �"������ ������������������ �������#�� ���������#�� ���� � ������
���������������������� ��� �#���+������ ������ �*�����#�� �#������ ���� �+�������. ����������������
�������� ���� �����#�����	 �����������#��
�F�������� ������������������������ �#������ ��� �����������	 ���� ������ ������������ �#�����.������
��� ������ ���� ������ �����������	 �����������# ������ �����	�� �����������	�������� �*���#�#
������������ � ���� ������ �������� ��� ���������������� ��� �����#�����	 �����������#�� �$��
������������������������ �#������ ��� �����������	�� ������ ������������ �������������� ������ �����#��
���� �+�������.�#�� �������� ������ ���������-�����	�������� ���� ���������*�����#�	���� ������ ������
�����������	 �������	������ �+�������.�#�� ���������� ���� �����	���������������� ������������������ �$��
�������� �������������� ������ ������ ������������������ ������ � ������������ ������ ���������� ������
�������������������� �������� �#������ ���� ������ �����������#�� �E�#�����. �������������	 �������*��
���� ������������ �/ �������*�� ������ �����	���#������ ���������	�����������	���� ��������������
��� �������� �#������ ������ ���������������������������� ��� �����#�����	 �����������#��

�"���� �*�������� �������� �������������� �������������� ������������ ������ ���� ������
������������������������ ������������ ������ ������������ ������ ���� �#������ ��� �����������	 ��� 

������������ ���� ������ ���� ������ �#������ ��� �����������	 ���� �)�"�� �����������	 �����������#
������ ���� �#�����.������ ��� ������ ���� ���� ������ �����������	 �����������# � �����	
�����	���������������� �$�� ������������ �������� �#���������� ������� ������ �������� �#�������� ����
�����������������������#�#�� ������������ �������� �#������ ������ � ������ ���������������� �������#�� ����
������������ ������ �����#�����	 �����������#�� �"���� �*�������� �������� ���	������ ���������� ���*��
������������������ �������������� ���� ������ ���������# ���������������� ������� ������ �������� ���� ����
������������ ������ ������ �*���������� ������� ������ �������� ��� �����#�����	 �����������#��
�!�����#�������� ������� �����	���� ���� �������������� �������������� �@�,�A �������* �������� ������
�*�������� �������� ���������������� ���� ������ �#�����.������ ��� ������ ���� ���� ������ �����������	
�����������# ��� ���������������� � �����	 ������ �����	�������������� �*������ ���*�� �������� �����#�#
���������������� ���� ������������ ���� ������ ������������������

������ ���������
�� �����
�
���� �������
�
�
�������������	�� ���������
�������	��
������������������������ �#������ ��� �����������	 ���	���������� ������������ �������� �#������

���� ������ �����#�����	 �����������# ������ ���� ������������������������ ��� ������ ������������ ������
�����������	 �����������#�� �"������ ������������ �������� � �#���> �������� ������ �����������#
������������ ���� ���������������� ��� ������ ���������������� ���� �*���#�# ���� ��� 
�����	���������������� ��� ������������ � �#�������� �������	 ���������	�����������	���� �������*��
�������� ���� ���� ������������������ �������������� �������������� ���� �*�������� ����������� ����
�����#���	�� ��� ������ ������������ � �#������ �����	�������� ���������������� ������ ���������	������
�������� � �#���> ���������� ������ ���������������# ������������ ������ ����������� ���� �������� ����
���������������� ���� �*���#�# ���� ���� �����	������������������

�������	 ������ � �������� �#���* ��� ���������	�����������	���� ���������� ��� �������*��
���������������������������� �������������� ��� �����������# ������ ���� ���>�������������� � ����
���������������� �����#���	�� ���� � ���#�#���*���'

���3���������������������������������������������� �����(�)�* ������������

�*�������� �: ���� ������ �������� ������������������ �G�B ���� �� ������������ ���� ���������������#

�5���#�����	 �#�����.
� �����	 �����������#

�����#�� �����#�����	 ������������ ����
�����������	 �����������#

�?������������������������ ��� 
�����������	

�
������ ���� ��������
����������

���������������� �����#���	��
�������������� ��� �����#�����	

�
������ ���� ���������������� ����
�����������#

�%������ �����#�������� ��� ���������������� ��������
������������ ������ ���������� �����#����

�������� �������������������������� ��� 
�����������	

�!���� ������������ �+�������.�#�� ����
�����������	 �������	������

�
�������� �#�����. ��� ������

�%������ �����#�������� �+�������.�#�� �5������ �������� �#������ ������ �+�������.
�������� ���� ����������������

������������������������ ������
� �������������� ��� ������



�������������� �G�5 ���� �� ������������ ���� �����������#������ �� ���� �� ����������� ���� �����#���	��
������ �� ���
������ ���������������� ��� ������������ � �#��������

������������ �7 �������*�� ������ �������#���������� ��� �	������ � �#���* �������� ������ ������
���������������� ��� �����#�����	 �����������# ��� �)�"�� �*������ �����	�� ���� �������� ��� 
������������������������ �#������ ��� �����������	 ���� �����������	 �����������#�� �"������ � ����������
�������*�� �������� �����������# ���� ���������������������� ���� �#������ �������� �,�0 ������������ ����
�������� ������ �����#�������� �����#������ �!�� ������ �����#�������� �����#���� ���������� �����#�����	
�	������ ������������ ���� ���������������� ������ ���� ������ �������� ��� �8���, �����6�� ������ ��������
���������� ���� ���������������������� �"������ �	���>���	���	 �	������ � �#���* �������� ����
�������������������� �*������ ������ �������#������ ������������ �������#�������� ��� ����� ������
�����������	 �@�,�A��

������������ �7�' �&�����#���������� ��� �	������ � �#���* �������� ������ ������ ���������������� ��� 
�����#�����	 �����������# ��� �)�"�� �*������ �����	��

������������ �D�' ���������������� ������ �����	���������������� �������#���������� ��� �����#�����	 ����
�)�"�� ������������ ���������������������������� ��� �����#�����	 �����������#

������������ �D �������*�� ������ ���������������� ������ �����	���������������� �������#����������
��� �����#�����	 ���� �)�"�� ������������ ���������������������������� ��� �����#�����	 �����������#��
������������ �������*�� �������� �*������ �����#����� �����#���� ������������ ������ �����#�����	
�����	���������������� ���� �����������# ���������	���� ���� ���������� �/���7 ���� �"����
������� �����	���� �������#�������� ���������������� ������ �3�0�0 �= � ���#�#������ �������� ��� �)�"����

���������� �����
������������ ���������
����
�F�������� �������������#�� ���+�������	�������� � �����#������ �������#�� ���#���� ����

���������������������� �*�����#�� �	���.������ �������� ���������� ���������� ������ ���������#������ ����
������ �����	�� ������ �������. � ���#�# �������������� ��� ���������������� �?���*������ �"��������
�������#�������� ������ ����������� ���� �#�������� �������� � ���� �#���+������ �����#���������� ������
���������������� �������� �������� � ���� ���������������� ������ �����#�����	 ������ ������������
� ���#�#�������� ����� ���#�#������ ������ ���	������������ ������ �?���*���� �������� ���������#����������
��� ����������

�����	�	�����
�� �����������
���������
�
 �&�
�'�
�����	
������������ �������������������� �������������


�!�� ���>�������� ����� �������������� ������������ ���F�?�5�� ���>�������� �*������ ������
�������������������������� ��� ���>�������� ���� ���+�����# ���� �3�C���/ �������������� ���� �#������
������ �����#���	���� ���� �� �������������# ���������	���������� ���������������� ��� �D�7�0 �	�	
�5���� �)�"�� ������ ���������� ������������������ �����������	�� ���������������� ���� �������#��������
�*���#�# �������������� ������ �������� �������������� �#���+������ �����#�����	�� �"���� �#���+������
�����#�����	 ������ �������� �����#���	�� ���������� �*������ ���� �*�����	�� ������ ��������������
�������� ������ �������� �$���� �����#���	�� ������������������ ���� �� � ���������� ��� �D�8�0 �����	����
�������� �������������������� ���� ���� �������� �"���� �����#�����	 �������#�� ������������������
�������� �������#�������� ������ ����� ������ �����#����� �����#������ �����������#�#���� ���� ������
���+�������	������ � ���� �������������������� ������ ���������-���������������������������� ������
������������������������ � �����#������ ��� ������ ���+�������	������ �������������������� �#���+������
�����#�����	�� �"���� �������������������������� �#�������� �+�������������� �����#�����	
������������������ ���� ������ �������#�������� �	���� �������� ������ ���>��������
�������������������������� �#�������# �����#���* �������	�����������#�� �#���	���� ���� ������������ ��������
������ ������ ������������ ���>�������� ����� �������������� ������������ ����������

���	���� ���
����
�"�������� ���� ���� ������������ ������������������ ��� �����#�� �����#�����	 ���� ������

�������#���������� �"���� �	������ �#���.���#�� ���������� ��� �����#�� ���������� ���� ������ ����������
������ �������� ���� �������������� �������������� �*������ �	�������# ������� �������� ����
���>�������	���#�� �����#�� �����	�������������������� �����#�� ���������� ������ ���������� ���#�	������
���������������������������#���� ���������������#�#�� �*������ ������ ���.���� ���� �	���������� �"����
�	�������# ������� �������� �	���� ���� ���� �#���* ������������ �����	���������������� ���� ����������
�����#�� �������� ������ ���� ������ ���������� ���������������������������#���� �"���� �����	������
� �����	 �����#�� �������� ������ ���������� �������������#�����������# ���������#���	�� �#���.��
�����#�� �����	������ ���� �#���������� �������������� ������ �����������	���# ���������	���#����������
��� ���#�������� �������#������ ��� ���������������# ������������ ��� ������ �������� ������
�������������� �������	���# � �������������������� ��� ������ ����������
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�"������ �������������#�� � �����#������ ������ ���� ������������ ���������������� �������� ����
���+�������	�������� �������#�� ���� �������������� �*������ ��������� ���# �������#������������ ������
�����������#�#������ ������ �������������� �����#����� �������������� ���� ������������� ������
���+�������	����������

�)�"�� ���	�������������� �����#����� �����������	 ������ ������ ������ ������������ �����������-
���#������ �������������� �������.�� ���� �����������-���#������ ����� ������ �����#������ ����
�����	������������������ ��� ���������� �"���� �!���%�& ���������������� �)���������# ��������
�������	������ ������ ������ ��� �� ���������������� �������. ������ ����� ������ �����#���� ����
�����	���������������� �*������ ���������������������� �����-���������� ���������������� � ������������



�5���*���������� ������ ������ ��� �������� �����#����� �������������� ���� �����	������������������
���������#�� ���� �������#���������� �������������#�� ���� ���������� �	���������� ������ �����	����������
���������� ���� �������������� ��� �)�"�� ��������������������
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�"���� �����#�������� �����#������ ������ ������ ������������ �#���������� �����-���#����������
����� ������ �������������� �*�������� �������� ���� �����������	 ���������������������� ������������
������ ������ ���������������� ������ �����-���#������ ��� ������ �����#������������ ������ ���>��������
���	�������� ��� ���������������� �*�������� ������������ ������ ���������-���������������� ���� ������
�����������	�� �"���� ������������������ ��� ���������� ���������� �������������� ���� ������ �����-
�����������#������ ������ ���� ������ �����	�� �����	�� ���� ���������������� ������ �����	���#������
�#������ ��� ������������������ ���������������#�#�� ��������� ���������# ���� �������� ��� �����#�����	
������������������ �����������	����

�?������������ ���������� ���������� �������� ���������������������� �)�"�� ����� ������
�����������	 ���������#�� ������ �������� �����������-���#������ �����#�������� �����#������ ���� ��
�������	������ ������ ������������������ ���������������� ���������� �)�������������# �"������ ����������
���������������� ���� �������-�����	���������������� ������������������ ���������� �4�, �	������ ���� �3�7
�	�������� ������ ����������� ������ ���������� ���� ���#�*������ ������������ ��� �����#�����	
�����������	�������������� ���� �#�����.������ ������ �����	���������������� ������ �������� ������
�����������	�� �"���� �����#�������� �����#���� ���� ������ �������������#�� � ���� �������-
�����	���������������� ������������������ ���� �������� �������� �#�������� �#�����. �������� ���0���3
�����6�� �������� ������ ����������� ������ �*���#�# ���������������������#�� �����#�#������ ������
�����#�����	 �����������	 ������������ �������-�����	���������������� ��������������������
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�! �������������� �������. ���� �������� �������������� ���������������� �����#������������ ��������������
�$�� ���� �������� � ���� ������ �����	�� �������������� ���� �� �����#����� �����#������ ���� ��������������
�� �����������# ���� �����������	 � �����	 �������� ���������������� �������� ������ ����������
������������������������ � �����#�������� �$�� ���� �������-�������#���������� ������������ ������
����������� ������ ������ ������ ���� ������������ �������� ���� ������ �������� ������������ ����
������������������

���������������������������# � ������������ ��� ���������������� �������. ��� � ������ ������������������
���� �������-�����	���������������� �������������������� �$���� �����#���� �	�������# ��������������
���������������� ������ �#�����. � �����	 �����	�������������� ���� ������ �������� ���������� �����#�����	
�����������# ������������ �������������� ��� ������������ ���� �, �� ������ ����������� ������
���������������� ������ �������-�����	���������������� �#�����. ���� �	�������	������ ������ �����#�����	
�����������	����������������

�!�� ������ � �������� ������������������ ������ ������ ��� ���������������� �������. ���� �)�������������#
�"������ ���������� ����� ������ �����������	 �������	�� ���� ���� �������������������� �������������� ��� 
������ �#�����. ������������������ ������ �#�������� ������������ ��� �����#�����	
�����������	���������������� �"���� �������������� �������. ���� �������������#�#�� �#�����. ���������� ����
�3�>�3�0�-�7�������-�����6�� ��� �����#�����	�� ���������������������� ������ �#�������� ���	��������
��� �#���+������ �����#�����	 ���������#������ ���� �)�"�� �������������������� ������ ������ ��� 
�����������-���#������ �������������� �������. ���� �)�"�� ����� ������ �����������	 ���� ������ ��
�������� ������������ �������������� ��� ������ �������-�������#���������� � �������������� �?����������
�)�"�� �������������������� ���� �����	�� �������������������� �������� ���������� ������
�������������������� ������������ ������ �������	�����������#�� �#���	���� ������ �������������� �������.
�*���#�# ���������� ���� �������������� ������ �������� ������������ �"�������� ���� �� �����	���#������
�#������ ��� �����#�����	 �������������� ��� ������ �������-�������#���������� � ������������ ����
�������������� ������ �����#����� �����#������ �*�������� ������ �����������*������ ���� ����������������
���� �������� ���������� �������� ���������������� ���� �������	���#�������� ��
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�"������ ���� ������ �	������ �������������#�� �����	���������������� ���� ���� �����������#�#���� ����
�)�"�� ����� ������ �����������	 �������������� ��� �����-���#���������� � ������������ ��� �����#����� 
�����#������ ������ �#�����. ������������������ ��� ���������������� �������.�� �"���� �����-���#����������
��� �����#����� �����#������ ���������������� ������ �����	���#������ �#������ ��� �����#�����	 � �����	
�������� ���������� �������� ������ ���������������� ��� �������� ���������� �����	���� �*����������
�������	�����������#�� �#���	������ �"���� �#�����. ������������������ ��� ���������������� �������.
�	�������	�������� ������ ������ �����������	�������������� �������� ������ �������� ���������� ������������
������������������ ��� �)�"���� �"���� �����������#�#���������� ��� �������� �����	���������������� ����
�������	���������� ���� �!���%�& ���������������� �)���������# �������� �*������ �����	�� �����-
���������� ���������������� � ������������ �"���� ���������� ������������������ ��� ��������
�����	���������������� ���� �������� ������ ����� ������ �����#���� ������ ���� ������������ ���� ����������
�"��������� ������ �������� ������������ ���� ������� ���������� ������ �	�������#��
���������	�	���������� � ���� �������-�����	���������������� ��������������������

�E�������� ���� ������ �������#������������ ��� ����� � ���������� ����� ������ �������������� ������
���������� ������������������ �����������������������# ���������������� ����� � ����������
���������������������� ������ �����	���������������������� �������������#�� �������� ���� ����
���	���#���	���������� ���� �������������� �)�"�� ����� ���#����
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������� �����	���� ������ ������������������ ���������� �?��� � ���������� ����������������������������
�����������	������ �������� �������� �������#�������� � �����	 ���������	�����������	����
���������� ��� �������*�� �&�����#���������� ��� ���������������� ������ �����	���������������� ��������
������ �������������������� ��� �	������ � �#���* �������� ��� �����#�����	 ���� �������� ��� 
���������������������������� ��� �����#�����	 �����������# ��� �)�"�� �������� ���#���� ��������
���������������� �"���� �������#�������� �������#���������� ����� � ���������� ����� ������ ��������������
���� �������������� ��� �)�"�� ������������������ ������ �#������ ������ ����� � ����������
���������������������������� ������������������ ������ ���������� �������������������� �������������� ������
�	��������������������

�������������������	

�3�������������� �������� ���� ���#�� �� �&�������������������� ������������ ��� �)�������������# �"������
���������� ������������������ �������������#�� �!�������#������������ ������� ��������������
�,�0�3�3���2���* �H�����.�� �2�H�� �B���!��
�,���������������� �����	���� �
���������� �
���#����� �)���#���� ������������ ������ �)������������
�9������ �?���������� � ���� �)�������������# �"������ ���������� ���)�"���� ������������������
�
�
���!�" �"���������������# �
���������� �� ���� ������� �� � �����	��
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ABSTRACT 
Management of the chemical industries is 
primarily responsible for selecting a 
technologically sound state of the art process, 
formulating prudent procedures, adopt & 
implement well established safe practices at 
every stage of the manufacturing, train & 
familiarize the staff to meet the local, 
departmental, state level legal regulations in 
addition to ensuring environmental compliance 
obligations by detailed coverage on 
waste handling and disposal procedures institute-
onalized, performance-based framework of safety 
is essential for sustenance and survival of a 
chemical industry.  

 
Need and demand of a chemical is imperative 
during development of a new product or process 
on a small scale. Requirement of certain specialty 
chemicals arises in the preparation of materials 
that are not available in the open national market 
& restricted for supply in international market 
which are required for strategic programs of 
national interest. In order to develop and 
produce strategic products like reactor grade 
niobium, tantalum oxide and electronic materials 
at Special Materials Plant of Nuclear Fuel 
Complex, there has been need to utilize certain 
hazardous chemicals such as concentrated 
hydrofluoric acid, fluoride solutions, hydrogen 
gas, potassium/gold cyanide, aqua-regia, 
concentrated sulphuric acid, organic solvents, 
toxic chemicals like selenium, antimony, micron 
size Zr etc. During the development and decades 
of production, experience in handling of various 
rarely used chemicals, safe procedures and 
equipment have been evolved. Based on the 
literature and operational experience, 
engineering controls have been devised. 
Administrative controls, operational control 
procedures and safety procedures have been 
developed. Based on operational experience, 

periodic risk assessment of chemical operations 
is carried out and measures taken to mitigate the 
risk. Periodic training of operating staff for 
upgrading their knowledge and enforcing strict 
safety procedures have led to accident free work 
environment in the plant. 

 
This article outlines about judicious handling of 
chemicals during the development and in regular 
preparation of advanced materials exclusively 
essential for use in the nuclear, defense, space 
and electronic fields. And also discusses the 
details of procedures and methodologies evolved 
by adopting standard practices in the literature, 
operational feedback, guidelines suggested by 
local safety authorities and departmental central 
regulatory authority for enhancement of safety in 
the plant. 

 
Keywords: Safe practices, chemicals, fluoride 
solutions, hydrogen, cyanide, zirconium fire 
 
1. INTRODUCTION 
Chemical safety and security are both vital areas 
in the peaceful use of chemicals. Several 
chemicals are used in the production of special 
materials for nuclear and strategic applications. 
Few selected chemicals and materials like 
concentrated hydrofluoric acid, fluoride solutions 
(hundreds of tonnes) , hydrogen gas (hundreds of 
m3), potassium/gold cyanide (hundreds of kgs), 
concentrated sulphuric acid (tonnage quantity) , 
organic solvents(tonnage quantity), toxic 
chemicals like selenium, antimony (hundreds of 
kgs), Zr metal powder(tonnage quantity)   are 
prudently handled with utmost care at Special 
Materials Plant without causing any sort of 
incidents. Most of them are hazardous in nature. 
Hazards associated with the chemicals depend 
upon the individual properties of the chemicals 
and the method of use and handling those 
chemicals. Handling of chemicals may cause 



 

different type of hazards like chemical, fire, 
explosion hazards etc. based on the nature of 
use and properties of the chemical. They can 
cause physical and acute or chronic health 
effects.  Therefore, in a proactive approach, 
hazards and risks are to be identified, assessed 
and control measures are to be put in place to 
avoid any mishap arising out of the chemicals. 
When it comes to chemical management, a 
distinction must be made between hazard and 
risk. Hazard defines the inherent property of a 
chemical having the potential to cause adverse 
effects when an organism, system or population 
is exposed to that agent. Risk however, 
establishes the probability of the adverse effect 
occurring.  

The risk of a chemical depends on the 
following 2 factors - The inherent toxicity of the 
chemical (hazard); How much of a chemical is 
present in an environmental medium (e.g., water, 
soil, air) and how much contact a person or 
ecological receptor has with the chemical 
substance (exposure). The goal of chemical risk 
assessment is to have a full understanding of the 
nature, magnitude and probability of a potential 
adverse health or environmental effect of a 
chemical.   

Chemical safety focuses on the measures 
designed to reduce the risk of a chemical 
accident. Based in the chemical risk assessment, 
prudent practices are formulated to eliminate or 
mitigate the risk. The operational feedback plays 
a key role in chemical safety.  

 
2. CHEMICALS  HAZARD CLASSIFICATION  
Chemicals used in production of Nb & high 
purity materials for specialized applications are 
tabulated in Table 1.  
 

Table 1: Chemicals used/handled 
Chemical  Purpose 
HF & Fluoride soln Used in production of Nb 
TBP Used as Solvent  
Kerosene Used as diluent for TBP 
Hydrogen Used in production of Nb  
Potassium Cyanide Used in production of gold 

potassium cyanide 
Ammonia Precipitation of Nb/Ta soln. 
Elements like Se, 
Te 

Production of high purity 
materials for electronics 

Zirconium powder Prodn for defence appln. 

Globally Harmonized System of Classification 
and Labeling of Chemicals (GHS) is an 
internationally agreed upon system created by the 
United Nations during 1992- 2015 designed to 
replace the various classifications and labeling 
standards used in different countries by using 
consistent criteria. As per the standard, the 
hazards are classified into physical �± explosive, 
flammable, oxidizer,self reactive, pyrophoric etc. 
or health hazard. As per this hazards 
classification, chemicals used in Special 
Materials Plant and the associated hazards are 
described in Table 2.  

Table 2: Chemical Hazard Classification 
Chemical  Hazard  GHS symbol 
HF  Corrosive,  

Acute toxicity  
 

TBP Harmful, 
Health Hazard, 
Corrosive  

  

Kerosene Flammable 
Liquid, Health 
hazard  

Hydrogen Explosive 
 

Potassium 
Cyanide 

Acute Toxic 
health hazard, 
corrosive 

 

Toxic 
elements 
like Se, Te 

Acute 
toxicicity 

 
Zirconium 
powder 

Pyrophoric 
Solid  

 
Exposure limits of the chemicals in Table 1 are 
given in Table 3. 
Table 3: Exposure limits of the chemicals  
Chemical  TLV -

TWA  
TLV -
STEL 

Ceiling  
 

HF  3 ppm  2 ppm 
TBP 0.2 ppm - - 
Kerosene 200 mg/m3 15 mg/m3  
Ammonia 25 ppm 35 ppm  
HCN 5 ppm -- 10 ppm 
Selenium 0.2 ppm - - 
 Explosive limit 
Hydrogen 4 �± 76% by Vol. in Air 
 Min. Ignition 

Energy 
Min. Explosive 
Conc. 

Zr powder 
(<10µ) 

5 mJ 0.045 g/l 



 

3. CHEMICAL RISK ASSESSMENT 
 
Chemical Risk Assessment takes into account of 
both hazard and exposure. There are 4 
components involved in the risk assessment 
process: 

�x Hazard identification, 
�x Toxicity assessment 
�x Exposure assessment  
�x Risk characterization.  

These 4 steps collectively address the risk 
situation involving a chemical exposure. The first 
two steps are achieved by understanding the 
nature of chemical, GHS classification and its 
exposure limits. The data is generally gathered 
from literature and Material Safety Data Sheets. 
Exposure assessment requires gathering of 
operational information (for example, the 
duration and frequency of use or the amount 
used) and risk management measures (e.g. local 
exhaust ventilation). Risk characterization takes 
is estimated risk level based on exposure estimate 
and acceptable levels.  
Hazard identification and risk assessment is 
carried out by a team of members from 
management to the worker level. Based on the 
risk assessment, measures are taken to eliminate 
or mitigate the risk. 
 
4. CHEMICAL SAFETY 

 The overarching principles of safety are prevent, 
detect, and respond. The highly complex 
chemicals encountered in the work environment 
necessitate constant vigilance through an 
occupational health program to provide a 
scientific basis for decisions aimed at protection 
of human health from the adverse consequences 
of exposure to these substances in the 
occupational environment 
�x �³Prevent�´���U�H�I�H�U�V���W�R���W�K�H���X�Q�G�H�U�V�W�D�Q�G�L�Q�J���R�I���D�Q�G��

implementation of measures to reduce the 
potential for a chemical accident to occur. A 
chemical accident may include an accidental 
release of chemicals into the environment, 
accidental exposure of a chemical. 

�x �³Detect�´���U�H�I�H�U�V���W�R���V�\�V�W�H�P�V���D�Q�G���S�U�R�F�H�V�V�H�V���W�K�D�W��
support the early detection of a chemical 
release or loss, and the confirmation of 
chemical use following a suspected release 
(either accidental). Detection systems should 

also incorporate risk communication 
processes.  

�x  �³Response�´���U�H�I�H�U��to response to a chemical 
accident.  Response systems include the 
engagement, equipping, and training of 
responders, such as fire, hazmat, and 
emergency. 

The systems required to adequately prevent, 
detect, or respond to a chemical accident are 
often found to overlap. As such, an integrated 
approach to chemical safety and risk management 
support more effective implementation of risk 
reduction measures, provide better detection and 
risk communication. 
 
5. PROTECTION  &  PREVENTIVE    MEASURES 
 
I. Engineering Controls 

 
Engineering controls are considered the first line 
of defense for the reduction or elimination of the 
potential risk to hazardous chemicals. 
a) Material selection: Both engineering and 

administrative control is applicable in case 
of material selection. Compatible material is 
selected to avoid corrosion and hence 
spillage/leakage of chemicals.  To avoid any 
spillage of highly corrosive chemical like 
HF, all the equipment is constructed out of 
thermoplastic like PP/HDPE reinforced with 
FRP. Further, dykes are provided to contain 
any accidental spillages. 

b) Chemical Process Safety: Systems are 
designed considering the hazards & risks 
involved in handling of chemicals. W.r.t 
fluoride solutions, engineered measures like 
use of sealless pumps, gravity flow systems, 
siphoning systems are used to avoid any 
exposure/accidents. 

c) Fire Safety : The important objectives are 
the design of system and lay out. The system 
is designed in such a way that the probability 
of initiation of a fire is minimized. The 
concept of defense-in-depth against fire and 
its consequences as it applies to fire 
prevention is applied:  
�x Bulk storage of flammable chemicals in 

the plant is limited to approved quantities  
�x Equipment is designed to minimize 

accumulation. 
�x Handling of organic solutions such as 

TBP and kerosene are done in Solvent 



 

Extraction section. These organics are 
inflammable and they can catch fire even 
with minor sparks. Hence this section is 
completely isolated up to the ceiling on 
all the sides from other sections. All the 
electrical fittings in the area are made of 
flameproof type. Except the quantities in 
process in the tanks only minimum stock 
of these items are kept in the plant. No 
naked flame, welding is permitted in this 
area. If any maintenance is to be done in 
this area it is carried out in the presence 
of Plant safety officer/safety captain and 
also fire crew after ensuring that the 
process pipelines are clean and that there 
are no fire hazardous materials near by. 

�x Double earthing is provided to all the 
electrical equipment. 

�x Only Flame proof fittings & equipment is 
used in the areas handling flammable 
chemicals. 

�x Any sources of ignition are isolated in the 
flammable areas 

�x It is ensured that sufficient number of fire 
extinguisher is kept at suitable locations. 
Personnel are well trained in the usage of 
fire extinguisher and its applications. 

�x Fire water header is available around the 
plant, and one fire hydrant is provided to 
tap water in case of fire.  

�x  Smoke/Fire detectors are installed in the 
flammable area and it is periodically 
checked and maintained. 

�x  Emergency exit sign, fire order and 
emergency number are displayed at 
prominent places. Action to be taken in 
case of fire is listed in Table 4. 

d) Ventilation:  
Primary and secondary ventilation systems 
are designed to control exposure to airborne 
contaminants in the plant. Primary 
ventilation systems comprise of intake 
systems, scrubbers and exhaust blowers to 
remove or dilute airborne contaminants. 
Secondary ventilation systems are designed 
to achieve the required air changes to 
provide a continuous supply of fresh air, 
maintain temperature and humidity at 
comfortable levels. 
 
 

Table 4: Action against sources of fire 
Source of fire  Action 
Solvent 
(TBP/Kerosene) 

Use CO2/DCP 
extinguisher 

Electrical  Cut-Off power supply, 
use CO2/DCP 
extinguisher 

Metal Fire Use sand & TEC 
4 Fire beyond the 
control of plant 

Raise Fire Alarm, 
Inform fire services, 
Security & Duty officer 

 
e)  Protection on static electricity:  
Ignition energy data indicate that even a 10 
mjoule energy static spark, which the human 
body commonly gives off (~100mJ)  is enough 
�W�R�� �U�H�D�G�L�O�\�� �L�J�Q�L�W�H�� �� �D�F�W�L�Y�H�� �S�R�Z�G�H�U�V�� �X�Q�G�H�U�� ������ ���� �L�Q��
size. Static discharge can also lead to Zr fires. 
Among all metals, Zr fire reaches highest temp. 

 
Fig 1: Metallic Fires 

All measures are taken to eliminate or mitigate 
static electricity hazards in the plant specifically 
in the areas handling micron size metal powders 
like Zirconium , Niobium , aluminum and alloy 
powders. Few of the measures taken include: 
�x Grounding of equipment and tanks, storage 

containers & work tables. 
�x Increasing surface conductivity of electrical 

bodies by humidifying air. Minimum 
Relative humidity of 50% RH is 
maintained. 

�x Use of antistatic tools/items for storage and 
handling of pyrophoric metal powders. 

�x Static electricity discharge boards are 
provided at the entrance of areas handling 
pyrophoric metal powders. 

�x Lightning protection 
f) Storage of hazardous chemicals  
The plant has storage facilities which store raw 
materials; intermediates and finished products.  

�x Hazardous chemical storage register is 
maintained for acutely toxic chemicals 
like KCN, Gold Potassium Cyanide, 
Selenium, Antimony. 



 

�x Toxic chemicals are stored in identified 
locations that are segregated from 
common process areas. 

�x Storage of flammable chemicals is 
limited to prescribed levels. 

�x Acids like HF, H2SO4 and intermediate 
solutions are stored in areas provided 
with dykes and acid resistant flooring. 

�x Pyrophoric metal powders are stored 
under Argon atmosphere in double 
containment with sand between the 
containers.  

 
g) Gas Cylinders safety:  

Hydrogen gases is used in production of metal 
powders. To achieve high degree of fire 
prevention, gas cylinder safety is followed as per 
guidelines  

�x Hydrogen gas cylinders are stored outside 
the plant premises in open atmosphere 
and secured with grilled doors 

�x Two stage pressure regulator is used on 
the hydrogen gas cylinder 

�x Empty cylinders shall be stacked away 
from filled cylinders. 'Full' or 'Empty' 
notices shall be displayed on each 
cylinder 

�x  All cylinders shall have protective caps 
over the valve at all the times except 
when in use. 

�x Hydrogen leak detector is provided to 
detect leaks and alert through an alarm 

 
II.  Administrative Contro ls 
 
Administrative control is ensured during the 
regular operation and maintenance of the plant.  
Administrative controls include policies and 
procedures that result in providing proper 
guidance for safe work practices and set the 
standard for behavior within the plant. 
a) Standard Operating Procedures  

Standard operating procedures have been 
formulated for every process involved in 
production of special materials.  All the 
standard operating procedures are displayed 
in the workplace near the corresponding 
equipment. SOPs include details such as 
�Z�R�U�N�L�Q�J�� �S�U�R�F�H�G�X�U�H�V���� �G�R�¶�V�� �D�Q�G�� �G�R�Q�¶�W�V����
required PPE. 
 
 

b) Operational Control procedures 
Based on the risk assessment, operational 
control procedures have been developed for 
critical activities involving high risk. Few of 
the significant OCPs developed are: 

�x Handling cyanide solutions in 
production of GPC 

�x Treatment & disposal of cyanide bearing 
solutions 

�x Treatment of fluoride & sulfate bearing 
solutions 

 

c) Housekeeping: Effective housekeeping can 
eliminate some workplace hazards and help 
get a job done safely and properly. Plant 
housekeeping includes keeping work areas 
neat and orderly; maintaining halls and floors 
free of slip and trip hazards; and removing of 
waste materials (e.g., paper, cardboard) and 
other fire hazards from work areas. Attention 
is paid to important details such as the layout 
of the whole workplace, aisle marking, the 
adequacy of storage facilities.  

 
d) Administrative Procedures: 

�x Only authorized personnel are allowed 
into the work area handling cyanide 
solutions 

�x All the plant operators are authorized by 
AERB for chemical plant operations. 

�x AERB authorized shift-in-charge is 
deputed in every shift 

�x One Officer of the Plant is nominated as 
Safety Officer and he is responsible for 
supervising safety procedures, debugging 
unsafe conditions and practices in the 
plant and reporting to Plant in-charge for 
necessary action 

�x Few trained workmen in Fire Fighting are 
designated as Fire Squad, to extend help to 
the fire station crew during any exigencies 

�x The plant is having Plant Safety 
Committee for exclusive safety 
implementations. The committee 
constitutes with Plant in-charge as 
Chairman, Safety Officer as Member-
Secretary, one safety captain, one 
Supervisor (Operations), one Officer 
(Maintenance) and one senior 
representative from Safety Department. 
This committee will meet once in a month 
and discharge the stipulated functions 



 

e) Permit systems: All maintenance works 
involving hazards are carried out under 
Safety Work Permit system, in order to 
ensure total safety while carrying out the jobs 
in the plant. As per this system, prior to 
taking up the job, safety work permit in a 
prescribed form, is raised giving all the 
details of jobs to be carried out, required 
isolations & decontamination and safety  
precautions etc., which are checked and 
certified by the shift-in-charge. These details 
are further checked and the permit is issued 
by SED, NFC with additional safety 
precautions, if any. 

f) Display and caution boards 
Caution boards, exposure limits, MSDS of 
the hazardous chemicals like HF, Hydrogen, 
Cyanide etc. are displayed in the work area.  

 
III.  Personal Protective Equipments 

-Suitable personal Protective Equipment (PPE) 
like hand gloves, mask, Goggles, helmet, safety 
shoes, acid/alkali resistance PVC suits etc. are 
provided to all the employees in the plant. PPE 
used for different types of hazards are listed in 
Table 5. 

Table 5: PPE against different hazards 
Hazard Suitable PPE 
Inhalation  Chemical mask, 

Respirators   
Ingestion Face Shield 
Skin absorption Face shield, Rubber 

shoes, Gum boots 
Contact/Penetration Gloves (Postmorterm, 

surgical,cotton, asbestos), 
Goggles, Aprons, Hoods, 
PVC suits 

Noise Earmuffs & ear plugs 
Mechanical Metal toe safety shoes, 

Helmet 
Electrical Electrical safety shoes 
Self contained breathing apparatus and air line 
respirator is also made available in the plant 
 
6. DETECTION SYSTEMS 

Various detection systems are provided in work 
place to detect any untoward leakage or exposure 
of chemicals. Few of them are: 
�x Fire detectors in flammable chemical areas 
�x Hydrogen leak detector  

�x Ammonia detector  
Based on the feedback from detection systems, 
personnel are trained for the response actions. 
 
7. RESPONSE MEASURES - TRAINING 

AND AWARENESS  

For systematic development of human resources 
and performance improvement, effective and 
efficient training is required. Different layers of 
training is planned in the plant. Following are the 
different type of training 

- Safety Training of all the employees 
- Mock drills for handling emergencies 
- Fire Safety training for employees 
-  Safety training for contract employees 
- Training to handle exposure/ spillage/ 

emergency conditions. 
-  
a) Exposure to Chemicals 
In case of exposure to any acid/alkali, the 
affected area of the personnel shall be thoroughly 
washed with plenty of running water.  
HF: 
Symptoms of HF exposure include irritation of 
the eyes, skin, nose, and throat, eye and skin 
burns, rhinitis, bronchitis, pulmonary edema, and 
bone damage. Once absorbed into blood through 
the skin, it reacts with blood calcium and may 
cause cardiac arrest. 

    
Fig 2: HF burns immediately & after a day 

In case of HF contact, the affected area of the 
personnel shall be thoroughly washed with plenty 
of running water and the affected area shall be 
rubbed with wet magnesium oxide/calcium 
gluconate (a source of Ca2+ that sequesters the 
fluoride ions). Calcium gluconate injection will 
be administered to the person at OHC. 
 
Cyanide: 
Cyanide poisoning produce cytotoxic anoxia by 
poisoning cytochrome oxidase and other  
respiratory enzymes, thereby preventing 
utilization of O2 by tissues. Treatment 
of cyanide poisoning consists of diverting the 
cyanide into the production of cyanmetHb. 

 



 

 
Fig 3: Mechanism for recovery from CN�í inhibition  

 
In case of inhalation of cyanide, artificial 
respiration has to be provided, if breathing has 
been stopped. Amyl nitrate has to be inhaled by 
the affected person and sodium nitrate (3%) 
injection promptly followed by thiosulfate (25%) 
injection is to be give to the patient. AmN is 
reduced to amyl alkoxide and O2

- by the reduced 
CuB, which becomes oxidized to Cu2. This NO 
generated in situ from AmN should replace the 
CN�í, forming an iron-nitrosyl species at the heme 
a3 site. If the cyanide spilled on the body, the 
contaminated area on the body of the person is to 
be flooded with water or sodium bi carbonate 
solution. The affected area should be soaked with 
sodium bicarbonate for a prolonged period. If 
cyanide entered in to the eyes, they should be 
irrigated with large quantities of water for at least 
15 minutes. 
 
b) Spill management and emergency 

preparedness 
Chemical spill may occur inadvertently during its 
storage, transport and handling. The best spill 
management is no spill at all, safety procedures 
are followed and the occurring of spill is 
prevented. Any spill, however minor, is attended 
with quick and appropriate response by working 
personnel and safety crew. The supervisors and 
technicians are trained to follow spill 
management & emergency procedures as follows: 
 
Hydro Fluoric Acid 
�x If it is a leak/overflow, the spillage area will 

be immediately evacuated. 
�x The leaked vessel/reactor will be emptied by 

transferring the acidic solution to another 
container by adapting siphoning or pumping 
methodology. 

�x Lime will be sprayed in the spot. 
�x If the Spillages are over the personnel, the 

affected area will be thoroughly washed with 
plenty of flowing water and rubbed with wet 
magnesium oxide/calcium gluconate. The 
injured person needs to be sent to 

Occupational Health Centre (OHC) 
immediately after the first aid. 

�x The leaked vessel/reactor/pipeline will have to 
be discarded or repaired suitably and tested 
prior to use. The secondary effluent generated 
in this process will be sent to effluent 
treatment plant. 

 
Ammonia 
Leakage from Gas Line: 
�x In case of minor leakage, the leakage zone 

will be located and wet gunny bag or cotton 
waste will be placed over that zone. 

�x The main gas line valve near the cylinder 
needs to be closed immediately. 

�x In case of major leakage, leakage zone will 
be identified and water will be sprayed over 
that zone continuously and wet gunny bag or 
cotton waste needs to be placed over that 
zone. Air respirator mask shall be used 
while attending the leakage area. The main 
gas line valve near the cylinder shall be 
closed immediately. 

Leakage from the gas cylinder/valve: 
�x The affected area will be evacuated 
�x The emergency water supply shower shall be 

immediately initiated. 
�x Air respirator mask shall be worn while 

attending the leakages. 
�x The personnel shall be allowed to enter the 

area after the approval of safety division. 
 
Hydrogen 
�x The possibility of leakage is through the gas 

regulatory valve; hence it will be checked 
before its fixation and also with soap solution. 
The leakage area will be evacuated. 

�x The incident shall be brought to the notice of 
section In-charge, plant Incharge, safety 
department, fire services, CISF, Maintenance 
personnel immediately. 

�x The leakage area will be immediately isolated 
electrically by switching off the power to the 
area from the electrical mains. 

�x Ensure that no flame is present anywhere near 
the leakage area. Smoking of cigarette, 
lighting of lighters or any other friction 
causing sparks needs to be totally avoided. 

�x The leakage area shall be well 
ventilated/flushed with air blow. 



 

�x If the leakage is in a closed room, then all the 
windows and doors shall be kept opened. 

�x Igniting materials will be removed from spot. 
 
Kerosene 
�x The location of leakage, spillages and over 

flow will be identified. 
�x If the leakage is from the pipe lines, the main 

valve shall be closed. The pipelines will have 
to be isolated from where the leakage is 
noticed, and this pipeline shall be either 
discarded or repaired and tested prior to use. 

�x If the overflow is from the container/tank 
immediately put off the pump by switching off 
the power supply. The over flow liquid will be 
collected in the collection tank. 

�x If the leakage is from small storage containers, 
the particular containers will be shifted to a 
safest place and needs to be transferred to a 
good container. 

�x The incident shall be brought into the notice 
of section In-charge, plant Incharge, safety 
engineering department, and fire services. 

�x All the ignition sources will be removed from 
the spillage area. 

�x The leaked solution will be collected in a 
suitable container by using personal protective 
equipment. 

�x The proper ventilation shall be provided for 
the escape or dilution of the vapors. 

 
8. PRACTICAL PROBLEMS 

EXPERIENCED AND ITS SOLUTIONS 
Few of the solutions & the practical problems 
encountered w.r.t handling of chemicals in 
special materials production are presented below. 
The problem were identified and rectified and 
presently the systems are working satisfactory. 
(i) Redesign of mixer settlers to avoid 

frequent leakages at the thermoplastic weld 
joints  

(ii)  Redesign of ventilation system in effluent 
treatment area to reduce exposure to fumes. 

(iii)  Introduction of interlocks to avoid over 
pressure in hydriding system. 

 
9. CONCLUSIONS 

 
 All the key safety aspects in handling of 
hazardous chemicals at Special Materials Plant 
have been discussed. Safety measures planned 

and executed from the installation stage to 
operation stage and being followed during 
maintenance and implemented throughout have 
been detailed. 
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ABSTRACT:  

 

The objective of this paper is to provide methodology adopted at our operating plant for the 
establishment of an operational experience feedback sharing system for managing operational 
experience in enhancement of industrial safety and occupational health. It brings together common 
elements that typically constitute an effective system. It should be noted that the sharing of events and 
the cause of events helps us to take pro-active measures to implement effective and efficient health 
and safety culture at the operating sites. The main components of systems for the feedback of 
operational experience for gathering relevant information on events and abnormal conditions that 
have occurred at nuclear installations throughout the world have been listed in this paper.  

 
Keywords: Elements and criteria of operational experience feedback 

 
1. INTRODUCTION: 

Operating experience is a valuable source of information for learning about and improving the safety 
and reliability of nuclear installations. It is essential to collect such information in a systematic way 
that conforms with proper reporting of events occurring at nuclear installations during 
commissioning, operation, surveillance and maintenance activities and decommissioning, and on 
deviations from normal performance by systems and by personnel, which could be visualized as the 
precursors of events. Operational experience feedback systems make use of experience from the 
maintenance of safety related equipment and the collection of plant specific reliability information 
and data on performance indicators of system or human performance. The requirements for setting 
out a system for the feedback of operational experience to report, investigate, analyzed, evaluate, 
trend, corrective actions and utilize information in relation to abnormal events occurring at nuclear 
power plants in India or abroad and to disseminate this information to the relevant employees within 
the organization so as to prevent the recurrence of similar type of accidents. 
 
RAPS 3&4 is taking the above appropriate steps to ensure that incidents significant to safety are 
reported in a timely manner &to analyse those operating experience based upon their relevancy, 
severity and its probable consequence and hence the results obtained and the conclusions drawn are 
acted upon and further various platforms are used to share and discuss those experiences within the 
organization. 

 

2. IMPORTANCE OF LEARNING FROM THE FEEDBACK OF OPERATIONAL EXPERIENCE 
IN INDUSTRIAL SAFETY: 
 
The primary objectives of a system for the feedback of operational experience are that no safety 
related event remains undetected and that corrections are made to prevent the recurrence of safety 
related events by improving the design / altering the operating procedure by introducing hold points, 
caution remarks etc/ introducing a third party check(s)/or the operation of the installation under the 
supervision of safety personnel/ increasing the surveillance of safety personnel. This criterion reflects 
the notion that an accident of any severity would most probably have been marked by precursor 
events, and to this extent would have been predictable and, therefore, avoidable. Feedback of 
experience also increases knowledge about the operating characteristics of equipment, performance 
trends, operating practices and also provides data for quantitative and qualitative safety analysis. 
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The investigation and reporting of events contribute to improvements in nuclear and industrial safety 
and have the following objectives: 
 

�™ To identify and quantify events and conditions that are precursors to significant degradation 
and that have the potential to cause accidents that can lead to plant damage or releases of 
radioactive material; 

�™ To identify events that are important to safety and their associated safety concerns and root 
causes, and to determine the adequacy of corrective actions taken to address the safety 
concerns; 

�™ To discover emerging trends or patterns of potential safety significance; 
�™ To assess how situations could have developed; 
�™ To assess the generic applicability of events; 
�™ To prevent the recurrence of similar events. 

 
3. MAIN ELEMENTS OF THE FEEDBACK OF OPERATIONAL EXPERIENCE 

 
An effective system for the feedback of operational experience relating to safety should cover the 
following: 

 
�™ Reporting of safety related events/ near miss events.: The system of proactively reporting 

of events exist at station. These can be done in hard copy format as well through i-WMS. 
These reported events are then scrutinized based on the HQ guidelines or related Indian 
standards and further action is taken as per the requirement. Other systems of reporting 
internal events are Event report (reported as per Event reporting criteria given in technical 
specification), SER (Significant event report), (reported as per SER reporting criteria given 
in technical specification). 

�™ Screening of events (External events): In order to disseminate and utilize the operating 
experience of various operating Nuclear Power Stations of NPC and Nuclear Power utilities 
abroad, various documents being received is reviewed by a committee known as Operating 
Experience Review Committee (OERC) headed by Technical services superintendent. 

�™ Investigation and analysis of events: External events: The external documents are screened 
by respective experts to identify the learning items, which are relevant to RAPS-3&4 and 
present it to OERC in the OERC meeting. The OERC discussions are minuted and converted 
to jobs for action by the concerned agencies. Documents which need urgent review will be 
put to Station Operation Review Committee (SORC) directly by the concerned section 

Internal events: The internal events are analyzed by the concerned section and a 
descriptive root cause analysis reports is discussed in SORC/OERC based on the severity of 
the event. 

�™ Corrective actions by in-depth analysis of safety significant events: OERC 
recommendations were compiled and regularly followed up for implementation. Compliances 
from agencies were sought to ensure effective implementation. The OERC recommendations 
approved by SORC become part of SORC MOM and followed up by STAE. It should also be 
ensured that the recommendations resulting in design change follow the normal mode of 
configuration control procedure of the station. Other recommendations were directly 
incorporated into procedures/check sheets and shall be evolved/emulated as good practices. 

�™ Trending and review to recognize emergent problems: The purpose of an event trending 
process is to determine the frequency of occurrence of certain conditions that have been 
gathered from reports on minor and major problems and event investigations. A thorough 
root cause investigation is being carried out so as to identify causal and contributing factors 
to explain why a trend is occurring. Corrective actions then, focused on addressing the 
�F�D�X�V�H�V���D�Q�G���Z�H�U�H���L�Q�F�R�U�S�R�U�D�W�H�G���L�Q�W�R���W�K�H���R�U�J�D�Q�L�]�D�W�L�R�Q�¶�V���S�U�R�F�H�V�V���R�U���S�U�R�J�U�D�P�P�H���I�R�U���H�[�S�H�U�L�H�Q�F�H��
sharing and Management expectations. The programmes such as monthly campaigns, 
seminars, awareness programs, Safety talk @ workplace etc. were conducted based on the 
conclusion of trends.  
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Source on Internal and External Operational Experience Information 

 

PLANT OPERATION
EXPERIENCE

LOW LEVEL EVENTS
NEAR MISS

EVENT REPORTS
SERs

RCA REPORTS
TECH. BULLETINS/ECNs

SORC MINUTES

INDIAN NPPs
OPERATING EXPERIENCE

KAPS- 1&2

RAPS- 1&2

RAPS- 3&4

MAPS- 1&2

KGS-1&2

NAPS- 1&2

TAPS- 1&2

TAPS- 3&4

KAIGA- 3&4

KKNP- 1&2

INTERNATIONAL
OPERATING EXPERIENCE

IAEA: IRS
REPORTS

WANO
MEMBERS

EARs,ENRs,
MERs

WANO:
STRENGTH &

GOOD PRACITCES

WANO:
SOERs,

SERs, JITs

COG NEWS BULLETINS & JIT

 
 

�™ Utilization, dissemination and exchange of information on operating experience: 
Information on operating experience is made readily accessible to plant personnel. For 
example, Line Managers issue information relating to operating experience (e.g. during pre-
job briefings, just in time (JIT) information about events that have occurred elsewhere under 
similar plant conditions, and lessons learned) when assigning plant work. In this way 
personnel are reminded of previous problems that have occurred locally and at other 
locations and that are relevant to the plant on which they are about to work. Effective use of 
the feedback of operational experience is actively encouraged and reinforced by plant 
managers and supervisors. 

�™ Reviewing the effectiveness as well as continuous monitoring and improvement of the 
process for the feedback of operational experience: A periodic review is carried out of all 
stages of the process for the feedback of operational experience to ensure that all of its 
elements are performed effectively. Continuous improvement of the process for the feedback 
of experience is an objective of the review. 
Following are the three approaches for review. 
a) Self-assessment/IMS Internal audit. 
b) Corporate Peer Review. 
c) Regulatory review (Regulatory Inspection). 

 
A system utilizing the feedback of operating experience is a two way process, i.e. for both 
providing and receiving experience. Internal operating experience refers to the process 
whereby a nuclear installation learns from its own experience �²  including sharing that 
experience with others �²  while external operating experience refers to the receiving of 
information that relates to another nuclear installation, which may lead to the development of 
corrective or preventive actions to avoid the recurrence of an event. 
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4. FEEDBACK OF OPERATIONAL EXPERIENCE REPORTING CRITERIA 
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4. FEEDBACK OF OPERATIONAL EXPERIENCE REPORTING CRITERIA 
Apart from sharing all the events related to Industrial Safety/ Fire and Occupational Health, the 
events which require immediate concern and may help other operating stations to get benefit 
from our experience are reported to other stations. Some of the reporting criterias are listed 
below: 

 
�™ A plant shutdown as required by the operational limits and conditions. 
�™ An operation or condition prohibited by the operational limits and conditions; 
�™ Any event or abnormal condition that resulted in the condition of the nuclear installation, 

including its principal safety barriers, being seriously degraded; 
�™ Any natural phenomenon or other external condition that posed an actual threat to the safety 

of the nuclear installation or that significantly hampered site personnel in the performance of 
duties necessary for safe operation; 

�™ Any event or abnormal condition that resulted in the manual or automatic operation of the 
reactor protection system or of engineered safety features; 

�™ Any event in which a single cause or condition caused a significant loss of operability in a 
safety system; 

�™ Any liquid or airborne releases of radioactive material to unrestricted areas in excess of 
authorized limits, or exposure of site personnel in excess of authorized limits; 

�™ Any event that posed an actual threat to the safety of the nuclear installation, or that 
significantly hampered site personnel in the performance of duties necessary for safe 
operation, including fires, releases of toxic gases and radioactive releases; 

�™ Declaration of an emergency condition as specified in the emergency plan; 
�™ Any problem or defect in the safety analysis, design, fabrication or operation that has resulted 

in, or that could result in, an operating condition that had not previously been analysed or 
that could exceed design basis conditions; 

�™ Any safety significant event during shutdown or refueling (e.g. the dropping of a fuel 
assembly); 

�™ Any nuclear event or any industrial incident/accident that results in the death of or serious 
injury to personnel on the site. 
 

 

5. CONCLUSION 
 

Operational experience feedback and corrective action implementation is the key and important 
method of safety improvement. Such technique had been followed at all the nuclear installations 
for cross learning of experience. This proactive approach can be utilized effectively in 
enhancement of safety at workplace. The following advantages have been realized using this 
programme: 

 
�™ Avoiding the same mistake twice: Those who ignore history are doomed to repeat it." If we 

don't learn from our mistakes, we will experience them over and over again. 
�™ Getting information regarding false practices which can lead to an event: Experience 

sharing reduces the time and energy to analyse the event. 
�™ Reusing ideas documents and expertise: Just as the recycling of materials is good for the 

environment, reuse is good for organizations because it minimizes rework, prevents 
problems, saves time, and accelerates progress. 

�™ Communicating important information widely and quickly: We all need information to do 
our jobs effectively, but we also suffer from information overload from an increasing variety 
of sources. 

�™ Making scarce expertise widely available: If there is an event which demands expert review, 
information sharing can help make that expertise available to the entire organization. 

�™ Enabling the organization to leverage its size: As an organization grows, the increasing size 
is only a benefit if it can use the knowledge of all of its employees. 

�™ Stimulating innovation and growth: Creating new knowledge through effective knowledge 
sharing, collaboration and information delivery helps in stimulating innovation. 
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ABSTRACT 
Experience feedback from accidents is important 
for prevention of accidents in organizations. 
This article focuses on experience feedback from 
accidents that take place in industries, at 
workplaces and roads. This article is an 
overview of the literature on learning from 
accidents and incidents. The focus was to 
prepare a literature that will evaluate the 
effectiveness and usefulness of different methods 
in accident investigations. Conclusions drawn 
from this article is that the dissemination of 
results and knowledge from accident 
investigations must be improved, and experience 
feedback systems should be integrated into 
overall systems of risk management. 
 
INTRODUCTION 
Experience feedback from accidents has become 
increasingly important for authorities, 
organizations, and companies. It is uncertain that 
accidents can happen anywhere,in our office, in 
our workplaces, industries etc. Developing a 
lesson learnt feedback model for practical use 
which focuses on accident or incident 
investigation and describe the investigation 
process in a functional way. The process of 
learning from accidents needs a more proactive 
approach. They define proactive as something 
that is prior to an accident. Proactive thinking 
takes place before an accident and experience 
feedback starts when an accident already 
happened so at first sight this thought may seem 
contradictory. Still, a proactive approach should 
be a part of experience feedback because there is 
always a ‘before’ potential future accidents 
The aim of accident investigations by chain 
model was to identify the event sequences and 
all (causal) factors influencing the accident 
scenario in order to be able to propose risk 

reducing measures which may prevent future 
accidents. 
BACKGROUND  
Similar type of models/ methodology  

1. Nine stage set for accident investigation 
(See figure 1) 

2. Six stage methodology for accident /disaster 
investigation (See figure 2 ) 
Nine stage set for accident investigation that 
investigators often encounter in one way or the 
other. The nine stages are: 
 

 

Figure 1 : Nine stage set for accident 
investigation 

The core message in these nine stages has 
similarities with the CHAIN but it does not 



explicitly describe the dissemination procedure, 
even though it is implied in the follow-up stage 
Six step methodology:This methodology has its 
focus on accidents in connection to the MARS 
database for major accidents and base for natural 
accidents. 

 
Figure 2 : Nine stage set for accident 

investigation 
 
SECTION PRESENTING YOUR WORK 
 
Chain model is derived from these two models. 
The CHAIN model can be built by links in a 
chain (see figure 3) and it consists of a chain of 
accident investigation steps. 

1. The first step is the reporting of accidents and 
incidents to the responsible party. 

2. The second step is the selection of accidents and 
incidents in need of a special investigation. 

3. The third step is the investigation process that is 
the centerpiece of this process. 

4. The fourth step is the dissemination of 
experiences and results from the investigation to 
those who are affected. 

5. Finally, the fifth step is the implementation of 
preventive measures in places where similar 
accidents may occur. 
The following two methodologies contain more 
details than the CHAIN model but strength of 

using the CHAIN model for analysis is that the 
image of a chain emphasizes that the whole 
process fails if on step or link is weak or 
missing. All links must work properly; 
otherwise whole chain will fail. An alternative 
possibility would be to present the links in a 
closed-loop. However, it is more important that 
all the steps in the CHAIN need to work 
properly for the experience feedback process to 
run smoothly. Evaluation and follow-up is 
essential and this needs to be done continuously 
throughout the whole process. The areas studied 
in this model are of various types and the 
accidents and incidents that were related to the 
areas studied were also different. The CHAIN 
model was developed because a model that 
could be applied to many different areas and 
possible to use in different accident categories. 
Characteristic for the CHAIN model is its focus 
on the practical performance of experience 
feedback. Reporting, Selection, Investigation, 
Dissemination and Prevention (Figure 1).  
The CHAIN model is built by five links in a 
chain. This model can be criticized for being 
simple but its advantage is that it can be used in 
different organizations. It is easy to remember 
the stages and the fact that they all are 
connected.  

 

 

Figure 3: Chain of accident investigation steps. 
 

Reporting 

Selection 

Investigation 

Dissemination 

Prevention 



Evaluation and follow-up of the whole process 
was not an explicit part of the CHAIN model 
from the beginning but it should be an important 
part of experience feedback and it should be 
included continuously in the whole process. 
Each step of the CHAIN could in fact carry 
through evaluation and follow-up in order to 
improve and make the process as effective as 
possible. The CHAIN model is very 
comprehensive which have one of its benefits 
also. The steps in the CHAIN model have some 
resemblance with the steps in a process of 
learning lessons from accidents in MARS 
database system (Major Accident Reporting 
System).  
 
Later seven quality criteria for the experience 
feedback process were developed using the 
CHAIN model. While developing these criteria 
goal was to find the key content in the learning 
process steps after an accident or incident, and to 
make the criteria as wide and clear as possible.  
The criteria are:  

·  Reporting system for accidents and incidents  
A reporting system for accidents and incidents is 
needed that specify who is responsible for 
reporting, what should be reported, how this 
should be done, and who the recipient of the 
report will be.  

·  Selection methodology  
A well-functioning and suitable methodology for 
selecting accidents and incidents for further 
investigation is necessary, since not all accidents 
and incidents can, or should, be investigated.  

·  Investigation methodology  
A carefully thought-out methodology for 
investigation work is needed. It should specify 
who is responsible for the investigation, what 
competences the investigation team requires, 
and how they should perform the investigation. 
It is essential that investigations reveal 
underlying causal factors.  

·  Dissemination of results  
Routines for dissemination of conclusions, 
proposals, and recommendations from an 
investigation are important, so that its results 
reach those who can make use of them. The 
results should be disseminated and routines for 
availability in the future are needed. Thisis 
merely an informative one. It is important that 
information, knowledge and experiences are 

received and that the recipient knows what to do 
with the message.  

·  Preventive measures  
Results from investigations should be used to 
design preventive actions in order to avoid 
similar accidents and incidents from recurring.  

·  Evaluation and follow-up  
A well-functioning evaluation system should 
incorporate mechanisms for its own 
improvement. Evaluation studies of the effects 
of different methodologies and organizational 
structures are needed.  

·  Co-operation  
A properly functioning collaboration between 
involved parties is needed. Forums, formal or 
informal, for the exchange of experiences are 
needed. These quality criteria can be used as 
tools to organize the process surrounding the 
practical work with experience feedback. An 
authority or other organization can use the 
criteria to make follow-up studies of their own 
work in order to find possible flaws. 
 
CONCLUSION 
Accidents and near misses almost never result 
from one single cause, most accidents involve 
multiple, interrelated causal factors. All factors 
or decision-makers influencing the normal work 
process might also influence accident scenarios, 
either directly or indirectly. This complexity 
should also be reflected in the accident 
investigation process. The aim of accident 
investigations should be to identify the event 
sequences and all (causal) factors influencing 
the accident scenario in order to be able to 
propose risk reducing measures which may 
prevent future accidents. 
Accident investigations should involve using a 
set of accident investigation methods. Chain 
method has different purposes and may make 
their own contribution to the total investigation 
process. It is important to remember that every 
ring of the chain is as significant as the others.  
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ABSTRACT 
 Occupational health and safety is one of the most important aspects of human 
concern. It aims an adaptation of working environment to workers for the promotion and 
maintenance of the highest degree of physical, mental and social well being of workers in all 
occupations. Accident Prevention Programme is a scientific method for identification, 
evaluation of unsafe acts and conditions and provides control (engineering, administrative) 
to eliminate hazards.  We do not wish any accident, but when any accident takes place even 
after effective Accident Prevention Programme, it teaches the real lesson. Our knowledge 
and safety measures are tested and we are compelled to acquire the knowledge of the causes 
of that accident and of preventive measures to stop its recurrence. Case study of accidents 
may play an important and crucial role to provide inputs for Accident Prevention 
Programme. We rethink our arrangement and management (which failed) and turn to 
redesign it on the bases of that real case study. 
 
KEYWORDS:  Safety Management, Accident Prevention Programme, Case Studies  
 
1.0 INTRODUCTION 
 Occupational health and safety is one of the most important aspects of human 
concern. It aims an adaptation of working environment to workers for the promotion and 
maintenance of the highest degree of physical, mental and social well being of workers in all 
occupations. OSH programme helps to get basic knowledge about hazardous, precautions to 
be taken and use of tools and equipments for safety which is to achieve quality and profit. It 
is basically concerned with the identification, evaluation and control of hazards associated 
with the workplace. Industries and organizations often have OHS programs, the objectives of 
which are to reduce: 

�‡�� �2�F�F�X�S�D�W�L�R�Q�D�O�� �L�Q�M�X�U�L�H�V���� �Z�K�L�F�K�� �L�Q�F�O�X�G�H�� �D�Q�\�� �K�D�U�P�� �I�U�R�P�� �D�� �Z�R�U�N�S�O�D�F�H�� �D�F�F�L�G�H�Q�W�� ���H���J������
fracture, cut, burn), Occupational safety usually is concerned with situations that cause 
injury and deals with hazards that lead to severe and sudden outcomes  and 

�‡�� �2�F�F�X�S�D�W�L�R�Q�D�O�� �L�O�O�Q�H�V�V�H�V���� �Z�K�L�F�K�� �L�Q�F�O�X�G�H�� �D�E�Q�R�U�P�D�O�� �F�R�Q�G�L�W�L�R�Q�V�� �F�D�X�V�H�G�� �E�\�� �H�[�S�R�V�X�U�H�� �W�R��
factors associated with the workplace. Occupational health usually is concerned with 
situations that cause illness or disease and deals with adverse reactions to exposure 
over prolonged periods to hazards that are usually less severe, but still dangerous. 

 
2.0 Accident Prevention Program 
 Accident Prevention Program (APP) is a teamwork activity which encompasses for 
the social, mental and physical well-being of workers. �+�H�L�Q�U�L�F�K�¶�V�� �$�[�L�R�P�V�� �D�O�V�R�� �V�W�D�W�H�V�� �W�K�D�W 
Accident prevention techniques are analogous with best quality and production techniques. 
�7�K�H�� �+�H�L�Q�U�L�F�K�¶�V�� �'�R�P�L�Q�R�� �7�K�H�R�U�\1 is considered the first scientific approach to accident 
�S�U�H�Y�H�Q�W�L�R�Q�����$�F�F�R�U�G�L�Q�J���W�R���+�H�L�Q�U�L�F�K�����D�Q���³�D�F�F�L�G�H�Q�W�´���L�V���R�Q�H���I�D�F�W�R�U���L�Q���D���V�H�T�X�Hnce that may lead to 
an injury, a result of a personal or mechanical hazard. These hazards exist only through the 
fault of careless persons or poorly designed or improperly maintained equipment. Faults of 
persons are inherited or acquired as a result of their social environment or acquired by 



ancestry. The environment is where and how a person was raised and educated. The factor 
preceding the accident (the unsafe act or the mechanical or physical hazard) should receive 
the most attention. Hence APP is a scientific method for identification, evaluation of unsafe 
acts and conditions and provides control (engineering, administrative) to eliminate hazards. 
Hence there are three key persons who are responsible for Accident Prevention Programme 
which is mainly for protection of workers in their employment from risks resulting from 
factors adverse to health.  
They are (1) Management/ Employer (2) Safety Professionals and (3) Employee in the form 
of worker, visitor, etc.  
We do not wish any accident, but when any accident takes place even after effective Accident 
Prevention Programme, it teaches the real lesson. Our knowledge and safety measures are 
tested and we are compelled to acquire the knowledge of the causes of that accident and of 
preventive measures to stop its recurrence. Thus we have to utilise the accident causes to 
raise our knowledge for the purpose of safety and this becomes possible by the case studies. 
A case study sharpens and tests our knowledge and arrangement and asks us why did they 
fail? Case study of accidents may play an important and crucial role to provide inputs for 
Accident Prevention Programme. We rethink our arrangement and management (which 
failed) and turn to redesign it on the bases of that real case study.  
 
3.0  Case studies 
 The development of a case study involves first the selection of an appropriate incident 
(accident or near-miss); this is followed by an exposition of the lessons that can be learned 
from the incident and that ideally have universal or at least industry-specific application. 
Learning from accidents is typically a knowledge management activity. This requires 
thorough investigation and correct conclusion. Case studies refer to a range of practices used 
by organisations to identify, create, represent, and distribute information for reuse, awareness 
and learning across the organisation. It can take various aspects: in depth analysis of 
accidents to set up improvements, accident databases describing accident scenarios, analysis 
of the emergency response of an organisation facing an accident.  
 
4.0  Importance of case studies 
 Case studies therefore incorporate the concept of lessons learned as the primary 
motivation for their use. This usually means that the most effective case studies are those 
giving details of a failure or shortcoming of some sort; it is human nature to pay attention 
when a story is being told and a loss�² whether catastrophic or not�² is involved. The goals of 
Case studies as: 

�‡���,�G�H�Q�W�L�I�\���W�K�H���L�Q�F�L�G�H�Q�W�����D�F�F�L�G�H�Q�W�����Q�H�D�U���P�L�V�V�� 
�‡���$�F�T�X�L�U�H���&�U�L�W�L�F�D�O���.�Q�R�Z�O�H�G�J�H�� 
�‡���6�K�D�U�H���W�K�H���V�W�R�U�H�G���.�Q�R�Z�O�H�G�J�H���L�Q���I�R�U�P���R�I���F�D�V�H���V�W�X�G�L�H�V 
�‡���$�S�S�O�\���W�K�H���.�Q�R�Z�O�H�G�J�H���W�R���D�S�S�U�R�Sriate situations such as meetings, training etc. 
�‡���'�H�W�H�U�P�L�Q�H���W�K�H���H�I�I�H�F�W�L�Y�H�Q�H�V�V���R�I���X�V�L�Q�J���W�K�H���D�S�S�O�L�H�G���N�Q�R�Z�O�H�G�J�H 
�‡���$�G�M�X�V�W���.�Q�R�Z�O�H�G�J�H���X�V�H���W�R���L�P�S�U�R�Y�H���H�I�I�H�F�W�L�Y�H�Q�H�V�V 

 
 4.1 For Management/ Employer  
 The capacity to manage risks and maintain industrial safety is largely depends on the 
management/ employer. It is the responsibility of employers to ensure that the working 
environment is safe and healthy. This means that they must prevent, and protect workers 
�I�U�R�P���� �R�F�F�X�S�D�W�L�R�Q�D�O���U�L�V�N�V���� �%�X�W���H�P�S�O�R�\�H�U�V�¶���U�H�V�S�R�Q�V�L�E�L�O�L�W�\�� �J�R�H�V���I�X�U�W�K�H�U�����H�Q�W�D�L�O�L�Q�J���N�Q�R�Z�O�H�G�J�H���R�I��
occupational hazards and a commitment to ensure that management processes promote safety 
and health at work. For example, an awareness of safety and health implications should guide 
decisions on the choice of technology and on how work is organized.  



 
4.2 For Safety Professionals 
 OHS professionals can also take advantage of meetings of divisional managers to 
present case studies of the circumstances in which accident take places. These presentations 
should include dramatic photographs of the unsafe condition which may have caused the 
injury, showing why it was dangerous and how the danger could be eliminated. These case 
studies will be eye opener and make a mental note by management to ensure that no such 
accident can occur in any facility under their control. In a variant of this strategy, an OHS 
profession may took photographs of a number of machines on various location which were 
being operated without their guards or in some other dangerous way. These photos were 
displayed on the walls of the meeting room and managers looked at each with great attention 
to see whether any of the machines might have been on a site under their control.  
Safety professional may use case studies as a tool during training programme to employees. 
Case studies as story telling with observations and recommendations may impact deep to 
workers and they will remember it years long. Supplementary information in the form of 
copies of slides and additional background reading is often useful. Attempts should be made 
to measure the effectiveness of the training by course evaluation forms issued at the time of 
the session, by a subsequent refresher session and by checking for improvements in health 
and safety performance (such as a reduction in specific accidents). 
 
4.3 For Employee 
 Personal factors, which affect health and safety, may be defined as any condition or 
characteristic of an individual which could cause or influence him/her to act in an unsafe 
manner. They may be physical, mental or psychological in nature. Personal factors, therefore, 
include issues such as attitude, motivation, training and human error and their interaction 
with the physical, mental and perceptual capability of the individual. 
Attitude is the tendency to behave in a particular way in a certain situation. Attitudes are 
influenced by the prevailing health and safety culture within the organization, the 
commitment of the management, the experience of the individual and the influence of the 
peer group. Peer group pressure is a particularly important factor among young people and 
health and safety training must be designed with this in mind by using examples or case 
studies that are relevant to them. Behaviour may be changed by training, the formulation and 
enforcement of safety rules and meaningful consultation �± attitude change often follows. 
Perception is the way in which people interpret the environment or the way in which a person 
believes or understands a situation. In health and safety, the perception of hazards is an 
important concern. Many accidents occur because people do not perceive that there is a risk. 
It is important to understand that when perception leads to an increased health and safety risk, 
it is not always caused by a conscious decision of the individual concerned. Case study helps 
in changing perception as after knowing that accident may happen in this way also force 
thinking and hence perception changes. 
 
5.0 Case study examples: A case study can be defined as an examination of a single 
individual incident/ accident. Safety professionals who develop case studies do not 
necessarily favour one data collection method over another. For example, data can be 
collected via observation or through investigation. In present paper case study is defined in 
terms of the description followed by observation and recommendations.  
 
Case study 1 (Electrical Safety): When an electrician was checking electrical cable at false 
ceiling and no illumination was there. He used hand lamp to get illumination. As his 
colleague put the hand lamp cable and put on, the electrician got electric shock and fell down 
from stair used for approaching the false ceiling.  



 
Observations:  

�¾ The hand lamp did not have a guard over the bulb. 
�¾ Supply to the hand lamp was taken through a two wire flexible cable from a tapping 

point at a distance of about 10 m. 
�¾ The cable had joints at three different places. 

Recommendations:  
�¾ A joint free three cable with proper earthing should be used for hand lamp. 
�¾ Supply should be taken from the nearest supply point and should have isolation 

switch near to work spot  
�¾ Hand lamps with guard should only be used. 
�¾ Regular periodical checking of the portable equipment should be carried out to avoid 

such incidents. 
 
Case Study 2 (Machine Safety): When a employee cutting epoxy board using shearing 
machine, his left hand three fingers amputated due to come in contact with shearing blade. 
 

 
 
Observations: 

�¾ At the time of accident, the guard of the machine protecting the hazard from grip plate 
and machine blade was not fitted. It was removed to accommodate the thicker job on 
the shearing machine. 

�¾ Shearing machine is used for cutting epoxy sheets. 
Recommendations: 

�¾ To accommodate the plates of different thickness, the fitting of the guard should be 
made self adjustable type by fixing the bolts of the guard through slots. 



�¾ To cut the epoxy sheets, alternate methods of cutting like use of hack saw or hand 
shears could have preferred. 

�¾ Prior to use of shearing machine, operator should check that the machine guard (s) are 
in their place. 

�¾ Well trained persons should only operate machines. 
 
Case Study 3 (Forklift safety): While a forklift operator was reversing, it hit to a person 
working in the workshop area.  
 

 
 
Observations: 

�¾ Forklift driver neither ensured that the path was clear before reversing nor hooted the 
horn to alert the persons nearby. 

�¾ The person was not wearing safety shoes provided to him during the work. 
 
Recommendations: 

�¾ Forklift driver should hoot the horn while reversing the vehicle to alert persons 
nearby. 

�¾ Persons should wear safety shoes in the workshop and also should be alert to what is 
going on in the area. 

 
 
6.0  CONCLUSION 
Case studies are particularly useful in conducting training exercises as part of an overall 
Industrial Safety Management (ISM). They have also been shown to have value in addressing 
other PSM components such as hazard identification and risk analysis. it is the concept of 
lessons learned that makes case studies so effective regardless of their ultimate end use. The 
lessons that can be learned by the study of previous incidents fall within one or more of the 
following general categories: (1) Legacy lessons, (2) Engineering lessons, and (3) 
Management lessons. 
 
 
Reference: 
[1]   Knowledge Management For Industrial Safety, Generic Resource Platform 
Combined With An Ontology Based Approach, Bruno Debray1, Amjad Abou Assali, Isabelle 
Pradau1, Jacques Vaudelin and Dominique Lenne, ineris-00976181, version 1 - 9 Apr 2014 
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Abstract: 
Root cause analysis is one of the most important elements of problem-solving in any organization. 
�7�K�D�W�¶�V�� �E�H�F�D�X�V�H�� �L�I��we�¶�U�H�� �Q�R�W�� �D�L�P�L�Q�J�� �D�W�� �W�K�H�� �U�L�J�K�W�� �W�D�U�J�H�W����we�¶�O�O�� �Q�H�Y�H�U�� �E�H�� �D�E�O�H�� �W�R�� �H�O�L�P�L�Q�D�W�H�� �W�K�H�� �U�H�D�O��
�S�U�R�E�O�H�P���W�K�D�W�¶�V���K�X�U�W�L�Q�J��safe work environment. In science and engineering, there are essentially two 
ways of repairing faults and solving problems or eliminating disastrous events. Reactive management 
consists in reacting quickly after the problem occurs or event takes place, by treating the symptoms. 
This type of management is implemented by reactive systems, self-adaptive systems, self-organized 
systems, and complex adaptive systems. The goal here is to react quickly and alleviate the effects of 
the problem/events as soon as possible. 
 
Proactive management, conversely, consists in preventing problems or events from occurring. Many 
techniques can be used for this purpose, ranging from good practices in design to analyzing in detail 
problems or events that have already occurred, and taking actions to make sure they never reoccur. 
Speed is not as important here as the accuracy and precision of the diagnosis. The focus is on 
addressing the real cause of the problem rather than its effects. 
Root-cause analysis is often used in proactive management to identify the root cause of a 
problem/event, that is, the factor that was the main cause of that problem. 
 
Key words: Problem Solving, Reactive management, proactive management, self-adaptive systems 
 
Introduction: 
 

What is a Root Cause Analysis? A root cause analysis is a means to get to the bottom of a problem or 
unexpected event. Root cause analyses are important to undertake when our unusual/significant events 
are taking place. Root Cause Analyses aim at improving for an incident free environment operating 
plants as well as in construction sites - and they must be undertaken in systematic ways in order to be 
effective. The general process for undertaking a root cause analysis is: 
 
�¾ Describe the problem/event we are  looking at 

�¾ Collect the  data associated with the event 

�¾ Identify potential causes for the event 

�¾ Identify which causes you will remove or change in order to prevent repeat events 

�¾ Identify solutions that will be effective in preventing repeat events 

�¾ Implement changes 

�¾ Observe changes to ensure that they have effectively eliminated the events to occur 

There are many techniques involved in a root cause analysis. One can be made familiar with all types 
of root cause analysis techniques.  

Five Whys Analysis: 

The five Whys analysis can be quite useful for getting to the underlying causes of a problem/event. 
By identifying the problem, and then asking "why" five times �± getting progressively deeper into the 
problem, the root cause can be strategically identified and tackled. 

 

 

 



Failure Mode and Effects Analysis (FMEA): 

The failure mode and effects analysis (FMEA) is a technique aimed to find various modes for failure 
within a system. Many manufacturing companies utilize this technique. FMEA requires several steps 
to execute: 

a) All failure modes (the way in which an observed failure occurs) must be determined. 
b) How many times does a cause of failure occur? 
c) What actions are implemented to prevent this cause from occurring again? 
d) Are the actions effective and efficient? 

 

 

Fig.-1 

Pareto Analysis: 

Pareto Analysis is a statistical technique in decision-making used for the selection of a limited number 
of tasks that produce significant overall effect. It uses the Pareto Principle (also known as the 80/20 
rule) the idea that by doing 20% of the work you can generate 80% of the benefit of doing the entire 
job. Take quality improvement, for example, a vast majority of problems (80%) are produced by a 
few key causes (20%). This technique is also called the vital few and the trivial many. 

In the late 1940s Romanian-born American engineer and management consultant, Joseph M. Juran 
suggested the principle and named it after Italian economist Vilfredo Pareto, who observed that 80% 
of income in Italy went to 20% of the population. Pareto later carried out surveys in some other 
countries and found to his surprise that a similar distribution applied. 

We can apply the 80/20 rule to almost anything: 

 

Fig.-2 

 



Fault Tree Analysis: 

Fault Tree Analysis (FTA) is another method of getting to the root cause of a problem. An FTA uses 
Boolean logic to determine the root causes of an undesirable event. This root cause analysis technique 
is often used in risk analysis and safety analysis. At the top of the fault tree, the undesirable result is 
listed. From this event, all potential causes tree down from it. Each potential cause is listed on the 
diagram in the shape of an upside down tree. 

 

 
 

Fig.-3 

Current Reality Tree (CRT): 

The current reality tree analyzes a system at once. It would be used when many problems exist and 
you want to get to the root causes of all the problems. The first step in creating a current reality tree is 
listing all of the undesirables or, problems. For example, you may have the following problems with 
your computer:  

Now, what happens next is to begin a chart starting with each of those problems using causal 
�O�D�Q�J�X�D�J�H�����L�I�«�D�Q�G�«�W�K�H�Q�������7�K�H���W�U�H�H���Z�L�O�O���G�H�S�L�F�W���H�D�F�K���S�R�W�H�Q�W�L�D�O���F�D�X�V�H���I�R�U���D���S�U�R�E�O�H�P�����(�Y�H�Q�W�X�D�O�O�\�����W�K�H���W�U�H�H��
will show one cause that is linked to all four problems. 
 

 

Fig.-4 



Fishbone or Ishikawa or Cause-and-Effect Diagrams: 

No matter what term we use for the fishbone diagram, the truth is that it is a useful technique that will 
help us in your root cause analysis. A fishbone diagram will group causes into categories including:  

 

Fig.-5 

Depending on the industry we are in, we may use different categories such as t�K�H�� ���� �0�¶�V��
(Manufacturing-Man Power, Machine, Material and Measurement), t�K�H�� ���� �6�¶�V�� ���6ervice- Systems, 
Surroundings, Supplies and Skills���� �R�U���W�K�H������ �3�¶�V�� ���D�O�V�R���V�H�U�Y�L�F�H�������7�K�H��diagram gets its name due to the 
fact that it looks like a fishbone, with categorized causes and their sub-causes visualized. 

  

 

 

Fig.-6 

 

 

 

 

 

 

�¾ People 

�¾ Measurements  

�¾ Methods 

�¾ Materials 

�¾ Environment 

�¾ Machines 

 

 



Kepner-Tregoe Technique: 

The Kepner-Tregoe technique, also known as rational process is intended to break a problem down to 
its root cause. This process begins with an appraisal of the situation �± what are the priorities and 
orders for concerns for specific issues? Next, the problem analysis is undertaken, where an analysis is 
undertaken to get the cause of undesired events. Then, a decision analysis is tackled, outlining various 
decisions that must be made. Finally, a potential problem analysis is made to ensure that the actions 
decided upon in step three are sustainable. 

 

Fig.-7 

RPR Problem Diagnosis: 

One final technique used in root cause analyses is the RPR Problem diagnosis. RPR stands for "Rapid 
Problem Resolution" and it deals with diagnosing the causes of recurrent problems. This process has 
three phases: 

 

 

Discover - Team members gather data and analyse their findings 

Investigate - A diagnostic plan is created and the root cause is identified through careful analysis of 

the diagnostic data 

Fix - The problem is fixed and monitored to ensure that the proper root cause was identified 

 

Most of the occasions, we are adopting PRR Problem Diagnosis. Concerned safety agency will 
constitute a task force with expertise in operation & Maintenance, Fire Services, Electrical and 
Industrial Safety back ground. 

 

Case Study: 

Brief Description of the Incident:  

A Fire incident was caused in one of the departmental canteens in the mid night.  About 20 canteen 
staff was sleeping in the incident area. Fire was extinguished successfully by canteen staff using 
portable CO2 fire extinguishers. There was no loss of life or property. 
 

Concerned Unit Level Safety C�R�P�P�L�W�W�H�H���F�R�Q�V�W�L�W�X�W�H�G���D���W�D�V�N���I�R�U�F�H���W�R���F�D�U�U�\���R�X�W���µ�5�R�R�W���&�D�X�V�H���$�Q�D�O�\�V�L�V�¶��
of the incident. Task Force Team visited the incident site, interacted with canteen staff and collected 
the facts. 

 

Canteen Staff awake after sensing a burring smell with dark smoke all around. The power supply of 
the area was tripped. Canteen staff could see the burning of electrical wires with the help mobile 
torch. One of the canteen staff rushed to CO2 fire extinguishers which were kept nearby. He activated 
the fire extinguisher applied on the base of fire. Fire was successfully extinguished using two 
quantities of CO2 fire extinguishers. 

 

SITUATION ANALYSIS

PROBLEM ANALYSIS DECISION ANALYSIS POTENTIAL PROBLEM ANALYSIS



The canteen area was well under Fire Detection and Alarm System of the building. On duty security 
guard could hear the fire alarm and location of the fire incident on the FDA panel. Immediately, 
Security guard reached incident location and confirmed the fire incident and contacted Fire Services 
Section through concerned Assistant Security Officer. On receiving the Fire call, Fire Crew arrived to 
the incident location and ensured no further fire. 

 

The Task Force carried out the Root Cause (RCA) of the Fire incident and formulated 
recommendations. Fire incident was an electrical Fire. Cause of electrical fire was due to oil lamp 
(Diya) kept near to LED series Light used as garland on the photo of  deity. The Root Cause analysis 
by the Task Force is explained through Fault Tree Analysis (FTA) in Fig.-8 
 

 

 

 

 

 

 

 

 

 

 

                           Both Oil Lamp &                         LED Series lights 

 

 

 

 

 

 

 
                     Fig.-8 Root Cause Analysis (RCA) of Electrical Fire Incident  
                                          Through Fault Tree Analysis (FTA) 

 
Recommendations: 

�¾ The lighting of oil lamp, incense sticks (Agarbathi) etc., near to the combustible materials is an 
unsafe act as per the industrial safety point of view. Hence, the lighting of oil lamps, agarbathi etc., 
at office premises shall be strictly discontinued. 

�¾ Fire Safety Training shall be imparted to all the canteen staff 

�¾ Exit and route marking with self illuminating tape 

�¾ Ensure the switching of electrical gadgets during night hours 

�¾ Display of Emergency contact details in prominent locations 
 

Conclusion:  

By adoption of the Reactive to Proactive approach, i.e., periodical pre-inspections of the 
work environments by internal group could   minimise occurrence of events/incidents. 

References:  

1. Root Cause Analysis Hand Book-A guide to Efficient and Effective Investigation by ABS consulting  
2. https://www.brighthubpm.com 
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ABSTRACT: Blasting for rock is the method 
of excavation by mean of explosive but having 
some adverse effect on structure and harm to 
the people due to rock-flying, ground 
vibration, air overpressure and dust emission. 
Blasting at construction site should be 
executed safely to ensure that there is no harm 
to the people and structure near the vicinity of 
blasting area, to overcome the adverse 
blasting effect risk control and assessment 
plan should be implemented which is termed 
as Blasting Management Plan (BMP). The 
main objective of BMP is to establish blasting 
process methodology and blast design 
confirming to standard and Acts aiming that 
misadventure and damage could not be 
occurred during the blasting operation. 

Keyword:Air overpressure, blasting, ground 
vibration, hazard, management, plan, rock-
flying 

1. Introduction 

Blasting is an operation that engineers resort to 
break the rock mass by mean of explosive and 
to facilitate the removal of overburden 
material; it is an operational science consisting 
of safety, stability and economical viability 
issues. The objective of blasting in  is to obtain 
the maximum yield with desired fragmentation 
in a safer  manner  with  minimum  side  
effects  like  ground vibrations,  noise and  fly  
rock,  while  in civil  engineering projects  it is 
to  create space[1]. The prediction and 
assessment  of  the  rock  size  distribution  
produced  by blasting are important in 
understanding the blasting process[2] and flying  
of rocks is always a major concern  that caused 
serious injury and death to employees and 
other persons. Injuries due to flyrock and the 
lack of blast area security accounted for over 
60% of all blasting-related injuries in surface 
coal, metal, and non-metal mines during the 
period 1990-2015. The Institute of Makers of 
Explosives (IME) has defined flyrock as the  

 

rock propelled beyond the blast area by the 
force of an explosion and comes in different 
sizes and shapes, ranging in mass from few 
ounces to several tons [3]. At construction site 
blasting is often conducted close to population 
centres and requires special evaluation 
considerations for flyrock management ground 
vibration, air blast, fume, and dust. Proper 
blast management plan, knowledge of local 
geology, and use of blasting shelter play an 
important role in preventing flyrock accidents. 
In order to control the blasting effect 
parameters, risk control and management plan 
should be draft and implemented before 
pursuance of an event to ensure that 
misadventure would be relinquished. 

1.1 Blasting and its effect 

Blasting for rock is the fastest and economical 
method of excavation but having some adverse 
effect like rock flying, ground vibration and air 
over pressure which resulting the damage to 
the structural components. Directorate General 
of Mines and Safety (DGMS) specified the 
frequency of vibration for different structure 
and to avoid structure against threshold 
damage the ground particle velocity should be 
less than 70mm/s.[4] 

2. Objective of Blasting Management Plan 

A blast management plan (BMP) is a risk 
control plan used in explosive blasting. It aims 
to ensure blasts do not harm people in the area 
and limit damage to the environment. It is the 
assessment method to control the engendering 
hazards due to blasting such as flying of rocks, 
vibration and air over pressure. It should 
consist of risk assessment as shown in figure 1 
and site specific control measures as shown in 
table1.  

BMP should be prepared in accordance with 
the statuary Laws, Acts and respective codal 
provisions. Its objective should be that no 
structure or wokmen comes under the vicinity 
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of blasting area would be effected during the 
pursuance of blasting and drilling operation 
and foolproof plan should be established.  

 

Figure.1 Risk Assessment Method 

 

 

Table 1. Risk Assessment and Control 
Measures 

S.No Identified 
Risk 

Risk Control 

1 Unauthorised 
access to blast 
area 

All approaches to the 
project site, shall be 
closed by barriers at 
a distance of not less 
than 400 m, 

2 Inadequate 
training and 
competency for 
staff 

The blaster should 
have valid licence 
issued by competent 
authority and having 
a working 
knowledge of Rules 
and Regulations 
pertaining to 
explosives. 

3 Competency of 
contractors 

Review competency 
and training; set 
minimum standards, 
state requirements in 

contracts. 
4 Blasting 

procedure 
Maintaining safe 
blasting procedures. 

5 Inconsistency 
in performance 
of explosives 

Test explosives, 
develop procedures 
for use of explosives, 
ensure shot firers are 
licensed and 
experienced. 

6 Damage to 
structures 

Evolution of ground 
acceleration and  air 
blast overpressure 

7 Risk of fly 
rock 

Calculate quantity of 
explosives, 
stemming and 
capping, set up 
exclusion zones, use 
blast mats 

 

2.1Outline of Blasting Management Plan  

The BMP should be prepared in accordance 
with the codes and standards, limits for the 
same are mentioned in table 2, and also 
complying the factors which are affecting the 
blast design and its safety parameters such as: 

�x Layout of the blast including the 
drilling pattern and hole depth 

�x Drilling procedure 
�x Explosives type/quantity, firing 

equipment and method 
�x Procedures for loading and charging 
�x Detonation sequence/effective charge 

�P�D�V�V���S�H�U���G�H�O�D�\�����0�,�&�����µ�S�R�Z�G�H�U���I�D�F�W�R�U�¶ 
�x Misfire handling procedure 
�x Details of reports, drawings and 

records consulted 
�x Post blast assessment and inspection 

procedures 
�x Setting up the exclusion zone 
�x The communications system required 

for those involved in the blast 
�x A plan to manage traffic around the 

site 
�x Information for owners/occupiers of 

structures, providers of services and 
neighbours 

�x Competency 
�x Warning systems 
�x Explosive storage and handling 

procedures. 
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Table 2 Site Controlling Parameter 

S.No Description Limits Reference 
1 Safe guard 

distance at 
the time of 
blast 

400 m IS 4081-
1986 

2 Permitted 
distance of 
work at the 
time of hole 
charging 

15 m Indian 
Explosive 

act 

3 Peak 
Particle 
Velocity for 
concrete 
structure 

75mm/s IS 14881-
2001 

4 Safe air 
pressure 
level 

< 130dB AS 2187.2-
2006 

 

2.2Blast design methodology opted at site 
complying with BMP 

Flyrock is a serious outcome from blasting 
which may not only injure the people but also 
building, equipment and material have been 
damaged, on the other hand ground vibration 
also effect the structural integrity and even 
leads  damage or distortion to the structure. 
The leading parameter which influencing both 
ground vibration and rock flying is blast 
design. In BMP blast design play a vital role in 
minimizing the hazard arose due to blasting; if 
blast design is controlled then subsequently 
hazards are minimized and even in control. As 
per project requirement the peak particle 
velocity should be less than 10 mm/s for civil 
structures and 3mm/s for structures containing 
electrical equipment. 

Field trial has been carried out for assessment 
of peak particle velocity and air over pressure; 
38 mm diameter holes were drilled with 
jackhammer drilling machine. The burden and 
spacing between holes are 1.0m and 1.2m 
respectively. Ammonium Nitrate slurry was 
used to charge the holes and drill cutting was 
used for stemming the holes. The maximum 
charge per delay is varied from 0.75 Kg �± 
11.25 Kg depending on charge per hole. The 

detonating chord was used as down- the - line 
and cord relay was used as delay in trunk line. 
The blast was initiated with the help of electric 
detonator. The charging and drilling pattern 
was given in figure 2 and blasting details was 
mentioned in table 4, accordingly ground 
acceleration was monitored with seismograph 
place at different location. 

Table 3 Blast Design Parameters 

Parameters For 1.2 m Bench 
Height 

Diameter of holes 
(mm) 

38 

Depth of hole (m) 1.2 
Burden (m) 1 

Spacing between 
holes (m) 

1 

Type of explosive Ammonia Nitrate 
Slurry  

Charge per hole (kg) 0.375 
Stemming material Drill Cutting 

Stemming length (m) 0.6 
Initiation system Detonating chord 

(10gm/m) and chord 
relay of 17/25/42 ms 

Specific charge 
(Kg/Cum) 

0.31 

Drilling sequence Figure 2 
 

Figure 2 Drilling and Charging Pattern of 
Blast
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3.  Discussion and Conclusion 

In lieu with BMP the blast was design as per 
table 4 and it is observed that Peak Particle 
Velocity and fly rocks are within limits 
specified by authorities and IS Codes;  a 
checklist has been prepared to counter   all 
possible risk which has been assessed due to 
blasting is illustrated in table 5, this 
methodology is very much effecting in 
eliminating the blasting hazard and all short 
coming shall be superseded and this risk 
assessment plan of blasting also helps in 
investigating and analysing the accident causes 
and further improvement in pursuance of safe 
work. 

Table 4 Checklist of Blasting 

S.No Description Yes/No 
 Post Blasting  
1 Permit issued  
2 Hole were drilled as per 

plan 
 

3 Licence of Blaster verified  
4 Explosive Class verified  
5 Charging done as per blast 

design 
 

6  Delays are installed as per 
BMP 

 

7 Area Barricade  
8 Post Siren Sounding  
9 Seismograph installed  
10 Permitted to Blast  
 After Blasting  

11 Misfire observed  
12 Rock fly beyond extrusion 

zone 
 

13 Siren sound after blast  
14 Ground acceleration 

recorded 
 
 

15 Damage to Structure  
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ABSTRACT: 

Though different tasks are carried out in the 
construction site, some of them are found high risk 
of its nature. This paper explains particularly the 
experience gained during mega concrete pour 
(approx.8000m3) in FRP area a single largest pour 
in DAE, Working inside the Base slab (confined 
space area) and Safe transportation of Over 
Dimension Consignment (ODC) tanks into Fast 
Reactor Fuel Cycle Facility (FRFCF) construction 
site.  

INTRODUCTION: 

FRFCF is an integrated multi-unit mega project 
and is being executed by IGCAR and it is essential 
for supply of fuel to PFBR and future FBRs. 
FRFCF is co-located with PFBR to avoid 
movement of radioactive spent fuel and 
reconstituted fresh fuel in the public domain. 
FRFCF has 5 major plants in the nuclear island 
viz. Fuel Reprocessing Plant (FRP), Fuel 
Fabrication Plant (FFP), Reprocessed Uranium 
oxide Plant (RUP), Core Subassembly Plant (CSP) 
and Waste Management Plant (WMP).  

Mega Concrete Pour for a raft of 7950 m3 M45 
Grade 23 Degree C placement temperature 
concrete of the safety related structure is the single 
largest pour of DAE executed at Fast Reactor Fuel 
Cycle Facility (FRFCF), IGCAR, Kalpakkam 
(Fig-1).  

During construction of final Base slab in FRP 
Block-1 has become a confined space area where 
many workers are engaged in formwork such as 
shuttering, de-shuttering, etc., and concreting on 
round the clock basis. The work was really a very 
big challenge in many aspects w.r.t. to industrial & 
fire safety.  

Transportation of ODC tanks from different parts of 
India is also a high risk activity to enter in IGCAR 
premises and unloaded safely.  

The constraints and safety precautions during the 
above three tasks are discussed in detail.  
 
Task 1: A MEGA CONCRETE POUR 

It was planned by the management to carry out 
concreting of the raft (99.5m x47m x 1.7m), at FRP 
construction site which became the largest single 
pour in DAE. The initial prediction of completion 
of the pour was 8 consecutive days which shows 
proper planning had to be ensured by the 
management for the engineers in all discipline. The 
pour was monitored with a dedicated manpower for 
each activity continuously. The management was 
very particular about to avoid any untoward 
incidents and maintain the health and safety of each 
worker. 

   
FIG.-1: MEGA POUR SITE 
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Constraints: 

The major constraints during the pour are listed 
below. 

1. Vehicle traffic because the pour area located in 
(-) 17.6m from the Existing Ground Level 
(EGL). 

2. Entry & Exit 
3. Lighting  
4. Fatigue due to continuous operation 
5. Walking over the reinforcement bed may 

cause trip hazard & entanglement.  
6. Accountability of workers during shift change. 
7. Earthing for electrical equipments and light 

fixtures. 

Safety Precautions: 

The safety measures implemented to overcome the 
constraints are listed below. 

1. Safe Work Procedure, JHA & Checklist.  
2. PEP talk conducted for each shift. 
3. Duty roaster for employees & contractors. 
4. Proper means of earthing of equipments and 

lighting ensured by Electrical Engineer. 
5. Adequate no. of lighting fittings were 

provided. 
6. Approved traffic plan with emergency entry 

route was made. 
7. Traffic marshals and Signalman at road 

junctions & reversing locations. 
8. Rest huts were provided for workers to avoid 

heat stress and fatigue. 
9. Proper means of access with hand rail over the 

reinforcement bed. 
10. Housekeeping in the work areas carried out at 

the end of the shift. 
11. Drinking water and Mobile toilet facility were 

provided.  
12. First aider with ambulance stationed at pour 

location (Fig-2) 
13. Safety related observations were recorded in 

the observation register for rectification. 
14. Safety coverage by safety team. 

 

Implementation of industrial safety is repetitive 
process to achieve zero accident as a goal in 
construction site. Subtle amount of unsafe acts and 
conditions were exist due to work urgency, 
negligence, short cut of work etc., during the course 
of work were overcome by strict safety surveillance 
and taken necessary corrective action for the 
deficiencies and finally achieved the completion of 
work without any injury.   

 
FIG.2: AMBULANCE KEPT NEAR THE POUR 

AREA.  

TASK 2:  BASE SLAB WORK BECOME A 
CONFINED SPACE 

This area was treated like a confined space located 
at (-) 10.5m from ground level. That  huge base 
slab having a dimension of 108m length x 54.5m 
width x 6 m depth and having 5 openings each 
having a size of 1.5.m x 1.5m including staircase 
opening of 3m x 6.8m. During the construction the 
Base slab it looks like a confined space with large 
openings and workers were engaged for shuttering 
and de-shuttering work inside the confined space. 
The constraints and the safety measures taken are 
described below  

Constraints: 

1. Ventilation system 
2. Oxygen deficiency 
3. Entry and Exit for workers 
4. Communication system 
5. Illumination level 
6. Entry and Exit route markings 
7. Fire hazard 
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8. Accountability of  workers 
9. Drinking water & Toilet facility 
10. Lack of supervision 
11. Power cut 
12. Emergency rescue 
13. Emergency route access and training. 

 

 
FIG 3: ACCESS TO ENTER THE UNDER SLAB 

AREA.  
 

 
FIG. 4: EXTERNAL AIR SUPPLY.  

Safety Precautions: 

1. JHA & daily checklist. 
2. Safe work procedure.  
3. Pep talk & Training. 
4. Proper access provided in 3 places (Fig.-3). 
5. 3nos of 800 dia, 10Hp Mechanical ventilation 

system was installed (Fig.-4). 
6. Oxygen level monitored with the help of O2 

meter. 
7. Walkie �± Talkie system was provided. 

8. Adequate illumination level was maintained by 
providing LED lights and emergency lights. 

9. Entry and Exit route markings displayed with 
the help of reflective stickers 

10. Adequate fire points were installed. 
11. Entry and exit register were maintained. 
12. Drinking water facility was arranged at ground 

floor. 
13. Dedicated supervisor was deployed to monitor 

the work.  
14. Daily inspection checklist 
15. Adequate no. of vertical stretchers and 

ambulance were readily available near the work 
spot. 

Summary 

Working in a confined space area may risk to life 
but avoiding the work also not possible. So, a 
calculated risk was taken with implementation of 
utmost safety precautions to minimise the risk and 
make a healthy working atmosphere to the workers 
who were involved in the activity for successful 
completion. 

 

 
FIG. 5: STRETCHER KEPT READY IN CASE OF 

EMERGENCY.  
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TASK 3:  TRANSPORTATION OF ODC 
TANKS 

The ODC tanks with the dimension of 14m length, 
5m height and 4.7m dia were transported from 
different parts of India to FRFCF successfully to 
the storage locations. The problems faced and 
resolved are discussed below in detail. 

Constraints: 

1. Securing ODC Tank at trailer bed to avoid 
toppling. 

2. Lifting the ODC tank and reversing of trailer 
between the jacks. 

3. Toppling of vehicle during movement. 
4. Hit the HT/ LT overhead electric power lines 

and trees while transportation. 
5. Adverse weather conditions. 
6. Protruding materials /structures. 
7. Uneven ground surface at unloading area. 
8. Failure of mechanical parts of power jack. 
 

 
FIG. 6: ODC TANKS  

Safety Precautions: 

1. ODC tank was secured by stoppers and 
lashing chains. 

2. Road survey along with driver was done prior 
to transportation. 

3. Overhead barrier was used both the sides of 
electrical lines. 

4. During heavy rain / adverse wind condition 
means vehicles kept ideal. 

5.  Red flag was fixed at the back of the trailer 
and flickering lights were also installed. 

6. Stability of the soil condition, MS plate and 
wooden sleepers were ensured. 

7. ODC tank lifted higher than the trailer bed 
safely by hydraulic jack and no worker was 
allowed to stand under the tank. 

8. Only tested hydraulic jacks, and certified jacks 
with authorized operators were utilized. 

Summary 

Shifting of huge tanks is common in industries but 
the constraints will differ from place to place. The 
same was happened in FRFCF site, the work was 
properly planned w.r.t. procedures, field survey, 
training, test certificates of mechanical equipment 
used during transportation & unloading. This entire 
process of making the planning, procedures and 
finalizing the documents took time to set right but 
the work was completed unexpectedly within the 
time. 

CONCLUSION: 

So many consequences aroused during the 
preparation of safe work procedures and JHA for 
each task and it took time which was not expected 
by the engineers and contractors but they realised 
that, there was no time delay while completing the 
job. The safety performance of the activities was 
enhanced by making the engineers to understand 
the importance of Industrial Safety involved in each 
step of the work. The three tasks discussed above 
gives the execution engineers a great moral support 
to carry out such kind of hazardous work activities 
safely in future. As told accidents may happened in 
the construction site is a myth, if the work planned 
safely as the tasks done safely. 

REFERENCE: 

1. AERB Safety Guidelines NO. AERB / NRF / 
SG / IS-1 (Rev.1) 

2. Atomic Energy (Factories) Rules,1996 
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CHALLENGES FACED DURING SHIFTING & POSITIONING OF A 

RCC FRAMED STRUCTURE (THREE STORIED) AT SEISMIC TABLE �± 
A CASE STUDY 

 

ABSTRACT  
 

For shifting and positioning of a RCC framed 
structure, material handling equipments like EOT 
crane, mobile crane, hydra etc., were used. It is 
essential for any industry to have certain safety 
guidelines for material handling activities and to 
create awareness among the workers, site supervisor, 
and engineers. We aim to maintain safe working 
condition at all R&D facilities by the implementation 
of safe working procedure and legal compliance. In 
this paper the challenges faced during shifting & 
positioning of RCC framed Structure at Seismic table 
facility in Structure Dynamics Lab (SDL) facilities, 
IGCAR is taken as a case study. 
 
INTRODUCTION 

 
IGCAR is engaged in broad based multidisciplinary 
programme of scientific Research and advanced 
engineering directed towards the development of Fast 
breeder Reactor technology. Structural Mechanics lab 
of IGCAR is extensively involved in structural 
dynamics studies and most of the FBR related 
mechanical structures are handled at 100 MT shake 
table facilities for seismic qualification. A joint 
experimental study is carried out by BARC & 
IGCAR on coupled behavior of structure-equipment-
piping system during earthquake with and without 
base isolators. Industrial and Fire Safety Section 
(IFSS) will advise and assist the management in 
fulfilling its obligations, statutory & concerning 
prevention of personal injuries for maintaining safe 
work environment. IFSS carries out detailed job 
safety studies for selected jobs such as shifting and 
positioning of structures.  

The most challenging work where IFSS involved was 
handling the Reinforced concrete structure of G+2 
floors with plan area of 5.5 m x 5.5 m at 100 MT 
shake table facilities. Administrative controls were 
implemented in the form of work permit system like 
height work permit, hot work permit, excavation 

permit, temporary electrical supply permit & confined 
space entry permit. Height pass physical test is 
conducted for all workers who are working at higher 
elevations.  
 
METHODOLOGGY  
 
The handling of real RCC structure is first time in 
IGCAR. No precedence was there. So many methods 
were identified in handling structure like skid rolling, 
railing and lifting etc. As we all know concrete is 
weak in tension and good in compression so this 
handling should be planned in such a way that no 
tensile force should act on the structure otherwise it 
will crack. The main �R�E�M�H�F�W�L�Y�H���R�I���W�K�H���V�W�X�G�L�H�V���F�R�X�O�G�Q�¶�W��
be fulfilled if it cracks. Depending on the constraint at 
the site and time availability it was decided to go for 
lifting of the structure. Job Hazard Analysis (JHA) 
has been carried out for shifting and positioning of 
RCC framed structure model of size 5.5 m x 5.5 m x 
9 m having around 30 MT in weight.  

�$�V�� �P�H�Q�W�L�R�Q�H�G�� �H�D�U�O�L�H�U�� �G�L�U�H�F�W�� �O�R�D�G�� �F�D�Q�¶�W��be applied to 
lift the RCC structure in order to avoid tensile force 
which leads to crack, so to lift this a evener beam of 
250mm ISMB was designed to carry the structure 
with the help of 200 MT capacity of tyre mounted 
telescopic boom crane & ������ �Q�R�¶s of 30 MT capacity 
hydra crane were used for shifting and positioning. 
According to Atomic Energy (Factories) Rules 1996, 
Rule 55, Operator & signal man`s eye sight and 
colour vision has been examined and declared fit by a 
qualified ophthalmologist to work. Vision test 
certificate, valid crane operator driving license, 
fitness certificate for telescopic boom crane is also 
ensured before starting the work. In addition to this 
Height pass test is also conducted for crane operators 
and riggers. Safety induction training is imparted for 
all the workers who were involved in shifting and 
positioning activities.  

Shiva Sai Prasad Gogu* 
*gogu@igcar.gov.in 
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Fig. 1. VIEW OF SHIFTING OF TWO STORIED RCC 
STRUCTURE & PLACING AT THE ENTRANCE OF 

SLIDING DOOR. 

Height work permit is obtained prior to the shifting 
work. Entire area was barricaded to prevent 
unauthorized entry at the time of shifting and 
positioning on shake table. While shifting RCC 
framed structure guide ropes were used. Hand signals 
and flags were used for better communication 
purpose. Safe work procedure is prepared before the 
start of shifting activity which is approved by 
Engineer-In-Charge (EIC). 200 MT capacity of tyre 
mounted telescopic boom crane is used for shifting 
the RCC structure from the fabrication area to 
entrance of the sliding door. Then 2 no�¶s of hydra 
crane of capacity 30 MT were used due to space 
constraint to shift the RCC framed structure from the 
entrance of the sliding door to place it on shake table.  

 

 

Fig. 2. VIEW OF BUCKLING OF EVENER BEAMS 

 

 

CHALLENGES:  

1. Existing sliding door opening at SDL facilities 
through which structure to be taken inside for testing 
was only 6m wide and 11.7 m height i.e, head room 
available was less to carry the structure with 200T 
crane directly because of boom length and height of 
the structure. 

2. Lifting of G+2 RCC structure of 9 m height without 
cracking with the help of  evener beam to carry the 
loads directly with a 200T capacity crane from 
fabrication yard  to near sliding door entrance of the 
SDL facilities. 

3. Presence of ramp in front of the sliding door 
entrance was major constraint while lifting the 
structure with the help of 02 no`s of 30 MT cranes.  
The same evener beam 250mm ISMB was used for it. 
Due to the tandem loading and boom restriction in the 
30 MT cranes the slings angle was reduced to less than 
45 degree which has caused uneven loads in the evener 
beam and got buckled. The evener beam was 
redesigned to suit this crane and load distribution with 
450mm ISMB and got lifted. 

4. Space constraint inside high bay of SDL facilities, 
the free space available for working is less and roof 
height  is 15m.The maximum boom length of 200 MT 
capacity crane is of 15m and it was parked inside the 
building for lifting and positioning of structure on 100 
MT shake table. To lift the RCC structure the boom 
length caǹt be extended due to height restriction of the 
facility.  

 

 
 

Fig.3. VIEW OF TWO STORIED RCC STRUCTURE 
ENTERED THROUGH SLIDING DOOR TO INSIDE 

HIGH BAY OF DIAMENSIONS (6.5m x 12m) 
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The work was carried out under strict supervision by 
EIC, contract supervisors & safety personnel. Caution 
boards were displayed and the entire area was 
barricaded to prevent unauthorized entry. In addition to 
this a trial run for lifting RCC structure by 200 MT 
telescopic crane was made before the start of first lift 
and it was demonstrated for finding out the difficulties 
in de-slinging & de-hooking of evener beam. Double 
Life lines were established between the columns of the 
structure. Good quality of PPE`s were ensured for the 
workers involved in shifting and positioning activities. 

 
 

Fig. 4: POSITIONING OF TWO STORIED RCC 
STRUCTURE ON SHAKE TABLE WITH HELP OF 200 

MT TELESCOPIC BOOM CRANE. 

 
 
Fig. 5: VIEW OF THREE STORIED RCC STRUCTURE 

POSITIONED ON 100 MT SHAKE TABLE 

Conclusion 
 
The shifting and positioning of RCC framed structure 
on 100 MT shake table at SDL facilities was 
successfully completed by adopting various safety 
measures. In spite of our strict safety monitoring & 
conducting safety awareness training programmes, 
we have observed some of the Near Miss Accidents 
(NMA), during shifting of RCC structure and all 
�1�0�$�¶�V�� �Z�H�U�H�� �U�H�S�R�U�W�H�G�� �	�� �L�Q�Y�H�V�W�L�J�D�W�H�G�� �I�R�U�� �F�R�U�U�H�F�W�L�Y�H��
action. 
 
 REFERENCES 

 
1. Atomic Energy (Factories) Rules -1996. 
2. AERB Safety Guidelines, Control of Works. 
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ABSTRACT  

 
Most of the industrial RCC ventilation stacks are 

tall structures with circular cross-sections. 
Ventilation stack and chimneys are essential in the 
process industry to carry the gases vertically and 
discharge it to the atmosphere; during the 
construction of these structures, safety plays a vital 
role for successful completion of works. Slipform is a 
construction technique which is used for decades for 
production of concrete structures. Slipforming 
involves complex operations as compared to other 
construction techniques due to which these 
operations to be executed by specialized manpower 
who are having vast experience in this filed and each 
activity to be carried out with inherent safety. The 
paper describes the enhancement of safety systems 
in the construction of RCC ventilation stack by using 
slipform technique for successful completion of 60 
meters height stack. 

INTRODUCTION 

FRFCF nuclear Island area RCC ventilation stack 
work was planned at EAFB area. The dimensions of 
the stack are the height of the stack is 60 m above 
FFL and 20 m below FFL, bottom diameter 7.8m 
and top diameter 5.2 m with a wall thickness of 0.5 
m. construction of stack can be done by two ways 
one is conventional type formwork and another one 
is slipform technique. With the past experience, the 
contractor and site civil execution team have chosen 
slipform method for construction of stack because it 
is a highly efficient method of constructing tall 
concrete structures.   

A slipform consists of a framework of horizontal 
walings and vertical yokes. The slipform panels 
are connected to each other o inside of the 
walings. Each side of slipform is connected to 
vertical yokes that keep panels in position. The 
jacks for the lifting of form are installed on 
horizontal crossbeam between yokes. When 
slipform is lifted, all the jacks are activated 
simultaneously. Hydraulic driven jack is most 
commonly used. The slipform panel is normally 

between 1.1 and 1.3 meters high and made up of 
steel plates.  
    Principles of slipforming are illustrated in Figure 1. 
Slipform operation is a continuous working process 
where the slipform is kept close to full of concrete 
while it is lifted stepwise. Slipforming is labour 
intensive over short periods, but when properly 
planned and executed it offers significant advantages 
with respect to overall construction time, quality and 
safety. 

 
 

Fig.1. Cross Sectional View of Slipform Structure 
 
CONSTRUCTION METHODOLOGY  

After design approval construction team approached 
the safety department with Job hazard analysis and 
safe work procedure to construct 60m height RCC 
stack by using slipform method. FRFCF safety 
section reviewed the documents and necessary 
instructions were given to the contractor. 
Contractor mobilized specialized manpower who is 
having experience in the construction of stacks and 
third party inspection was carried out for the material 
winch, passenger car, material car and hydraulic 
jacks. Initial bottom concrete was done with the help 
of conventional formwork when it reached to one feet 
height conventional formwork was replaced with 
slipform structure as shown in Figure 2. 
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FIG.2. VIEW OF SLIPFORM REPLACED WITH 
CONVENTIONAL FORMWORK  

After reaching a height of 5m area is backfilled and 
manual entry door was provided for shifting the 
concrete and personal movement to the top 
elevation. The people working at stack area 
undergone medical examination and given training 
in height work and height passes were issued. For 
�V�K�L�I�W�L�Q�J�� �W�K�H�� �U�H�E�D�U�¶�V�� �V�H�S�D�U�D�W�H�� �Z�L�Q�F�K�� �K�D�V�� �E�H�H�Q��
provided. Slipforming was continuation work and 
once in a 15 days work was stopped for 
housekeeping work. Daily stack height was 
increased to 2m and work was completed in two 
months time. 
 
ENHANCEMENT SAFETY IN VARIOUS 
ACTIVITIES OF SLIPFORM WORK 

Construction of 60m height RCC stack is a very 
critical activity because the involvement of height 
works. Some challenges were faced during the 
construction work and each activity was performed 
after enhancing the safety in the Slipform. Some of 
the safety challenges during the construction of RCC 
stack are 

�x Communication between people working at 
ground and  height. 

�x �6�K�L�I�W�L�Q�J�� �R�I�� �F�X�U�Y�H�G�� �V�K�D�S�H�� �U�H�E�D�U�¶�V�� �W�R�� �W�K�H�� �K�L�J�K�H�U��
elevation. 

�x Fall of men and material from a height. 
�x Construction materials and man movement. 
�x Illumination and uninterrupted power supply. 
�x Ensuring fire safety during hot work at height. 
�x Unauthorized entry into the slipform structure. 
�x Material handling equipment inspection. 
�x Ensuring safety in adjustable type working 

platforms and suspended platforms. 
�x Ensuring lightning arrestor, aviation lamp and 

monitoring of wind velocity. 
�x Provision alternative access in case of 

emergency. 

Communication between the ground people and 
the people working at height: 

Communication between the winch operator and the 
people working at height is a continuous activity for 
hoisting the material and people from ground to the 
top level in order achieve this we have provided 
walkie-talkie system and alarm system at the ground 
level as well as at the slipform working platform. 
After instructions received from the people working 
at height winch operator give the signal by pressing 
the alarm and switch on a green light when the winch 
is in operation and when the winch is not in use 
operator switch on the red light. Ref Fig.3. & limit 
switches were installed at the bottom entry gate and 
top gate to prevent the accidental start of a winch. 

 

FIG. 3: PROVISION OF COMMUNICATION AND 
WARNING SYSTEMS 

�6�K�L�I�W�L�Q�J�� �R�I�� �F�X�U�Y�H�G�� �V�K�D�S�H�� �U�H�E�D�U�¶�V�� �W�R�� �W�K�H�� �K�L�J�K�H�U��
elevation: 

�6�K�L�I�W�L�Q�J�� �R�I�� �U�H�J�X�O�D�U�� �V�K�D�S�H�� �U�H�E�D�U�¶�V�� �W�R�� �K�H�L�J�K�W�� �L�V�� �Q�R�U�P�D�O��
�D�F�W�L�Y�L�W�\���E�X�W���L�Q���D���V�W�D�F�N���F�R�Q�V�W�U�X�F�W�L�R�Q���U�H�E�D�U�¶�V���W�R���E�H���I�R�U�P�H�G��
�W�R�� �F�X�U�Y�H�� �V�K�D�S�H�� �D�Q�G�� �V�K�L�I�W�L�Q�J�� �F�X�U�Y�H�G�� �V�K�D�S�H�� �U�H�E�D�U�¶�V�� �W�R��
height is a tough job due to its geometry. To overcome 
this issue a separate material basket is designed and 
fabricated at the site and tested by a third-party 
inspector and shifted the material. Ref. Fig 4. 

 
FIG 4:  �6�+�,�)�7�,�1�*�� �2�)�� �&�8�5�9�(�'�� �6�+�$�3�(�� �5�(�%�$�5�¶�6�� �%�<��
USING BASKET 
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Fall of men and material from a height: 

During stack construction, people were working at 
different heights and a lot of material also kept on 
the height for regular use. To prevent the fall of men 
and material we have established a safety net for the 
material and the men and lifelines were also 
provided in the entire working platform so that the 
worker can anchor their safety harness to the lifeline 
and height work permit is obtained for the slipform 
work. All the workers working at height have 
undergone medical examination followed by height 
pass physical test. The area below the stack is 
barricaded to prevent the personal movement. Ref. 
fig 4. 

Construction materials and man movement: 

Men and material movement to the height is a 
challenging job in stack work due to space 
constraints and as the height of the stack is gradually 
increasing day by day permanent access for material 
�D�Q�G���P�H�Q���F�D�Q�¶�W���H�V�W�D�E�O�L�V�K�����)�R�U���D���V�P�R�R�W�K���P�R�Y�H�P�H�Q�W���R�I��
material and men, a winch was installed with a 
passenger cabin and material drum and these 
equipments are tested and certified by a competent 
person before putting them in to use. Both are in the 
same line and limit switches were installed for the 
gates and attendants also posted at both the gates. To 
prevent the free fall of the passenger cabin and 
material drum self-locking device is fixed and 
persons inside the cabin can operate the device in 
manual mode to bring the cabin to ground level. 
Ref.05 

 
 
FIG 5. PROVISION OF SELF LOCKING DEVICE FOR 
THE WINCH ROPE AND MATERIAL DRUM & 
PASSENGER CABIN 
 
Ensuring illumination and uninterrupted power 
supply: 

Slipform is a continuous work which requires an 
uninterrupted power supply for safe execution of 
work for the operation of the winch and other 
electrically operated equipment this is ensured by 
providing diesel generator at site and illumination 
was also important to carry out works at night, 

sufficient numbers of lights were provided and 
illumination was monitored on a regular basis. 
 
Ensuring fire safety during hot work at height: 

Slipform working platforms are made of timber 
material which is combustible in nature and hot work 
is also an essential activity for fabrication work for 
this purpose gas cutting set with gas cylinders will be 
kept at slipform deck. During hot work there is a 
possibility of fire incidents to avoid this hot work 
permit is obtained for the hot work and a sufficient 
number of fire extinguishers were provided and are 
maintained on regular basis and also fire safety 
training was given to the people working at slipform. 
In addition to the extinguisher, availability of water is 
ensured from the curing line. 
 
Unauthorized entry into the slipform structure: 

A separate team of workers was identified for the 
slipform stack work in spite of that some of the 
people try to enter into the stack which is a safety 
concern. To address this issue a register with a 
security guard is posted all the time at the entry point 
to check and allow only authorized persons to the 
height. People are going to the height should show 
their height pass card to the security and sign in the 
register. 
 
Material handling equipment inspection: 

Construction of RCC stack by using Slipform 
involves many materials handling equipment. All 
these MHE are tested at the site by a competent 
person and after receiving the test certificates only the 
work was started. All the material handling 
equipments are inspected once in a day by a team of 
two people comprising of safety officer and 
mechanical engineer. 

Ensuring safety in adjustable type working 
platforms and suspended platforms: 

Slipform structure needs an adjustable type working 
platform because of diameter variation at the bottom 
and top. To have an adjustable working platform the 
platform is made of timber. Timber material is 
combustible material and also it can break in case of 
the heavy object kept on it. To avoid fire incident fire 
extinguishers are kept at the platform and good 
quality of timbers were selected and replaced on 
regular intervals and also heavy objects were not 
allowed to the suspended platforms. 
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Ensuring lightning arrestor, aviation lamp and 
monitoring of wind velocity: 

As the days go on the height of the stack will 
increase and it will be the tallest structure at the site 
during rainy conditions there is a chance of lightning 
strike at the stack it is a serious concern for the 
safety of the people working at height as well as 
structure. To overcome this we have installed 
lightning arrestor at the top of the structure and 
connected the lead to the ground earth pit. Ref Fig 6. 
In addition to this aviation lamp & anemometer also 
fixed to monitor the wind speed in case wind speed 
reaches 50 km/hr all the height works will be 
stopped.  

 
FIG 6:  PROVISION OF LIGHTING ARRESTOR, 
AVIATION LAMP AND ANEMOMETER FOR THE 
SLIPFORM STRUCTURE 

Provision alternative access in case of emergency: 

When people are working at height if there is any 
emergency situation arises due to fire or failure of 
mechanical winch system or some other reason an 
alternative access is to be provided. To have a 
emergency access a rope ladder was installed outside 
the stack and locked at the ground level to prevent 
the oscillation. This ladder can be used in case 
emergency. 

CONCLUSION: 

Successful completion of RCC Ventilation stack was 
done by adopting various safety systems and 
enhanced safety in every activity from the past 
operational experience. 

Slipform technique can be used for a large variety of 
concrete structures, most spectacularly for tall 
structures where speed of erection, absence of cold 
joints, good control of workmanship and enhanced 
safety are important merits.  
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ABSTRACT 

Behaviour-based-safety (BBS) is the 
"application of science of behaviour change to 
real world safety problems" or "A process that 
creates a safety partnership between 
management and employees that continually 
focuses people's attentions and actions on 
theirs, and others, daily safety behaviour." The 
construction industry is one of the most injury-
prone industries, in which production is 
usually prioritized over safety in daily on-site 
communication. Workers have an informal and 
oral culture of risk, in which safety is rarely 
openly expressed. BBS means to include 
everyone to care for and remove or correct 
unsafe behaviour on the spot. Unsafe 
behaviour is recognized as the root cause for 
all accidents. Almost 100% of accidents due to 
unsafe acts, 40-50% of the unsafe behaviours 
are noticeable at any plant or construction site 
at any plant or construction site at any given 
point of time. This paper tests the effect of 
increasing leader-based on-site verbal safety 
communication on the level of safety and 
safety climate at construction sites. 

Keywords 

Behaviour-based-safety (BBS), Construction 
safety, Safety culture, Construction site, 
Personnel Protective Equipment (PPE) 

Problem Statement 

Measuring the effectiveness of BBS programs 
can be tricky and require constant and real-
time review of the observation data collected 
by your observers. 

Literature survey 

There are four type of safety culture:- 

 

 
 

(i) Reactive Safety Culture:-In safety, 
a reactive response occurs after an 
injury or illness and usually has the 
purpose of minimizing the costs 
associated with the injury or illness.  
When management emphasizes a 
reactive approach to safety, it sends a 
negative message to employees. 

(ii ) Dependent Safety Culture: -
Dependent safety culture is a matter of 
following a bunch of rules that 
Management made up. Management 
thinks accident will decrease if only 
everybody followed the rules. In this 
safety culture incident will reduce but 
at the same time, it will have the fear 
of discipline. So dependent safety 
culture is inadequate or insufficient. 

(iii ) Independent Safety Culture: -In this 
safety culture employees take 
responsibility for themselves. Safety is 
personal and they can prevent 
accidents with their own actions. The 
biggest benefit of this kind of safety 
culture is individual recognition that 
helps in further reducing the incidents. 

(iv) Interdependent safety Culture: - In 
this safety culture employees take 
responsibility for themselves as well 
as for their co-employees and vice-
versa. In this teams of employees feel 
ownership for safety. Low safety 
standard and risk taking is not 
tolerated and employees are having 
active communication. 
Highlyappreciated and this is also 
known as Brother to Brother safety. 

 

That is why behaviour based safety is 
important now a days for effective increase of 
number of safe behaviours. Based on the 
feedback received from the observation of 
operational behaviour of employees there can 
be an effective increase of safe behaviour in an 
organization. The Below checklist in table-



1may be use for obtaining the feedback of 
Behaviour-Based-Safety. 

 

Company/Area/ 
Dept. 

BBS 
Observation 
Checklist Card 

Date: 

Behaviour 
Categories 

No. of 
safe 
Behavi
ours(a) 

No. 
of at-
risk 
Beha
viour
s(b) 

No. of 
spot-
correcti
ons(c) 

1.PPE 
      

2.Housekeeping 
      

3.Using 
tools/Equipment       
4.Body 
positioning       
5.Material 
handling       
6.Communication 

      
7.Following 
procedures       
8.Visual focusing 

      
9. Using mobile 
while working       
10. Road Safety 
behaviours       
Total= 

      
%Safe=[a/(a+b)]
*100       
% At 
Risk=[b/(a+b)]*1
00       
% Spot 
Correction=[c/b]
*100       
Final 
Improvement=[(a
+c)/(a+b)]*100       

Table-1 

Evaluation 

When implementing a BBS program, 
observers (employees trained to conduct on-
site safety reviews) conduct reviews of other 
employees with an eye on their behaviour. 

These observers record safe and unsafe 
behaviours, in addition to noting safe and 
unsafe workplace conditions. The observer 
then shares the findings with the worker and 
provides feedback. Positive feedback is 
encouraged. Discussing the ways in which  
Employees can perform their tasks in a safer 
manner helps workers and observers to 
become more aware of their behaviour.   BBS 
programs are based on a continuous feedback 
loop where employees and observers provide 
input on improving safety to each other and 
safety professionals utilize the data collected 
in conducting the observations to continually 
improve the BBS program. 
 
 
Company/Area/ 
Dept. 

BBS Observation 
Checklist Card 
  

Date: 

Behaviour 
Categories 

No. of 
safe 
Behavi
ours(a) 

No. of 
at-risk 
behavi
ours(b) 

No. of 
spot-
correcti
ons(c) 

1. PPE 30 6 6 
2. Housekeeping 6 2 2 
3. Using 
tools/Equipment 15 2 1 

4. Body 
positioning 22 5 5 

5. Material 
handling 17 1 1 

6.Communication 18 1 0 
7. Following 
procedures 25 1 1 

8. Visual 
focusing 33 6 6 

9. Using mobile 
while working 9 1 1 

10. Road Safety 
behaviours 4 0 0 

Total= 179 25 23 
%Safe=[a/(a+b)]
*100 88   
% At 
Risk=[b/(a+b)]*1
00 

12   

% Spot 
Correction 
[c/b]*100 

92   

Final 
Improvement=[(a
+c)/(a+b)]*100 

99   

Table-2 



Conclusion 

From the above example in table-2 it is very 
clear that simply by implementing the 
feedback obtained from the BBS checklist one 
can increase the safe behaviours in an industry 
from 88% to 99%. 

Hence feedback obtained can be utilized for 
the enhancement in industrial safety. 
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ABSTRACT  

Arc Flash Hazard Analysis is carried out to determine Arc 
Flash Incident Energy and Arc Flash ProtectionBoundary. 
Arc Flash Protection Boundary is the limit within which 
there is a potential for second degree burn to the persons 
exposed to an electric arc. Arc Flash Incident Energy is 
used to determine the level of Personal Protective 
Equipment (PPE) required to protect the persons in the 
vicinity of arc flash from a second degree burn. In this 
paper a case study of Arc Flash Incident and methodology 
of Arc Flash HazardAnalysisisdescribed.  

Keywords 

Arc-Flash Hazard Analysis, Arc-Flash Protection 
Boundary, Incident Energy, Personal Protective 
Equipment 

INTRODUCTION 

Arc flash hazard analysis is a tool to determine Arc 
Flash Incident Energy and Arc Flash Protection 
Boundary to which employees could be exposed 
during their work on or near electrical equipment. Arc 
Flash Protection Boundary is the limit within which 
there is a potential for second degree burn to the 
persons exposed to an electric arc, when there is a 
fault. A second degree burn is possible by an 
exposure of unprotected skin to an electric arc flash 
above the incident energy level of 5 J/cm2 (1.2 
cal/cm2). Arc Flash Incident Energy is used to 
determine the level of Personal Protective Equipment 
(PPE) required to protect the persons in the vicinity 
of arc flash from second degree burn. Arc Flash 
Protection Boundary is used to identify the distance 
from the live electrical parts up to which significant 
Arc Flash hazard exists [1],[2]. A typical case study 
on Arc Flash Incident and Arc Flash Hazard Analysis 
calculations are given in the following sections: 

CASE STUDY 

Event Description 

While carrying out Preventive Maintenance (PM) of a 
415 V MCC Cell, there was an electrical flash over 
which resulted in burn injury of a worker. The worker 
along with his assistant was about to complete PM 
jobs in the MCC Cell. The MCC cell door was 
checked by the worker to confirm proper making of 
sliding contacts. When the worker was adjusting 

Rack in/Rack out lever mechanism of MCC Cell for 
ensuring proper door closing, a flash over took place. 
He received superficial burn injury over his face and 
right and left forearms. 

Analysis  

�x Length of flexible copper strips between Lyra 
contacts and isolator was more than the required.  

�x Length of B-phase bolt was more when compared 
with bolts of other phases. 

�x Worker was not using electrical PPEs while 
adjusting Rack in /Rack out lever mechanism. 

�x While adjusting Rack in/Rack out lever 
mechanism of MCC cell, the cell might have 
moved and touched flexible copper strips of Y-
phase (between Lyra contacts and Isolator) with 
projected length of B-phase bolt, leading to short 
circuit between two phases.  

�x Clearance between flexible copper strip of Y 
Phase and projected bolt length of B phase was 
less. 

Cause 

Reduced clearance between flexible copper strips of 
one phase and extended length of bolts of other 
phases.  

Recommendations 
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�x Nuts and bolts of required size should be ensured 
between Lyra contact and isolators in all similar 
MCCs.  

�x Length of flexible thin copper strips between 
Lyra contacts and Isolator in all similar MCCs 
�V�K�R�X�O�G���D�G�M�X�V�W�H�G���D�V���S�H�U���P�D�Q�X�I�D�F�W�X�U�H�U�¶�V���G�H�W�D�L�O�V���� 

�x Arc flash hazard analysis should be carried out 
and appropriate Arc Resistant PPEs shall be used 
by the workers while working near charged 
electrical equipment. 

ARC FLASH HAZARD ANALYSIS 

Arc Flash Hazard Analysis was carried out as per the 
Industrial & Fire Safety Guide No. 
NPCIL/I&FS/04700/SG-14/R-0. Following are the 
steps involved in Arc Flash Hazard Analysis: 

Step-1: Collection of System and Installation Data 

Following system data have been obtained from the 
name plate of a typical 415 V AC Switchgear Unit: 

Make: General Electric air circuit breaker 

Rated Voltage: 415 V AC 

Rated Current: 1000 A 

Bolted Fault current: 50 kA 

Frequency: 50 Hz 

Relay opening time: 40 mSec 

Step 2: Determine the System Modes of Operation 

For a typical 415 V switchgear Unit, following are the 
possible modes of operation: 

�x One feeder in service 

�x Utility interface substation secondary bus tie 
breaker in open condition 

�x Unit substation with two primary feeders. 

�x Unit substation with two transformers with 
secondary tie in closed condition. 

�x MCC with two feeders, both energized. 

Step 3: Determine the Bolted Fault Currents 

Bolted fault current: 50 kA as per name plate 
description. 

Step 4: Determine the Arc Fault Currents 

Since system voltage is under 1000 V, the equation 
given below is used for determination of Arcing 
current [2]: 

lgIa =  K+ 0.662 lgIbf + 0.0966 V +0.000526 G + 
0.5588 V (lgIbf) �± 0.00304G (lgIbf) 

Where  

lg Log10 

Ia Arcing current in kA 

K  0.097 for box configuration  

Ibf Bolted fault current= 50 kA 

V  System voltage in kV = 0.415 kV 

G  Gap between conductors in mm = 32 mm (Table 
4) 

lgIa = K+ 0.662 lgIbf + 0.0966 V +0.000526 G + 
0.5588 V (lgIbf) �± 0.00304G (lgIbf) 

 =  1.3133355 

Then, Convert from 

Ia = 10(lgIa)  

 =  101.3133355 

 =  20.5748 kA 

Step 5: Find the Protective Device Characteristics 
and Duration of Arc 

Protective device characteristics can be obtained from 
�W�K�H���P�D�Q�X�I�D�F�W�X�U�H�U�¶�V���G�D�W�D��Table-1 shows recommended 
circuit breaker operating times.  

Table-1: Power Circuit Breaker Operating Times 

Circuit Breaker Rating and type 
Opening 

Time 
(Seconds) 

Low voltage (moulded case)(< 1000 V) 
(integral trip) 

0.030 

Low voltage (insulated case)(< 1000 V) 
power circuit breaker (integral trip or 
relay operated) 

0.040 

Medium voltage 

(1�±35 kV) 

0.060 

High voltage 0.060 
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(> 35 kV) 

As per Table-1for low voltage (insulated case: 415 
V),  

Circuit breaker opening time  = 0.04 sec 

Relay opening time  = 40 msec 

 =  0.04 sec  

Duration of arc (t) = Circuit breaker opening time + 
Relay opening time 

 = 0.04 + 0.04  

 =  0.08 sec. 

Step 6:  Document the System Voltages and 
Classes of Equipment 

Document the system voltage and the class of 
equipment for each bus as shown in Table-2. 

Table-2:  Classes of Equipment & Typical Bus Gaps 

Classes of equipment 
Typical Phase to 
Phase Clearance 

(mm) 

11 kV &and 33 kV Switchgear 152 

6.6 kV Switchgear 104 

Low-Voltage Switchgear 32 

Low Voltage MCCs &Panel Boards 25 

The required details can be obtained from the 
�P�D�Q�X�I�D�F�W�X�U�H�U�¶�V���Q�D�P�H���S�O�D�W�H���I�L�[�H�G���R�Q���W�K�H���H�T�X�L�S�P�H�Q�W�� 

Step 7: Select the Working Distances 

Arc-flash protection is based on the incident energy 
�O�H�Y�H�O�� �R�Q�� �S�H�U�V�R�Q�¶�V�� �I�D�F�H�� �D�Q�G�� �E�R�G�\�� �D�W�� �W�K�H�� �Z�R�U�N�L�Q�J��
distance, not the incident energy on the hands or 
arms. Degree of injury in a burn depends on the 
�S�H�U�F�H�Q�W�D�J�H�� �R�I�� �D�� �S�H�U�V�R�Q�¶�V�� �V�N�L�Q�� �E�X�U�Q�H�G���� �7�K�H�� �K�H�D�G�� �D�Q�G��
body are the large percentage of total skin surface 
area and injury to these area much more life 
threatening than burns on the extremities. Typical 
working distances are shown in Table-3.  

Table-3: Classes of Equipment & Typical Working 
Distances 

Classes of equipment Typical Working 
Distances (mm) 

11 kV and 33 kV Switchgear 910 

6.6 kV Switchgear 910 

Low-Voltage Switchgear 610 

Low Voltage MCCs and 
Panel Boards 

455 

Working distance =  610 mm.  

Step 8: Determine the Arc-Flash Incident Energy  

For finding out Incident energy, determine  

lgEn =  K1 + K2 + 1.081 lgIa + 0.0011 G 

Where 

En is Incident Energy (J/cm2) normalized for time 
and distance  

K1  is �± 0.555 for box configurations  

K2  is �± 0.113 for grounded systems 

lgIa has been derived above which is =1.5073355 

G  is the gap between conductors (mm) = 32 mm 
(Ref. Table-2) 

Therefore,  

lgEn =  K1 + K2 + 1.081 lgIa + 0.0011  

 =  -0.555-0.113+1.081x1.3133355+0.0011x 32 

 =  0.7869  

En =  10(lgEn) 

 = 100.7869 

 =  6.1221 J/cm2 

Arc flash incident energy is determined by the 
empirical formula given below: 

 

 

 

Where  

E Arc Flash Incident Energy (J/m2) 

Cf Calculation Factor 

 1.0 For voltages above 1kV and 

 1.5 For voltages at or below 1 kV 

En Arc Flash Incident Energy in J/cm2 

t Arc time 
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D Distance from the possible Arc point to the 
person (mm) 

x Distance exponent from Table-4 

 

  

= 
 4.184x1.5x6.1221x(0.08/0.2)x(6101.473/6101.473) 

= 3.67 cal/cm2 

Table 4: Factors for Equipment & Voltage Classes 

System 
Voltage 

(kV) 

Equipment 
Type 

Typical 
Gap 

Between 
Conductors          

(mm) 

Distance 
x Factor 

0.208�±1 

Open air 10�±40 2.000 

Switchgear 32 1.473 

MCC and 
panels 

25 1.641 

Cable 13 2.000 

>1�± 5 

Open air 102 2.000 

Switchgear 13�±102 0.973 

Cable 13 2.000 

>5�±15 

Open air 13�±153 2.000 

Switchgear 153 0.973 

Cable 13 2.000 

Step 9: Determine the Flash-Protection Boundary 

Arc flash-protection boundary is the distance from 
the arc source at which the onset of a second degree 
burn could occur. It is determined after obtaining 
incident energy in Step-8 using empirically derived 
model given below: 

 

 

 

Where 

DB Distance of boundary from arcing point (mm) 

Cf  Calculation factor 

  1.0 For voltages above 1 kV, and 

  1.5 For voltages at or below 1 kV, 

En  Incident energy normalized 

EB Incident energy in J/cm2at the boundary distance. 
EB can be set at 5.0 J/cm2 for bare skin (no hood) 
or at the rating of proposed PPE. 

t Arc time (seconds) 

x Distance exponent from Table-4. 

= [4.184x1.5x6.1221 x (0.08/0.2) x (6101.473/5)] (1/1.473) 

= 1307.6 mm  

= 1.3076 m  

Step 10: Personal Protective Equipment (PPE) for 
Arc Flash Protection  

Arc-rated clothing and other PPEs shall be used by 
the employee based on the incident energy exposure 
associated with the specific task. PPE requirements 
for arc-flash protection is determined by using the 
Table H.3 (b) of NFPA 70E-2000; �³�*�X�L�G�D�Q�F�H�� �R�Q��
Selection of Arc-Rated Clothing and Other Personal 
Protective Equipment (PPE)*�´����Since Arc flash 
Incident energy (3.67 cal/cm2) is between 1.2 to 12 
cal/cm2,recommended personnel protective 
equipment are: 

�x Arc-rated clothing and equipment with an arc 
rating equal to or greater than the incident energy 
determined in a hazard analysis (Note 3.) 

�x Arc-rated long-sleeve shirt and arc-rated pants or 
arc-rated coverall or arc flash suit (SR) (Note 3.) 

�x Arc-rated face shield and arc-rated balaclava or 
arc flash suit hood (SR) (Note 1.) 

�x Arc-rated jacket, parka, or rainwear (AN) 

�x Hard hat 

�x Arc-rated hard hat liner (AN) 

�x Safety glasses or safety goggles (SR) 

�x Hearing protection 

�x Heavy-duty leather gloves or rubber insulating 
gloves with leather protectors (SR) (Note 4.) 

�x Leather work shoes 
AN: As needed in addition to the protective clothing and PPE required 

SR:  Selection of one in group is required 

Notes: 
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1. Face shields with a wrap-around guarding to protect the face, chin, 
forehead, ears and neck area are required. For full head and neck 
protection, use a balaclava or an arc flash hood. 

2. �$�O�O���L�W�H�P�V���Q�R�W���G�H�V�L�J�Q�D�W�H�G���³�$�1�´���D�U�H���U�H�T�X�L�U�H�G 

3. Arc ratings can be for a single layer, such as an arc-rated shirt and 
pants or a coverall or for an arc flash suitor a multi-layer system 
consisting of a combination of arc-rated shirt and pants, coverall 
and arc flash suit. 

4. Rubber insulating gloves with leather protectors provide arc flash 
protection in addition to shock protection. Higher class rubber 
insulating gloves with leather protectors, due to their increased 
material thickness, provide increased arc flash protection. 

CONCLUSION 

Arc Flash hazard analysis helps to determine Arc 
Flash Incident Energy andArc Flash Protection 
Boundary. Arc Flash Protection Boundaryindicates 
the limit within which there is a potential for second 
degree burn to a person, if he works within this 
boundary and an electrical arc flash occurs.PPEs to 
prevent injury due to an Arc Flash is determined 
based on Arc Flash Incident Energy. Arc Resistant 
PPEs shall be used while working on electrical 
equipment within Arc Flash Protection Boundary. 

REFERENCES 

[1] NFPA 70E: Standard for Electrical Safety in 
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Performing Arc-Flash Hazard Calculations 
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ABSTRACT 

Sharing of Operating Experience and Lessons 
Learned from accidents and incidents are 
valuable sources of useful information for 
safety management system improvement and 
accident prevention.Critical analysis of 
accidents and identification of root cause is 
essential for this purpose. Industrial & Fire 
Safety Group of NPCIL Corporate Office has 
developed an �³Experience Sharing 
�S�U�R�J�U�D�P�P�H�� ���(�6�3���´ for sharing of experience 
and lessons learnt from Industrial& Fire 
Safety related events. Under this programme, 
national and international Industrial & Fire 
Safety related events are analysed to identify 
root causes, contributory causes, lesson 
learned. On each such event, suggestions are 
given to prevent occurrence of similar events. 
Experience Sharing Programme Reports 
(ESPRs)are issued to all key positions at 
NPCIL Corporate Office, Operating Stations 
and Construction Projects. ESPRs are 
discussed in the safety committee meetings and 
utilised as case studies during Industrial & 
Fire Safety training programmes.Since its 
inception in 2014, total 64 ESPRs have been 
issued. This paper gives an analysis of ESPRs 
issuedso far. Analysis of ESPRs indicates 
�³�6�K�R�U�W�I�D�O�O�V�� �L�Q�� �6�X�S�H�U�Y�L�V�R�U�\�� �2�Y�H�U�V�L�J�K�W�´�� �D�V�� �R�Q�H 
of the major causes of Industrial & Fire Safety 
related events.  A case study on Supervisory 
Oversight is also described in this paper. 

Keywords: Experience Sharing, ESPRs, 
Dissemination of Information, Root Cause, 
Contributory Cause 

INTRODUCTION 

NPCIL has developed a programme for 
implementation of experience sharing in 
NPCIL plants as per Head Quarter Instruction 
HQI-0540 (R-2) [1]. This HQI provides 
guidelines for screening, review and analysis 
of experience gained from the operation of 
domestic and overseas Nuclear Power Plants. 
In line with this, Industrial & Fire Safety 
Group under Directorate of Health Safety and 
Environment developed a programme;namely 
�³�(�[�S�H�U�L�H�Q�F�H�� �6�K�D�U�L�Q�J�� �3�U�R�J�U�D�P�P�H�� ���(�6�3���´ for 

sharing of lessons learned from Industrial & 
Fire Safety related events.In this programme 
Industrial & Fire Safety related events are 
analysed to identify root cause and 
contributory causes.  Reports on the analysis 
are issued as Experience Sharing Programme 
Reports (ESPRs) with suggestions to prevent 
recurrence of events of similar kind. Since its 
inception in 2014, total 64 ESPRs have been 
issued. 

SOURCES OF INFORMATION 

Sources of information is very important for 
the success of an Experience Sharing 
Programme. Industrial & Fire Related event 
reports published at the web sites of WANO, 
COG, IAEA and some other major industries 
are used as the source of information.  The 
incidents might have occurred at domestic as 
well as overseas facilities. Event reports 
received from the above sources are screened 
at NPCIL Head Quarters for applicability in 
NPCIL units. Such reports are analysed and 
ESPRsare developed.Experience Sharing 
Programme Reports (ESPRs) are issued to all 
key positions at NPCIL Corporate Office, 
Operating Stations and Construction Projects. 
ESPRs are discussed in the safety committee 
meetings and utilised as case studies during 
Industrial & Fire Safety training programmes. 
ESPRs are uploaded in intranet web site also. 

  



FORMAT OF ESP REPORTS 

A unique format has been developed for the 
ESPRs. Following are the major headings of 
the ESPRs: 

�x Event Description 

�x Analysis 

�x Causes 

o Root Causes 

o Contributory Causes 

�x Consequences 

�x Lessons Learnt 

�x Suggestions 

�x Applicable legislations, Standards and 
Guides 

�x Review Team 

�x Contact e-mail address for feedback 

�x Website 

�x Distribution 

Figure given below depicts the typical format 
of ESPR.   

ANALSYSIS OF ESPRs 

Since the year 2014,total 64 ESPRs have been 
issued. Out of these,27 ESPRs are based on 
domestic events and 37 are based on overseas 
events.  

22% of the events deliberated under this 
programme were �³Falls from Height�´����
Percentage of other types of events discussed 
under this programme were; Equipment 
Failure (14%), Arc Flash and Electrical shock 
incidents (12%), Fire & Explosions (12%), 
Fall of Objects on Workers(9%), Accidents 
during material handling (8%), Unsafe Work 
Practice (5%) etc. Remaining types of events 
were less than 5% as shown in the figure 
below: 

The most important element of ESPRs are 
learning lessons. Each incident is critically 
examined to identify root causes, contributory 
causes and lessons learned. Suggestions to 
prevent occurrence of similar events are 
systematically identified and communicated to 
all key positions at NPCIL Corporate Office, 
Operating Stations and Construction 
Projects.Stations and Projects discuss 
thesereports in safety committee meetings and 
are included as case studies during Industrial 
& Fire Safety training programmes. Events 
due to Fall from Height are given below: 

Incident 
Date 

Country Incident 

22.10.2013 France Fall from height 
through an open 
grating in the fuel 
building as it left 
open after work.  

24.09.2013 USA Operator fell from 
approximately 12 feet 
from the 
ladder,resulting in 
injuries due to lack of 
JHA and poor 
supervisory 
oversight. 

21.11.2014 India Worker succumbs to 
injury due to falling 
from height due to 
unsafe access and 



Incident 
Date 

Country Incident 

absence of JHA. 

19.01.2014 Japan Fatality of contract 
employee due to fall 
from a tank of 10 m 
due to unsafe act and 
weakness in depart-
mental oversight. 

01.10.2014 UAE Loss time accident 
due to fall from 
height due to lackof 
supervision at the job 
site.  

12.05.2015 India Serious injury to 
worker due to fall 
during reinforcement 
beam construction. 

04.07.2013 Pakistan Maintenance worker 
succumbs to injuries 
due to fall from 
height through 
ventilation duct due 
to inadequate risk 
assessment. 

12.05.2016 UAE Injury and fatality of 
workers due to 
collapse of mobile 
crane boom. 

18.04.2017 India Fall of person from 
height with potential 
serious injury, due to 
heat stress. 

20.11.2016 UAE Fatality of worker 
due to fall from 
height at a 
construction site due 
to absence of fall 
protection. 

31.07.2006 India Fatality of worker due 
to fall from scaffold, 
as the scaffolding 
was not made as per 
standards.  

02.01.2006 India Fatality of worker due 
to fall from height 
because of sub-
standard ladders and 
lack of inspection 
programme.  

8.12.2015 India Fatality of worker due 
to fall from height 
due to improper 
imple-mentation of 

Incident 
Date 

Country Incident 

permit system and 
lack of supervision.  

22.10.2013 India Fatality of worker 
due to fall from tower 
crane, in which work 
was not carried out as 
per manufacture 
instructions.  

The major reasons of fall from height are: 

�x Unsafe Acts 

�x Unsafe Conditions 

�x Lack of JHA  

�x Shortfalls in Supervisory oversight.  

47 % of the fall from height events have 
occurred due to shortfalls in supervisory 
oversight.  Based on the insight from the 
ESPRs following counter measures are taken 
in NPCIL to address fall from height due to 
shortfalls in supervisory oversight: 

�x Guidelines on safe erection of scaffolding 
has been issued. 

�x Safety guide on works at height has been 
issued. 

�x Awareness programmes on works at 
height are organized. 

�x Persons working at 2.5 m above height are 
trained for working at height; including 
use of fall protection PPEs. 

�x Height passes are issued to the persons 
who are expected to work at 2.5 m and 
above after medical and physical 
examinations.  

�x Validity of height pass is 1 year, before 
which the individual has to get the height 
pass reissued after undergoing medical and 
physical examinations. 



�x Supervisory skill and competency 
development programmes are organised   

CASE STUDY ON SHORTFALLS IN 
SUPERVISORY OVERSIGHT 

A case study in which shortfalls in supervisory 
oversight function led to an industrial accident 
is described in this section: 

Event Description 

Construction of Emergency Power Supply 
Building was in progress at a power plant site. 
Debris of wooden planks and waste materials 
generated during the works were stored at the 
roof slab of the building. Removal of debris 
was being carried out by two contract workers. 
A temporary scaffold of about 11 m height 
was erected to reach the roof from the ground 
level. The scaffold had intermediate landing 
platforms at 1.4 m distance each. The access 
ladders, handrails and landing platforms of the 
scaffold were made up of 12 mm 
reinforcement rods.  

After starting debris removal work, one of the 
contract workers was coming down through 
the scaffold ladder to ground level for drinking 
water. While descending, at the 5thlanding of 
the scaffold at about 5.5 m height, he slipped 
and fell down through the gap between the 
landing platform and horizontal member of the 
scaffold, with his face down on the ground. He 
had cut injuries on his chin, lips, right eye 
brows and abrasion on his abdomen. He was 
conscious. He was given first-aid treatment 
and referred to a nearby hospital. Doctor 
examined him and further referred to a 
specialty hospital. On the way to the hospital, 
he became unconscious. At the hospital, doctor 
examine�G���D�Q�G���G�H�F�O�D�U�H�G���K�L�P���D�V���µ�E�U�R�X�J�K�W���G�H�D�G�¶����
The cause of death was abdominal injuries 

Event Analysis 

�x Gratings provided at the platforms were of 
about 27 cm width and were not sufficient 

to cover the openings. There were openings 
ranging from 40 cm to 120 cm on all sides 
of the scaffolding and each landing 
place;with fall potential. In addition, there 
was a gap of about 50 cm between wall and 
scaffolding. 

�x The temporary access tower did not meet 
the design requirements of Indian Standard 
IS-�����������R�Q���³�6�D�I�H�W�\���&�R�G�H���I�Rr Scaffolds and 
�/�D�G�G�H�U�V�´ 

�x The scaffold was installed about 9-10 
months back. Inspection and certification of 
scaffold structure were not carried out 
before use.  

�x Safety net was not provided to cover the 
gaps in scaffold to prevent fall of materials 
and persons. 

Root Cause 
Shortfalls in supervisory oversight with 
respect to scaffolding erection and 
certification; and enforcement of safety 
measures during its use attributed to 
followings reasons: 

�x Scaffold was not erected as per the design 
requirement given in IS-���������� �R�Q�� �³Safety 
�&�R�G�H���I�R�U���6�F�D�I�I�R�O�G�V���D�Q�G���/�D�G�G�H�U�V�´. 

�x Inspection and certification of scaffold 
structure were not carried out by the 
authorized agency before its use.  There 
were openings on all sides of the 
scaffolding and each landing place. 

�x Safety net was not provided to cover the 
gaps. 

�x Mid-rails and toe-boards were not 
provided for the scaffolds and platforms. 

Lessons Learnt 

�x Scaffolds should be erected as per the 
design requirements. 

Suggestions 

�x Scaffolds shall be erected as per IS-3696 
�R�Q���³�6�D�I�H�W�\���&�R�G�H���I�R�U���6�F�D�I�I�R�O�G�V���D�Q�G��Ladders 
[4]. 

�x Scaffolds shall be inspected, certified and 
tagged for safe use by the authorized 
agency before its use [2].  



�x Green tag shall be put on safe scaffolds 
and red tag shall be put on unsafe 
scaffolds [2].  

�x Scaffolds with expired dates shall not be 
used, unless inspected and recertified by 
the authorized agency [2]. 

�x Erected scaffolds should be inspected 
every 7 days to ensure that no parts are 
disturbed or damaged [2]. 

�x Scaffolds shall not be used unless the 
deficiencies are corrected and recertified 
by the authorized agency [2]. 

�x Width of landing mat or chequered plate 
or gratings shall be sufficient to cover the 
whole portion of the landing area, without 
leaving space for person or materials to 
pass through it [2]. 

�x Open sides of the scaffolding shall be 
barricaded with mid-rails and provided 
with toe-boards of 15 cm height [2] [3] 
[4]. 

�x Safety net shall be provided and wrapped 
on all sides of the scaffolding and firmly 
secured to prevent fall of persons and 
materials [2]. 

CONCLUSION: 

�x Experience Sharing Programme has been 
developed in NPCIL for the systematic 
review of national and international 
Industrial & Fire Safety related events.  

�x Lessons learned from this programme is 
used to strengthen Industrial & Fire 
Safetymeasures in NPCIL. 
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ABSTRACT 
This paper explains the root cause analysis of 
events for effective implementation of corrective 
measures done at madras atomic power station 
for different events occurred and reported 
through the mechanism of operation experience 
feedback with respect to industrial safety. 
 
Keywords 
Event Description-Root cause analysis-
Recommendations - Corrective actions- 
Conclusions. 
 
NOMENCLATURE  
Root cause analysis report 
 
INTRODUCTION 
Madras atomic power station is a constituent unit 
of nuclear power corporation of india limited, a 
public sector enterprise under department of 
atomic energy and is located at Kalpakkam. 
MAPS has structured methods to address the 
events and the reporting mechanisms. The 
following are the such mechanism prevails at 
MAPS. Low level event, Deficiency reporting 
system, near miss event, near miss accident, 
Safety related deficiency management system, 
Superintendent field rounds, job observation and 
material condition, Flash reports and Experience 
sharing program from head quarters Mumbai.  
This paper describes about the few events which 
are reported through the above mechanisms for 
which corrective measures are implemented for 
the prevention of recurrence of such events in 
future. 
 
BACKGROUND SECTIONS 
Event-1   
NMA No. : 01/2019 

Department Personal involved in  unloading the 
chlorine tonner from the truck with the help of 
forklift, one of the chlorine tonner accidently 
fallen down from the truck and rolled down on the 
road for around 3m and stopped by hitting 
against a trench. No one was injured by this 
incident and no damage to the chlorine tonner. 

 
This event has the potential to cause injury, losses 
and Chlorine release to atmosphere.  
The root cause analysis reveals that while 
unloading the chlorine tonners, the contractor 
was rolling the chlorine tonner to load on to 
forklift which is aligned to truck. Meanwhile 
forklift operator took reverse for giving way to 
other vehicle without informing the contractor. 
Since the truck was parked on slope, the rolling of 
the chlorine tonner could not be controlled by the 
persons and it fallen on the ground from the 
truck. This incident happened due to inadequate 
co-ordination and communication between the 
forklift operator and the persons on the truck. 
The following are the Corrective actions taken to 
prevent recurrence, 
1. The area was identified and marked for truck 

parking for loading and unloading of chlorine 
tonner.  
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2. Additional wooden stoppers are now used at 
the edge of the truck while unloading the chlorine 
tonner from truck. 
3. Road in front of chlorination plant is 
barricaded while loading / unloading the chlorine 
tonner to prevent other vehicular or personnel 
movement. 
4. The incident was discussed in SLSC.  
Event-2 
NMA No. : 02/2019   
The contract employee involved in wall repairing 
work at bubbler station felt mild electric shock 
sensation while working near MS roof structure. 
He immediately informed to supervisor and the 
work was suspended. 
The root cause analysis reveals that during wall 
repairing work near the tube light fitting, the 
contract worker touched the MS roof angle and 
the wet wall and felt mild electric shock sensation. 
The Loose wiring of the tube light fitting mounted 
on the MS roof structure caused the event due to 
the unsafe condition 
. 

 
 

The following are the Corrective actions taken to 
prevent recurrence, 
1 The wiring of the tube light fitting was tightened 
and properly insulated. 
2 The incident was discussed in SLSC 
 
Event-3 
NMA No. : 03/2019 
Department Personal involved in a work at Sea 
Water Pump Hose Basement area, for a newly 
installed screen wash pump strainer, a block of 
concrete of size 20 x 15 x 30 cm and weight 
approximately 1 kg parted off from the column 
and was about to fall, fortunately it rested on the 
wall. This has potential to result in personnel 
injuries. Crack in concrete due to sea water 
seepage and aging has resulted in unsafe 
condition. 

�
The root cause analysis reveals that, the pump 
house fore bay water level was maintaining very 
high which resulted in forced water seepage to 
basement through the wall. And the concrete 
column developed a crack and the progress of 
crack parted some portion of wall on the day of 
incident. The wetness was observed on the wall 
and column from where cracks were developed. 
The following are the Corrective actions taken to 
prevent recurrence, 
1. Re-concreting for the column, where the crack 

happened was done. 
2. Survey of Sea water pump house basement was 

carried out by CSM to identify and repair the 
cracks in the concrete wall / column. 

3. The incident was discussed in SLSC.  
 

Event-4 
NMA No. : 04/2019 
Department Personal involved in a work, Opposite 
to Relay Testing (RT) Lab, when he was walking in 
front of RT lab. a loose insulation cladding sheet 
suddenly flew from resin ejection room roof and 
fallen on ground few meters away. Fortunately no 
one got injured. This has potential to result in 
personnel injuries. 

 
The root cause analysis reveals that, The old 
aluminium sheet removed from steam line during 
biennial shutdown was left on the roof. On the 
day of incident due to high wind the aluminium 
sheet  flew and fallen on the walkway in front of 
the RT lab. 
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The following are the Corrective actions taken to 
prevent recurrence, 
1 The loose Aluminium cladding sheets were 

removed from the roof of RB#2 resin ejection 
room.�

2 The incident was discussed in SLSC. �
 
Event-5 
NMA No. : 05/2019 
Department Personal involved in a work for 
making up the Unit-1 DG #2 jacket water 
expansion tank level, hot DM water (around 50� C) 
overflowed from the chemical addition pipe and 
splashed on the operator and hindered valve 
closing, as it is located below the jacket water 
expansion tank.  

 
The root cause analysis reveals that,on the day of 
incident operator fully opened the makeup valve 
and  after  seeing  the  alarm in DG Panel, he 
proceeded for closing the valve. Meanwhile the  
tank started overflowing through the overflow 
line and chemical addition pipe and splashed on 
the operator. Controlled opening of the make-up 
valve could have eliminated the incident. 
The following are the Corrective actions taken to 
prevent recurrence, 
��  Marking / Painting was done on the DM water 

makeup valve for its controlled opening at all 
DGs.�

2. Operator aid was prepared and displayed in 
all DGs room. 

3. The incident was discussed in SLSC.  
 

 
Event-6 
NMA No. : 08/2019 

Department Personal involved in a work for Unit-
2 generator slip ring cleaning and  carbon brush 
replacement, the EM technician involved in the 
job struck against the speed measurement probe 
junction box and was about to fall. The 
contributory factors for this event was identified 
as The junction box was close to slip ring area 
(approximately 1m). 

 
The root cause analysis reveals that, Slip ring 
cleaning of generator is routine job every week.  
Technician  keeps on changing as per shift 
roaster. Due to space constrain the speed 
measuring probe junction box was fixed very near 
to generator which created very less clearance 
between junction box  and  generator  slips rings.�
The following are the Corrective actions taken to 
prevent recurrence, 
Relocation of Junction box is planned in U-2 
shutdown. 
 
Event-7 
NMA No. : 09/2019 

Department Personal while opening the door to  
collect  TLD  from TLD rack at Service Building 
entrance, the  electrical  engineer’s  right hand 
index finger got trapped in the crack developed in  
the aluminium frame of the glass door. The 
aluminum door crash bar type pulling handle got 
detached from its very right end which created a 
space between the handle and door frame. While 
opening the door the person’s right hand index  
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finger got trapped in the space generated due to 
crack. �

 
The root cause analysis reveals that, Due to 
improper repetitive opening and closing of the 
door  from  very  right end of the handle, the 
crash bar type  pulling handle got  detached from 
its right end, which created a space between the 
handle and the door frame. While opening the 
door the person’s right hand index finger got 
trapped in the space created due to crack. 
The following are the Corrective actions taken to 
prevent recurrence, 
1) The pull bar handle of the door was replaced 
with a new one. 
2) All such door shall be surveyed periodically for 
any deficiency and 
rectified. ECD: Continuous – Agency (CSM) 
 
Conclusion: 
MAPS is one of the oldest stations among the 
NPCIL units with the history of many 
achievements and set mile stones. At the same 
time committed to personal and equipment Safety. 
The safety awards vested to MAPS are the 
glimpses of our commitment. The methods and 
mechanisms structured at MAPS were very 
effective in identifying the unsafe conditions and 
unsafe acts and even minor issues are being 
addressed and communicated meticulously to the 
station personal and sharing this experience with 
other stations at large. NME or NMA is become 
one of the prime tool in preventing the major 
events at the station. These tools and mechanisms 
are very popular across the station personal. An 
endeavor towards event free safety goal is 
constantly perceived with the set mechanisms and 
relentless follow up helps MAPS to retain its 
presence of strong commitment.    
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Experience based perception survey study on safety in Nuclear Fuel Complex 
K.Mahesh, K.Mahesh Babu, V.V.Mahesh Kumar, I.Kiran Kumar,(Smt) Sheela 

Contact: mahesh90@nfc.gov.in, Safety Engineering Division, Nuclear Fuel complex, Hyderabad  

ABSTRACT:   

A perception survey is a useful tool in assessing employee�¶s perception based on their experience in the 
existing safety management system and as well as employee involvement level in the existing safety 
programme. It is a way of measuring the safety perception of quantitatively with reference to 
occupational health and safety issues to improve industrial safety culture. After an incident occurs, 
even if a perfect incident investigation is completed, perfect root causes are identified, and perfect 
action items are developed to ensure the incident does not happen again, no risk reduction occurs until 
the action items/recommendations are implemented. No risk reduction occurs until broad industrial 
and societal change in behaviour is accomplished. The study contains development of required 
methodology in the form of simple checklist and obtaining the response from the different levels of work 
force in the organisation. The responses need to be analysed for employee perceptions on safety. 
Finding the gap helps to take action for improving safety culture in the organization. This paper also 
providing the outcomes of perception survey carried out and then after analysed responses to know the 
action plans for improvement at work place. 

Key words: perception, survey, incident, safety culture 

INTRODUCTION:  
Nuclear Fuel Complex (NFC), was 

established in the year 1971 is a major industrial 
unit of Department of Atomic Energy, 
Government of India and playing a key role in 
the nuclear power programme and has been 
supplying natural and enriched Uranium Oxide 
fuels and Zirconium alloy core components for 
all NPCIL for operations. NFC the only facility 
in the world wherein under the same roof, both 
Uranium Oxide fuels and Zircaloy alloy 
components are fabricated starting from the 
basic raw materials. In addition, NFC has 
manufactured and supplied stainless steel core 
components for the Fast Reactor programme, 
Seamless alloy steel and Titanium tubes and 
other special high purity materials for both 
nuclear and non-nuclear applications.  

This paper contains development of 
strategic model of for carrying out the safety 
perception survey and the results of study 
carried out.  
Perception Survey  

The perception means the way 
something is understood by one. Perception 
surveys helps to identify gaps in the 
organizational culture, by utilising the 
experiences of employees participating in the 
survey. During this study a large sample of 
employees is asked to respond anonymously on 
their perception of how things really are.  

The implementation of a Safety 
Management System alone may not be fruitful 
to get the desired accident-free condition, and 
there may be some elements of safety that can 
only be managed through a process of building 
a 'safety culture' in the organisation. Safety 
perception surveys can give right direction 
towards achieving that goal. 

The Occupational Safety and Health 
Administration and Center for Chemical 
Process Safety developed process safety 
management plan and some of the elements are  

�x Safety culture  
�x Attitude towards Safety 
�x Workforce Involvement 
�x Management Commitment 
�x Management Leadership 
�x Risk Management 
�x Systems and Work Processes 
�x Accident Reporting and Investigation 
�x Emergency Preparedness 
�x Employee Training 
�x Supervisors' involvement 
�x Safety Inspection 
�x Employee Safety Concerns 
�x Environmental Commitment 
�x Equipment and Maintenance 
�x Individual and Teamwork 
�x Job Satisfaction 
�x Safety Promotion Campaigns 
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The survey could be carried out 
through questionnaire on several elements of 
safety.  
Perception of safety culture are measured 
because they are assumed to reflect 
organizational activities and policies on safety 
and to predict safety related behaviours, for 
example adhering to safety rules, raising safety 
concerns to management and reporting safety 
incidents.  
 It is not necessary that all elements to 
be taken for the survey, it can have a few 
important aspects depending on the operations 
in the industry.  
Development strategy of Safety Perception 
Survey  

A strategic model of for carrying out 
the perception survey on safety culture in the 
plant requires  
���� Prepare the organization 
���� Development of questionnaire  
���� Communicate  
���� Obtain the responses.  
���� Evaluation of responses  
���� Suggest suitable measures.  
���� Communicate the findings  
���� Develop and implement actions 
���� Capture lessons learned  
������ Conduct a follow-up  
General Survey Process: 

`  
Development of survey 
Prepare the organization 
The survey was conducted from the mechanical 
plants (Tube Fabrication plants) and Chemical 
plants and Combined assessment was made for 
overall NFC 
Development of target work group 
Generally, the perception survey will be carried 
all the employees in the organization. The 
organization contain different levels of 
employees, to get effective results, we have to 
categorise the employees. 

This categorization of the group is normally as 
follows: 
Category- 1. Senior level management 
Category- 2. Middle level management 
Category- 3. Lower level management 
Development of questionnaire  
The Perception Survey study on safety can be 
carried out through questionnaire on the key 
elements of safety. A self-assessment check list 
containing 18 points was prepared and 
circulated to employees for obtaining the 
response. The survey is mainly focused on the 
following elements to know the individual 
employee perceptions on   
�x Safety culture  
���� Discussion of safety problems in meeting 

help to make my work place safer. 
���� I never refrain from reporting unsafe 

incidents/events even under pressure from 
my co-workers. 

���� My superiors appreciate if I come forward 
with safety-related issues and their 
solutions. 

���� I accept that wearing PPE is essential for 
personal safety and work. 

���� I know my responsibility during an 
emergency in NFC. 

�x Management 
���� I accept that safety improvements are 

possible in the work and they are key to the 
successful safe operation. 

���� Good coordination between maintenance 
and productions is essential in matter 
related to safety. 

���� Management is serious about implementing 
the best safety practices to bring out 
changes in our plant. 

���� Safety is first and top most priority to the 
management. 

���� I have received training on how to do my 
job safely. 
 

�x Behaviour 
���� Working safely is more important than 

meeting deadlines. 
���� I will not perform assigned work/job unless 

I know it is safe procedure to carry out. 
���� I understand safety related issues in 

working place. 
���� I follow similar safety precautions at home 

as I do at work place  
���� I know how to report near misses/unsafe 

condition/unsafe acts. 

Prepare
Develop
ment of 
question

naire 

Obtain 
the 

response
s. 

Evaluatio
n the 

results

Summariz
e the 

findings

Communi
cate the 
findings 

Develop& 
impleme
nt actions

Capture 
lessons 
learnt 

Conduct 
a follow-

up 
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���� I know what to do if any 
accident/incident/unusual event occurs 

���� I have a legal obligation to work safely. 
���� I feel production in unsafe way is 

sometimes encouraged. 
Communicate  
The collection of responses in the plant is first 
activity. The purpose and need for obtaining 
response are communicated to the persons 
available in the particular time. 
Obtain the responses / Conduct the self-
assessment 
The response for the check list is in Likert scale 
only. It is the most widely used approach to 
scaling responses in survey, such that the term 
is often used interchangeably with rating scale 
with scoring of 5. 
The format of a typical five-level Likert item, is 
used: 

a) Strongly agree 
b) Agree 
c) Neither agree nor disagree or 

undecided 
d) Disagree 
e) Strongly disagree 

Analysis and Results  
Responses are then analysed and given with 
weighted average score of 5 for each question 
prepared for various sections. The results 
obtained are summarized for all sections and 
the same is represented in chart  

 
 

 

 

 
 

 
 
Observations: 

i. Average score for all questions is more 
than 4.6 excluding two considerable 
attentions belonging to the behaviour. 

ii. The process of obtaining response from 
the plants is first time and all 
employees belong to all plants have not 
responded. 

iii.  Some are not responded to all checklist 
points. Based on the individual belief, 
espoused values, employees have 
responded. 

iv. Response from all the employees 
should be collected for better analysis. 

 
 
Recommendations  
���� Safety training on safety culture shall be 

imparted to all employees periodically to 
improve the safety culture. 

���� Safety training on safe operating 
procedures related work / job also shall be 
given  

���� Safety training up on change of work 
locations (like change of machines, 
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process, safety related issues) shall be given 
before deploying them. 

���� Capturing of nearmisses, unsafe conditions, 
unsafe practices through anonymous 
intimation by employees either by through 
phone calls, sending letters without from 
address, suggestion boxes etc. The same to 
be communicated to all prominent 
locations. 
A mail safetyobservations@nfc.gov.in was 
prepared and implemented to capture the 
same. 

���� Encouragement of safety reporting culture 
by employees by individual recognition to 
be ensured. 

���� Employees shall be trained on Management 
latest decisions on safety and safety 
systems. 

���� Safety training on exclusively legal 
requirements applicable to plants shall be 
implemented periodically. 

���� Safety training on emergency preparedness 
in the unit and as well as work locations 
shall be given periodically. 

���� All employees accepted that wearing PPE 
is essential for personal safety and work. 
The same should be strictly ensured. 

������ Reassessment of safety culture check points 
shall be carried out for ensuring accuracy of 
results and to find out the effectiveness of 
safety improvements of safety culture. 

������ Development of check list based on the 
categories of persons based on involved in 
their work/job/post. The same shall be 
implemented in NFC. 

������ Periodical review of safety check list shall 
be done and the assessment shall be carried 
out for accuracy of results. 

Conclusion  
The perception survey study on 

safety was carried out by preparing a 
check list-based questioner and used the 
to assess the employee�¶s perception on 
safety by obtaining responses from the 
individual employees based on their 
experiences belong to the various sections 
of the Nuclear Fuel Complex. The average 
score for response of all the questions is 
more than 4.6 excluding two questions 
related to perception on behaviour. The 
perception survey study completed for in 
the unit is the first-time and assessment 
methodology has been carried out. A 
positive culture on safety of an individual 
by imparting periodical safety training, 

motivations, rewards and wards, 
management review and commitment etc 
has to be incorporated in the existing 
safety system. Cultivating safety culture is a 
continuous process to sustain a positive safety 
culture in an organization. Periodically 
assessment of the same shall be carried out. 
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��� Signal  flow from Remote Startup device (RSD) to  actuation  of  Powder  cylinder  is  
shown in Fig:

�



��� Remote Startup Devices (RSDs) are installed in field for operators to initiate powder  
fire-fighting when operator witness the fire condition. Actuation of one RSD is enough  
for starting powder fire-fighting in a zone. These RSDs are wired to input card (MSHS)  
in CMG (powder fire-fighting) controller and are installed in different places near to  
Entry/Exit doors in field. Actuation state of all four RSDs at the same time indicated  
some fault in input card (MSHS) as this card was taking input from Remote start-up  
devices.

��� Following activities were planned for identifying the fault:

�	 Examination of powder fire-fighting controller (10CMG24) and cards inside 
controller.

�	 Examining powder cylinders actuation to understand non-actuation of one 
cylinder.


	 Evaluation of diagnostics to indicate fault/trouble present in the system. 

��� The  powder fire-fighting  controller  10CMG24  was examined for any abnormalities.  
Temperature inside controller was found normal. Input card (MSHS) from controller  
was taken out for evaluation along with Processor card (MP) and Output cards (MVK,  
MUP). Processor and output cards were found normal but Input card (MSHS) was  
having suspected overheating of IC components. Fig: (Below) Failed MSHS card.

�



Fig: Failed MSHS card of 10CMG24

 ��	�����������	��	�����	������	$,.-�38	����������	��	��	������

Fig: 10CMG24 controller inside card arrangement

�



���  ��	�������	��	
��	
���
���	��	-6;6	����	��	��	�����	*�����

� .������	��	���������	�����	��	�����*�	����	 																									)	��	����	����	<	��=

� .������	��	���������	�����	��	�����	>
���>	���	>6����	�������>				)	��	����	����	3?	��

� ��������	���������	��������	��
��	
���	���	�������	
���	 												)	��	����	����	
?,,	�

										@�����	��	����������	�������	��	���	������	������

� �����	��	�������	����	 	 	)	���	����	����	+!?	�

� �����	��	�������	&���	
����	 	 	)	��	����	����	,!A	�

�  ���	*������	��������																																																																							)	?,,,,,	�����

� 6������	����	��	-6;6	����	 														)	���	����	����	$?		�����

									-6;6	����	���	��	�������	��	$,.-�38	����������	����	���	����	3,$,	���	���	��	���	
B��	����	��	�������	����	�������	��

����	��	3B!,+!3,$B!

��
 9C
��������	��	������	���������	����������

������	���������	���	���������	��	
�������	����	���	����������!	���	��������	���������	
����	��

��	����	���	������������	���*����	��	���	�������	��	-��	����	0)��4	���	���	��	
���	���	��������	��	-%�	0D��4	����!	
���	���	������	�������"	��	���	*�	�������	��	��	�� 	
���������	�����C	��	��������	*�����	0�����	9�	�������	
�����	��������4


/��
01��
������
�

� � ! " 2 3 4 5


6��
01��
������
���� � � � � � � � �

��0*�� �$� �$� �$!
��%�
6���

��%�
6���

��%�
6���

��%�
6���

��%�
6���

� � � � � � � � �

!�0*�" �$7 �$�8 �$�� �$��
��%�
6���

��%�
6���

��%�
6���

��%�
6���

� � � � � � � � �

2�0*�3 ��%�
6��� �$�5 �$�7

��%�
6���

��%�
6���

��%�
6���

��%�
6���

��%�
6���

� � � � � � � � �

4�0*�5 �$�2
��%�
6���

��%�
6��� �$�5 �$�7

��%�
6���

��%�
6���

��%�
6���

�
��*�
+,�

�
���

�




�
��*���

�
��
'����

���
+-�$
.,/!

��%�9���$��(	�����%��%�����:�(������:������.�
6����-��0*���0��$�;�
/�-����	��
0���%�%��

��
9�3	����	�������	����	����	���	���	��	-%�	��)$	:/	3	:�	��7	-��)��3	��	:�	
�����!

�����������
������ ��(�����:�	�����

��$�
$�:������.�
6��

01��������������<�

/��01����������

���-�
� �$� ��0*�� �
� �$� ��0*�� �
! �$! ��0*�� !
" �$7 !�0*�" �
2 �$�8 !�0*�" �
3 �$�� !�0*�" !
4 �$�� !�0*�" "
5 �$�5 2�0*�3 �
7 �$�7 2�0*�3 !
�8 �$�2 4�0*�5 �
�� �$�5 4�0*�5 "
�� �$�7 4�0*�5 2

=��������	�%	�&���%��%	�������	%	���.���������.������(�����:�	������	���8)
,�"

��� 9���������	��	���)���������	��	������	��������	$86�@,3EE,,F	09�$B4	�

������	��������	EE,,F	09�$B4	���	�����	���	��������	��	�����!	
��	����	� �������	�� 	
�������	�����	������	*�	������������	���*����	��	���	���	��	-%�	�������	��	?	: /	< 	
0D��4	����	-��	�������	��!+	0)��4!	6�����������	�������	��	�������	?	���	������� 	< 	
��	-%�	����	��	�������	��	�������	+	��	-��	����	�����	����	��������	��	���)������ ��� 	
��	���� 	��������!	;������"	�����	�������� 	����	���������� 	��������	���� ��	��������� 	
����	 �� 	����� 	�������� 	���	*���� 	�����&��	 ��� 	����� 	��������� 	������ ���! 	��������� 	�� 	
��������	9�$F	�����	���	�����	��	�������	?	:/	<	��	-%�	����!	������� ��	��	�������� 	
9�+	���	9�$$	�����	���	�����	��	�������	+	��	-��	����!	

������ 	 �� 	 ���� 	 
����� 	 �������� 	 ��� 	 ������� 	 ���� 	 ���������� 	 �� 	 �� ��*� 	 �������� 	GE! 	
.������	��*��	5/	���	�������	��	$,,���!	5��	�����	���	H?,	-I!	@��
	���� ������	��� 	
����	����	FI!	 ����	���	��	�*���������	�����!	�����	��������	���	���	������ �&����� 	
����������"	����	��������	EE,,F	09�$B4	���	������	���	���������	 �����	����	:
������� 	

�



����! 	 ��������� 	 ������� 	 ��� 	 ����)�������� 	 �� 	 ������ 	 &��� 	 ��� 	 ����� 	 ���� 	 .-� 	
���������� 	���	�������	���
��	��� 	���� 	�������� 	��� 	�������!	���	$3	�� ������� 	��	���� 	
&���	����	������������	����	GE	���!	6���������	���	����������	��	38�	� ��	�*������ 	
��	����������	��	���� 	��������	GE	���	������	���������!	��	������ ��	������	���	���)
���������	��	EE,,F	09�$B4	��������	��	3B!,+!3,$B	�����	*�	����*������!

���� 7���������	��������	��	6������

����� 	 �����&��� 	 ��� 	 -����� 	 ���������� 	 �� 	 �
�6" 	 �� 	 ��� 	 �*������ 	 ���� 	 ��� �� 	 ���� 	
������
������	��	����*���	���	��������	��	������!		:��	��	$3	���������	�� 	�	����"	���� 	
<	���	��	��������	�����	0�������4!	$$	���������	������	����	*���	��	 ��������	���������! 	
 �� 	 ���)�������� 	 �������� 	 ��� 	 ����� 	? 	 �������� 	 ��������� 	 ��� 	 �� 	 ������ 	 � �������� 	
0�/99�4! 	6��������" 	 ��� 	 ��������� 	 �� 	 ��� 	$$	 ��������� 	 ������ 	 ���� 	 *��� 	 ������ 	 �� 	
�������!

Fig: Screenshot of room where powder fire-fighting spray happened
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�'�L�V�K�D���$�F�K�D�U�\�D��
�6�D�I�H�W�\���2�I�I�L�F�H�U��

�1�X�F�O�H�D�U���)�X�H�O���&�R�P�S�O�H�[���. �R�W�D��
�G�L�V�K�D�#�Q�I�F���J�R�Y���L�Q��

�'�U�����0�����5 �D�M�D���6�K�D�N�H�U��
�6�X�S�H�U�L�Q�W�H�Q�G�L�Q�J���( �Q�J�L�Q�H�H�U��

�1�X�F�O�H�D�U���)�X�H�O���&�R�P�S�O�H�[���. �R�W�D��
�P�U�D�M�D�#�Q�I�F���J�R�Y���L�Q��

�3�����$ �����3�U�D�W�D�S��
�3�U�R�M�H�F�W���'�L�U�H�F�W�R�U��

�1�X�F�O�H�D�U���)�X�H�O���&�R�P�S�O�H�[���. �R�W�D��
�S�U�D�W�D�S�#�Q�I�F���J�R�Y���L�Q��
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�$�F�F�L�G�H�Q�W�V�� �D�U�H�� �W�K�H�� �W�R�S�P�R�V�W�� �D�P�R�Q�J�� �S�U�L�P�H��
�R�F�F�X�S�D�W�L�R�Q�D�O�� �V�D�I�H�W�\�� �D�Q�G�� �K�H�D�O�W�K�� �L�V�V�X�H�V���� �,�W�� �L�V��
�Q�H�F�H�V�V�D�U�\�� �W�R�� �H�Q�K�D�Q�F�H�� �T�X�D�O�L�W�\�� �R�I�� �O�H�D�U�Q�L�Q�J�� �I�U�R�P��
�D�F�F�L�G�H�Q�W�V�� �W�K�D�W�� �R�F�F�X�U�� �L�Q�� �G�D�\�� �W�R�� �G�D�\�� �Z�R�U�N�V�� �I�R�U��
�H�Q�K�D�Q�F�L�Q�J�� �V�D�I�H�W�\���� �,�W���L�V���X�Q�I�R�U�W�X�Q�D�W�H�� �W�R���Q�R�W�H���W�K�D�W��
�P�R�V�W���R�I�� �W�K�H���D�F�F�L�G�H�Q�W�V�� �D�Q�G���Q�H�D�U�� �P�L�V�V�H�V�� �D�U�H�� �V�W�L�O�O��
�Q�R�W�� �U�H�S�R�U�W�H�G�� �Z�L�W�K�L�Q�� �R�U�J�D�Q�L�V�D�W�L�R�Q�V���� �$�F�F�L�G�H�Q�W�V��
�F�D�Q�� �E�H�� �S�U�H�Y�H�Q�W�H�G�� �Z�L�W�K�� �H�I�I�R�U�W�V�� �P�D�G�H�� �W�R��
�X�Q�G�H�U�V�W�D�Q�G�� �W�K�H�� �U�H�D�V�R�Q�V�� �I�R�U�� �W�K�H�L�U�� �R�F�F�X�U�U�H�Q�F�H����
�8�Q�G�H�U�V�W�D�Q�G�L�Q�J�� �D�O�O�� �W�K�H�V�H�� �L�V�� �R�Q�O�\�� �S�R�V�V�L�E�O�H��
�W�K�U�R�X�J�K���J�R�R�G���L�Q�Y�H�V�W�L�J�D�W�L�R�Q���D�Q�G���D�Q�D�O�\�V�L�V�����*�R�R�G��
�D�F�F�L�G�H�Q�W�� �L�Q�Y�H�V�W�L�J�D�W�L�R�Q�V���� �U�H�F�R�P�P�H�Q�G�D�W�L�R�Q�V�� �D�Q�G��
�U�H�S�R�U�W�V�� �D�U�H�� �H�V�V�H�Q�W�L�D�O�� �I�R�U�� �D�O�O�� �R�U�J�D�Q�L�V�D�W�L�R�Q�V�� �W�R��
�O�H�D�U�Q�� �I�U�R�P�� �R�S�H�U�D�W�L�R�Q�D�O�� �H�[�S�H�U�L�H�Q�F�H�� �D�Q�G�� �W�R�� �J�D�L�Q��
�G�H�H�S�H�U���L�Q�V�L�J�K�W�V���D�E�R�X�W���J�D�S�V���L�Q���K�H�D�O�W�K���D�Q�G���V�D�I�H�W�\��
�P�D�Q�D�J�H�P�H�Q�W���V�\�V�W�H�P�V���D�Q�G���F�X�O�W�X�U�H����

�. �H�\�Z�R�U�G�V����
�$ �F�F�L�G�H�Q�W���� �R�U�J�D�Q�L�V�D�W�L�R�Q���� �O�H�D�U�Q�L�Q�J���� �L�Q�Y�H�V�W�L�J�D�W�L�R�Q����
�V�D�I�H�W�\��
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�$ �W�� �Z�R�U�N���� �H�[�S�H�U�L�H�Q�F�H�V�� �G�H�I�L�Q�H�� �W�K�H�� �Z�D�\�� �W�R��
�D�S�S�U�R�D�F�K�� �F�H�U�W�D�L�Q�� �S�U�R�M�H�F�W�V�� �R�U�� �W�D�V�N�V����
�2�U�J�D�Q�L�]�D�W�L�R�Q�V�� �W�K�D�W�� �X�Q�G�H�U�V�W�D�Q�G�� �W�K�L�V�� �K�X�P�D�Q��
�W�H�Q�G�H�Q�F�\�� �D�U�H�� �D�E�O�H�� �W�R�� �O�H�Y�H�U�D�J�H�� �W�K�D�W�� �O�H�D�U�Q�L�Q�J��
�F�R�Q�V�W�U�X�F�W�L�Y�H�O�\�� �W�R�� �E�H�Q�H�I�L�W�� �R�W�K�H�U�V���� �7�K�R�V�H�� �W�K�D�W��
�G�R�Q�¶�W�� �V�X�I�I�H�U�� �W�K�H�� �F�R�Q�V�H�T�X�H�Q�F�H�V�� �D�Q�G�� �F�R�P�P�R�Q�O�\��
�K�D�Y�H�� �S�R�F�N�H�W�V�� �R�I�� �E�H�V�W�� �D�Q�G�� �Z�R�U�V�W�� �S�U�D�F�W�L�F�H�V�� �W�K�D�W��
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�7�K�H�� �D�X�W�K�R�U�V�� �Z�L�V�K�� �W�R�� �D�F�N�Q�R�Z�O�H�G�J�H�� �6�K�U�L�� �9 ���9 ����
�0�D�K�H�V�K�� �. �X�P�D�U���� �6�U���� �'�*�0�� ���6�(�'���� �1�)�&������ �6�K�U�L��
�5���6���. �X�O�N�D�U�Q�L���� �*�0�� ���1�)�&���. �R�W�D���� �D�Q�G�� �6�K�U�L�� �&����
�3�K�D�Q�L�� �%�D�E�X���� �'�&�(�� ���1�)�&���. �R�W�D���� �I�R�U�� �W�K�H�� �V�X�S�S�R�U�W��
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�E�U�L�Q�J�L�Q�J���R�X�W���W�K�L�V���S�D�S�H�U������
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�x�� �µ�/ �H�D�U�Q�L�Q�J���I�U�R�P���D�F�F�L�G�H�Q�W�V�¶���E�\���7�U�H�Y�R�U���. �O�H�W�]����
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�x�� �µ�0�R�G�H�U�Q�� �D�F�F�L�G�H�Q�W�� �L�Q�Y�H�V�W�L�J�D�W�L�R�Q�� �D�Q�G��
�D�Q�D�O�\�V�L�V�¶���E�\���7�H�G���6�����)�H�U�U�\����������������

�x�� �µ�/ �H�D�U�Q�L�Q�J���K�R�Z���W�R���O�H�D�U�Q���I�U�R�P���D�F�F�L�G�H�Q�W�V�¶���E�\��
�5�R�\�D�O�� �6�R�F�L�H�W�\�� �I�R�U�� �W�K�H�� �3�U�H�Y�H�Q�W�L�R�Q�� �R�I��
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ABSTRACT 

The fast breeder reactor technology is a second- 
generation nuclear power programme of India. 
Prototype Fast Breeder Reactor (PFBR) is a 500 
MWe sodium-cooled pool type plant being set up 
at Kalpakkam. Being a sodium-cooled nuclear 
reactor, the instrumentation plays a major role 
in the safe operation of the reactor. The 
instrumentation & control systems have to 
ensure robustness, availability and reliability. 
Being the first of its kind and total indigenous in 
design, the work experience in field and the 
safety requirements were also very much unique. 
The confined areas, the over-dimensional 
components, lack of approachability, use of 
sodium etc. were all the major challenges in 
erection and commissioning of I&C equipment. 
These were all properly studied and 
arrangements were made to overcome these 
difficulties and make the environment safe and 
comfortable. 
 
Keywords: field erection, safety challenges, 
safety preventive measures.   

 
INTRODUCTION 

The fast breeder reactor technology is a second- 
generation nuclear power programme of India. 
Prototype Fast Breeder Reactor (PFBR) is 500 
MWe sodium-cooled pool-type plant being set 
up at Kalpakkam. Mixed oxide of uranium and 
plutonium is used as fuel and depleted uranium 
is used as a blanket. This reactor works on a fast 
neutron spectrum and is capable of breeding its 
fuel from the blanket. Instrumentation plays a 
major role as it acts as the eyes and ears of the 
operator who controls the reactor from the 
control room. Being a sodium cooled reactor, 
the quantum of instrumentation is huge. The 
erection and commissioning phase of 

instrumentation and control has been a 
challenging activity. The instruments were to be 
erected in inaccessible locations, at high 
elevations, confined areas, high-temperature 
sodium pipelines and components. This paper 
discusses some of the cases and the safety 
challenges faced by I&C team and the safety 
measures adopted to overcome them. 

 
ROLE OF INSTRUMENTATION IN PFBR  

Major functions of I&C systems are to monitor, 
control and protect the plant. In any non-
nuclear power plant, conventional instruments 
like thermocouples, Resistance RTDs, pressure, 
level and flow instruments are used to measure 
and control process parameters like 
temperature, pressure, level,  flow etc., In 
Nuclear Power Plants (NPP) in addition to 
these, special instruments are used to  monitor 
neutron flux and radiation levels etc. Further 
I&C provided for post-shutdown monitoring, 
isolation of reactor containment building during 
accident conditions and post-accident 
monitoring plays critical roles in nuclear power 
plants. In fast reactors, the core not being in the 
most reactive configuration, fast response for 
reactivity, core temperature measurement and 
failed fuel detection are very crucial. The 
instrumentation for sodium level, flow, leak 
detection from capacities and pipelines and for 
detection of water & steam leak in the steam 
generators (SG) are very specific to fast 
reactors. 

Signals acquired from sensors are conditioned, 
processed and presented to the operator for 
smooth running during normal operation as well 
as to protect the plant during design basis 
events. 
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CONFINED SPACE WORKS 

Stainless Steel Sheathed MI cable laying at 
Argon Buffer Tanks (ABT):  

Nature of Work: 
There are four number of Argon Buffer Tanks 
(5m (D) * 10m (H)) which are used to fill and 
drain sodium in the Main vessel. The cell starts 
from 12000m El and ends at 30000M El. These 
tanks are located at 18m below the ground level. 
Each Tank contains 140T of sodium and Argon 
is used as a cover gas. Surface thermocouple, 
leak detectors (WTLD, MILD, SPLD), level 
probes are provided on the tank at various 
elevations and had to be routed outside the 
operating area where it needs to be glanded and 
terminated. As the high temperature is expected 
in these areas, Mineral insulated (MI) cables 
are used for routing the signals.  

The works involved are shifting 200 numbers of 
75m, 85m, 95m length prefabricated MI cables 
to the bottom of the cell through monkey ladder, 
Identification of existing thermocouples and leak 
detectors on the Surface of Argon Buffer Tanks, 
Field survey for laying and routing through 
Cable trays & Complementary Shield Boxes, 
Laying 12km of MI Cables inside the cell, 
connecting the same with thermocouple mating 
connectors, clamping the cables on the ABT 
surface and along the cable trays, glanding the 
cables in Junction Boxes, checking the 
insulation resistance and continuity before and 
after cable laying. 
 

 
Fig. 1 View of ABT 

Safety Challenges: 
Around 200 thermocouple, leak detectors, level 
probe  signals had to be routed out from the cell 
area to the accessible location. 200 numbers of 

75m, 85m, 95m (Total approx., 12000m) length 
prefabricated SS sheathed MI cables which are 
not flexible and had to be shifted to the bottom 
of the cell through monkey ladder. MI cable 
bending and maintaining the bending radius and 
routing the same on the cable trays located on 
various heights, clamping and routing through 
cable trays, cable tray raisers and CSBs without 
compromising the bending radius was 
challenging. Since the volume of the confined 
cell is more, the oxygen level was low and 
illumination was also not sufficient to take up 
the job. Communication inside different floors 
and elevations while laying cables from the top 
of the tank and bottom of the cell floor & 
checking the continuity was very tough. During 
the execution of this job, People had to 
frequently climb up and down through the 
narrow passage. 

Safety measures taken to overcome the above 
challenges: 

Job hazard analysis was done before taking up 
the job. The pre-job briefing was given to the 
personnel engaged for the job while starting. 
The confined space work permit was taken 
before starting the work. As part of the same, 
proper ventilation was provided by arranging 
blowers and exhaust fan and maintained the 
required oxygen level. 

The height work permit was obtained and the 
personnel with valid height pass were only 
engaged for this job. Proper scaffolding was 
arranged to access the instruments located on 
the outer circumference of the tank and cable 
trays. 

Cables were properly segregated and shifted in 
batches manually through the monkey ladders. 
Proper tools were used for bending the cables as 
per the bending radius and routed on the cable 
trays. 

Proper communication was arranged inside the 
cell at three levels. A signalman was positioned 
at the cell entry with rescue rope to handle an 
emergency. Adequate Lighting was arranged at 
the bottom of the Cell  and top of the tank to have 
good illumination. Adequate potable lamps were 
also arranged wherever temporary lighting 
poles could not be mounted. 
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 All safety gadgets like safety helmets, Safety 
shoes, Cotton gloves, nose masks, and safety 
belts were used. 

 Fuel Transfer Cell:  
 

Nature of Work:  
Fuel transfer cell (FTC) serves as an inert, 
shielded and leak-tight transit cell during the 
transfer of fresh / spent subassemblies into/out 
of the reactor. This cell accommodates two Cell 
Transfer Machines. These machines handle both 
fresh fuel into the reactor and spent fuel outside 
the reactor. The Cell Transfer Machine is crane 
type machine erected at a height of 20m from 
floor elevation inside fuel transfer cell of 31m 
length and 3.5m width. Both the machines are 
operated from a handling control room. Hence 
instrumentation places a major role in operating 
these machines. This cell also consists of oxygen 
analysers, hydrogen analysers and RTDs for 
area monitoring. The Instruments were erected 
on the machine and cables were laid for these 
instruments.  

 
Fig.2 View of FTC 

 

Safety Challenges: 
The FTC cell area is a Confined space. Access 
to this cell is through a manhole opening. All the 
instruments to be erected in this area were 
located at different elevations of the machine. So 
bringing in any support structure for erection 
was very difficult.  

Illumination in the area was not enough for 
precision jobs like instrument tuning. At the top 
of the cell, access to the junction boxes on the 
machine located inside the cell at 20m height. 

Safety measures taken to overcome the above 
challenges: 
The cell has a provision of both the ventilation 
system and the nitrogen filling system. The 
ventilation system was ensured to be in service 
and the required oxygen level was maintained 
before taking up any job inside the cell.  

Clear Safety instructions were given to the 
personnel engaged for the job.  
The height work permit was obtained and the 
personnel with valid height pass were only 
engaged for this job and were allowed to work 
on the machine.   

Proper communication such as walkie - talkie 
was arranged while tuning the instruments and 
cable continuity checking. A signalman was 
positioned with the entry/exit register at the cell 
entry. It was ensured that the required  safety 
gadgets like safety helmets, Safety shoes, Cotton 
gloves, Nose masks, and Safety belts were used 
while execution of the job.   

WORKING IN HIGH-TEMPERATURE 
PIPELINES  

Strain gauge installation in sodium pipelines 
(hot work): 
Nature of Work:  

During the operation of the Secondary Sodium 
Pump in Steam Generator Building (SGB), it 
was required to measure the strain at various 
locations of the sodium pipelines to find out the 
stresses developed in the sodium pipelines. 
High-temperature weldable type strain gauges 
were spot welded on the surface of the sodium 
pipelines at the suction, discharge lines of 
Secondary Sodium Pump and sodium pipelines. 
Strains were recorded at various pump speeds 
and various temperature of sodium pipelines. 

               Fig. 3 Strain gauge fixed on SSP 
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Safety Challenges: 

Removal of cladding sheet and glass wool 
(insulation material) at the required location, 
marking exact location on the pipeline, surface 
preparation were very challenging since the 
pipelines were at a temperature of 200°C. Spot 
welding the delegate thin strain gauge on the hot 
curved surface without any support was very 
difficult. 

Since the locations were surrounded by sodium 
pipeline and sodium components and at various 
elevations which were too at high temperature 
and most congested, approach to various 
locations was very difficult.  All along secondary 
sodium pipelines, leak collection trays were 
there. The distance between the leak collection 
trays and the sodium pipelines was very less. 
Strain gauges had to be fixed at 0°, 90°, 180°, 
and 270° along the axis of the pipelines. The 
approach to the bottom surface was very 
difficult because of leak collection trays.  

The secondary sodium pump was running and 
sodium was under circulation in the loop. Area 
temperature was very high at 22.5m El. and 
working in such an environment was very 
challenging.  

Safety measures taken to overcome the above 
challenges: 

Clear Safety instructions were given to the 
personnel engaged for the job. 

Access to the location was made through 
temporary platforms, scaffolding, and ladder.  
Hot work permit & Height work permits were 
obtained and the personnel with valid height 
pass were only engaged for this job. 

The personnel used Kevlar aprons, gloves, 
safety harness, nose mask, and face shield to 
avoid touching the hot surface. More than one 
team was working so that the persons working 
can take adequate rest. It was ensured that the 
person working were adequately hydrated. 

 It was ensured that the required safety gadgets 
like safety helmets, Safety shoes, Cotton gloves, 
Nose masks, and Safety belts were used while 
execution of the job. 

 
 
 
 

Performance testing of sodium aerosol detector 
(SAD) testing: 
Nature of Work:  

SAD works on the principle of the ionization of 
sodium at the detector in the sample gas drawn 
�I�U�R�P�� �W�K�H�� �D�U�H�D�� �E�H�L�Q�J�� �P�R�Q�L�W�R�U�H�G���� �7�Z�R�� �6�$�'�¶�V�� �S�H�U��
SGB floor are to be installed to cover all the 
secondary sodium piping, valves, tanks, and 
other components to work as the area monitor. 
Before taking up installation, a mock-up study 
was conducted with the sampling tubes installed 
on one half of the SGB 45m EL and the 
instrument along with electronics was installed. 
Background aerosol level was measured and 
sodium was burnt and the detector response was 
demonstrated. 

Safety Challenges: 

Sodium is an alkali metal that will violently 
react with moist air. Hence, simulating sodium 
leak in a controlled way to produce sodium 
aerosols for testing was a challenge. It required 
highly skilled personnel to carry out the job.  

The location was selected in such a way that the 
simulated aerosols have to reach fluted pipelines 
and ultimately to the instrument. Since it was a 
mock-up, the instrument and the electronics 
were kept on the same elevation where the 
sodium burning activity was planned for ease of 
witnessing the response of the sensor.  

Sodium fumes if inhaled are hazardous to 
humans if they are happened to inhale. Hence, 
handling sodium itself is a challenging activity. 

Safety measures taken to overcome the above 
challenges: 

Job hazard analysis was done before taking up 
the job. The pre-job briefing was given to the 
personnel engaged for the job while starting. 
The trained personnel experienced in handling 
sodium were only allowed to handle.  Nose mask 
was issued to all the people working in the area. 
Minimum number of personnel were only 
allowed for testing. 

DCP loose powders were kept with shovel 
arrangement to handle emergency conditions if 
arises. 

Emergency lights were provided for supporting 
the activity. The first aid center was informed 
about the testing for preparedness.  
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It was ensured that the required safety gadgets 
like safety helmets, Safety shoes, Cotton gloves, 
Nose masks were used while execution of the 
job. 

WORK AT HEIGHT  
 Instrumentation of transfer arm: 
Nature of Work:  

The transfer arm is a fuel handling machine 
located on the reactor to pick the fuel directly 
from the core. This machine is 15.9m long 
structure support on reactor top. Transfer arm is 
provided with diverse continuous position-
monitoring systems for sensing the position for 
the gripper hoist, guide tube hoist, and top 
structure rotation. Synchros are provided as the 
primary sensing system for all the three drives 
and draw-wire type potentiometers are provided 
for gripper hoist and guide tube and an optical 
encoder is provided for top structure rotation 
angle measurement to meet single failure 
criterion. Besides, discrete positions of the 
gripper hoist, guide tube, top structure rotation, 
and gripper fingers are detected using 
redundant limit switches. LVDT (Linear 
Variable Differential Transformer) is used for 
indicating the gripper finger movement 
continuously. The speed of gripper hoist is also 
measured to detect the overhauling of gripper 
hoist.  

 
                        Fig.4 Transfer Arm 
Safety Challenges: 

Since the machine is of 15.9m height, the 
required instruments were spread all over the 
height. The approach to the instruments on the 
machine was very challenging. There was a 
platform around the machine to approach the 
various heights.  Because of the height, the 

machine and the platform, have a slight 
swinging movement with height. The approach 
to the machine through the platform and 
working continuously for cable routing, 
termination on the junction boxes and with the 
instruments, continuity checking, tuning the 
instruments precisely concerning to the machine 
movement was very challenging. 

Safety measures taken to overcome the above 
challenges: 
Job hazard analysis was done before taking up 
the job. The pre-job briefing was given to the 
personnel engaged for the job while starting. 
All the maximum possible preparatory works 
like ferruling, tying cable tags were done at the 
ground itself so that at height time spent at 
height was saved. So, proper scheduling and 
planning of the various jobs were done well 
before the starting of the job. 

The height work permit was obtained and the 
personnel with valid height pass and medically 
fit were only allowed to work on the machine.   
Since the platform was swinging, a maximum of 
three persons was only allowed to climb on the 
platform and approach to the machine.  

While working, it was ensured that the persons 
were wearing safety belts. The persons were not 
allowed to lean and work. With the safety belt 
position, whatever locations, the persons were 
able to safely move was only approached.  

The personnel were allowed to take proper rest 
after completing long hours jobs on the 
machine. 
It was ensured that the required safety gadgets 
like safety helmets, Safety shoes, and Cotton 
gloves were used while doing the job. 

 The vertical roller stretcher was made 
available. Proper access was also made to 
handle the emergency if arises. 

Instrumentation of cell transfer machine: 
Nature of Work:  

The Cell Transfer Machine (CTM) is a crane 
type machine erected at a height of 20m from 
floor elevation inside Fuel Transfer Cell (FTC) 
of 31m length and 3.5m width. This cell 
accommodates two such machines. These 
machines handle both fresh fuel into the reactor 
and spent fuel outside the reactor. Both the 
machines are operated from a handling control 
room. Hence instrumentation places a major 
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role in operating these machines. All the 
instruments like potentiometers, limit switches, 
reed switches, ultrasonic sensors are all 
mounted on the machines.  The cables also 
consists of four levels of junction boxes which 
route through cable drag chains.       

 
Fig. 5 View of CTM 

Safety Challenges: 

The machine is at a height of 20m from ground 
level. The only approach to these machines is a 
narrow platform of width 750mm which runs 
throughout the cell on both sides for 31 m at a 
height of 15m. A person to work on the machine 
has to climb the machine from one end of the 
cell to the platform and walk on the platform up 
to the machine then climb on the machine. It is 
also inside a confined area. The erection and 
tuning of these instruments were too tedious as a 
person has to sit on the machine for 8 hours a 
day minimum and work for cable laying and 
termination. No platform was there on the 
machine to support working on the platform. 
During the tuning of the potentiometers and 
limit switches, a person has to be on the 
machine while operating the machine. The 
erection and commissioning phase of this 
machine was a safety challenge because of its 
location and difficulty in access. 

Safety measures taken to overcome the above 
challenges: 

An adjustable platform over the CTM was made 
to meet the location of entry port and gripper 
location as well as the parking position of the 
CTM. A handrail was provided throughout the 
length of the FTC. The persons were trained to 
move on the platform with safety belts 
connected.  

The personnel was allowed after obtaining 
height pass. A height work permit is obtained 

before the start of the work.  Continuous 
supervision is ensured. Multiple crews were 
deployed for this work. 

As these machines are located inside the FTC 
cell, the oxygen level at the machine location 
was also ensured to be proper. It was ensured 
that the required safety gadgets like safety 
helmets, Safety shoes, and Cotton gloves were 
used while doing the job. 

Trailing cable system: 
Nature of Work:  

The trailing cable system is a cabling system 
that is used to route the signals in a rotary 
system to a stationary position. In PFBR, we 
have two plugs eccentric to each other placed at 
the center of the reactor top. These are rotated 
to different angles to align to a fuel sub-
assembly and pick it from the core. The cables 
are routed through the post to the platform at 
the top at 20m height. A total of 18 nos of 
multicore cables are routed through this post. 

 
Fig. 6 Trailing Cable 

Safety Challenges: 

The platform structure is a cantilever 
arrangement connecting the trailing cable post 
to the permanent structure (top of a cell area). 
Because of the cantilever arrangement, any 
movement on the platform causes shaking and 
could be used only to pull the cable to the other 
end of the platform. The location at the top had 
to be approached only by a cage supported by 
the crane. The cable had to be routed through 
10 discs in the chain assembly of the trailing 
cable system from the cage. All this was done at 
a height of 25m. 

Safety measures taken to overcome the above 
challenges: 

Height work permit was obtained and the 
personnel with valid height pass and medically 
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fit were only allowed to work on this job. Clear 
Safety instructions were given.  

It was ensured that the load test was done for 
the cage before using it for an erection job. It 
was also ensured that the crane is load tested 
before taking up the work.  
Only one (lean) person was allowed to walk on 
the platform connecting trailing cable post to the 
cell area for cable pulling. It was also ensured 
that this person uses safety belts while doing this 
job. Also, it was ensured that proper rest was 
given to this person.  

To save time during height works, all the cable 
lengths were measured and cables were cut and 
made ready well in advance. Three separate 
teams were formed for moving the cable to the 
top, laying of the cables on the platform and 
through the chain assembly, and third-team for 
pulling the cables through the post to the bottom 
of the post.  

It was ensured that the required safety gadgets 
like safety helmets, Safety shoes, and Cotton 
gloves were used while doing the job. 
Continuous supervision was ensured. 

ERECTION OF SODIUM INSTRUMENTS 
IN SODIUM TANKS AND SODIUM 
PIPELINES: 
Nature of Work:  

Sodium being a highly unstable alkali metal, it 
reacts with air rigorously in a molten condition. 
Hence, identification of sodium leak is a major 
task and special instruments have being 
designed for this. These special sodium 
instruments were developed by the designers for 
sodium leak, level, and flow measurement. The 
leak detectors have to be installed at the bottom 
of the dished end of the tanks and the level 
probes were to be installed on the sodium 
capacities like tanks. 

The level probe is a slender component that has 
1mm diameter MI cable and was wound over the 
bobbin for the height of 10meters. This is very 
delicate and if it hits somewhere will damage the 
probe which cannot be used afterward. 
 

 
Fig. 7 Level probe erection 

 
Safety Challenges: 

Handling slender 10mprobe inside the cell area 
was a challenging job. Cutting the nozzle when 
sodium is inside the tank in the frozen condition 
was very difficult. Welding the pocket with the 
nozzle and erecting the probe on the pocket was 
very tough. The tank can be approached from 
the top where two floors were to be opened 
which were closed with the hatched block. The 
removal of 2-3 tonnes of hatch block with hydra 
was a challenging activity. The opening of the 
two floors should match with the tank top which 
was not matching with some tanks.  

Holding the level probes at various heights 
needed more manpower and to ensure the level 
probe is hitting somewhere was the challenging 
job. Argon purging needs to be given while 
welding the pocket with the nozzle. Hence, 
Maintaining oxygen level, illumination level, 
The cells were confined areas and illumination 
was not enough for instrument erection and 
cable laying works.  

Safety measures taken to overcome the above 
challenges: 

It was ensured that Hydra & crane and other 
lifting tools were load-tested before deploying 
the same for executing the job.  

The confined space work permit was taken 
before starting the work. As part of the same, 
proper ventilation was provided by arranging 
blowers and exhaust fan and maintained the 
required oxygen level. Hot work permit & 
Height work permit were obtained and the 
personnel with valid height pass were only 
engaged for this job. 

Proper communication was arranged 
(Signalman) with rescue rope in case of any 
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emergency. Adequate Lighting was arranged in 
the Cell to achieve good illuminations required 
or the erection job. Extra lights were arranged 
in the various region to support precision jobs.  

The level probe was lifted with the help of a 25T 
EOT crane with two ropes tied on it. It was held 
by two persons, each floor persons were 
deployed and another person was standing over 
the tank and ensured that the level probe was 
handled safely, and installed inside the tank.  

It was ensured that the required  safety gadgets 
like safety helmets, Face Shield, Safety shoes, 
Cotton gloves, Nose masks and Safety belts were 
used while execution of the job. 

 
CONCLUSION:  

The fast breeder reactor being the first-ever in 
India with total indigenous design, most of the 
instrumentation has also been specifically 
designed for this. Mainly those which are used 
for the sodium systems. The instrumentation 
erection and commissioning had been a huge 
challenge and had allowed us to learn from the 
various difficulties faced and the measures to 
overcome them. Safety is a global aspect that 
every field of work should follow. That too in the 
instrumentation of a more mechanical plant, the 
safety precautions taken are equal to those that 
need to be taken for mechanical works.  
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ABSTRACT: Reprocessing forms an integral part of the Indian Nuclear Energy Programme .To 
ensure long term energy security ,close fuel cycle is required for us.  By reprocessing and recycling of 
Uranium and Plutonium optimum resource utilization can be achieved. Demonstration Fast Reactor 
Fuel Reprocessing Plant (DFRP) which is under advanced stage of  commissioning and construction  
has been  designed to receive and process spent fuel (Carbide and Oxide) discharged from Fast 
Breeder Test Reactor (FBTR) on regular basis and to demonstrate the reprocessing of spent fuel  
discharged from Prototype Fast Breeder Reactor (PFBR). In this paper we will discuss Industrial 
Safety enhancements in DFRP. 
 
Key words: DFRP, industrial safety, safety culture, construction site

INTRODUCTION: 

The success of Fast Breeder Reactor technology 
of the Indian nuclear program depends on the 
reprocessing of irradiated fuels with a high burn 
up of over 100 GWd/t after short cooling 
(typically about 6-12 months).  The technology of 
reprocessing fast reactor fuel has been being 
established in four phases. DFRP which is the 
third phase of reprocessing fast reactor fuel has 
been established to gain experience in the 
reprocessing of fast reactor fuel with high 
availability factors and plant throughput. In-
service inspection techniques for critical 
equipments like dissolver and underground waste 
storage tanks, on line monitoring of raffinate and 
product streams etc would also be demonstrated 
in this plant 

INDUSTRIAL SAFETY ENHANCEMENTS IN 
DFRP  

Safety Policy 
Zero Accident is our goal. In this regard, Project 
management has developed a health and safety 
policy for conveying its commitment and intent of 
the organization towards the health and safety 
policy. The safety policy signed by the Group 
Director is displayed at the entrance of the 
building and other conspicuous place. 

 

 

 

Safety Organization  

A well established safety organization is one of 
the crucial elements of any Safety Management. 
Our organization structure consists of, Centre  
Director forming the Chief followed by the Group 
Director (RpG). Under him comes Head IFSS 
followed by Safety officer and Engineers. 

Safety Culture 

Life is precious, whether that of our employees or 
that of contract workers. We are working to keep 
our employees and contractors safe by focusing 
on compliance and tackling the cultural issues 
that can lead to unsafe behaviour. Our goal to 
provide a safe working environment by safety in 
design, construction and operation is helping to 
strengthen our safety culture. Efforts are being 
taken by senior management in nurturing safety 
culture in site supported by policies, procedures, 
the necessary resources and communicated 
throughout the organization 

Safety training 

 As per the AERB guidelines, Industrial Safety 
Training Programme is provided to all the 
workers before employing them in the site. 
Various hazard related topics on Civil 
Mechanical, Electrical, Fire, Health is covered in 
the training session.  Apart from these safety 
Films are also shown to them. Communication 
with the migrant workers, while conducting 
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training is a big challenge for us.  For this we 
arrange separate training classes for the group of 
the workers knowing the same language. We also 
conduct separate training classes for the workers 
as per their trade like, Welding, Fitting, Cutting, 
Cranes operation and so on.  To increase impact 
on safety training, a severe injury or fatality 
incident is discussed. Worker by worker training 
is also practised in the site. During training we 
focus on engineering, administrative and 
management control, to avoid hazards rather 
than relying on personal protective equipment for 
their protection.  

Height Pass training 

Height pass system has been introduced for 
working at height. For getting height pass the 
worker has to clear medical and physical fitness 
test.  

Safety Inspection 

Daily safety inspection is carried out at the site 
by the Safety Officer & Supervisors. Unsafe act 
and conditions observed are corrected on the spot 
or brought to the notice of site Engineer/ 
Supervisors through SRDR for taking corrective 
action. Specific job related safety inspection is 
also carried on weekly basis like safety inspection 
of Welding m/c, Grinding m/c, ELCB, vehicles 
etc. During regulatory inspections, full 
coordination is given and suggestion given by 
them is put in practice.  

Industrial Safety Co-ordination Committee 
(ISCC), DFRP 

Industrial Safety Co-ordination Committee 
constituted by the Director, RpG are the 
members, Officers of senior level, drawn from the 
various facilities /departments meet periodically.. 
Safety and health issues are discussed in the 
meetings .Agenda & Minutes of meeting are 
prepared circulated in time. The agenda centre 
on implementation of safety and health issue, 
performance, problems, training, promotion, 
suggestions, incident and accident investigation 
and recommendation, follow-up actions and 
review working procedure on construction 
activities, statutory requirements. 

Safety Work Permit System: In order to ensure 
safety in all hazardous jobs such as excavation, 
�Z�R�U�N�� �D�W�� �K�H�L�J�K�W�¶�V���� �F�R�Q�I�L�Q�H�G�� �V�S�D�F�H�V���� �F�K�H�P�L�F�D�O�V����
welding and gas cutting etc., safety work permit 
are issued. The permit procedures are well 
established and practiced in the site. Depending 

on the nature of work   and hazard we have also 
modified the permit, hence meeting safety more 
stringently. 

Job Hazard Analysis 
Risk analysis is being done for job having more 
potential hazards. It is often reviewed, updated 
and modified on the basis of data collected and 
accident analysis. By doing JHA we enhance our 
safe working method. 

Physical Hazard Surveillance 

Physical surveillance of illumination level, Sound 
level, Oxygen Level, etc is done regularly at the 
site. It is observed that adequate illumination 
level is maintained as per the Atomic Energy Rule 
and hence improving the work performance. 
Decibel meter is used for conducting noise level 
test at various places such as fabrication yard, 
Generator room, Compressor room etc and 
precautions taken to reduce the noise and its 
effects. Heat stress study is also being conducted 
in the workplace and suitable measures taken to 
keep in control. 

Guarding [FIG.1] 

In order to protect workers from injuries and 
damage to machine, all the dangerous and 
moving parts of machine have been guarded. 
Mesh type, sheet type guards has been provided 
for   belt drives, gears and motor shafts. Cage 
has been also provided around monkey ladder. 
Toprail, midrail  and toe board has been provided 
around the floor opening & tanks work  platform. 
Colour coding (painting) of guard is also being 
done. Also the surface behind the guard is being 
painted in different colour (red or blue), so that 
when guard is removed, the exposed colour is 
visible and the workers are alerted to the possible 
danger. 

 
FIG 1: GUARDING FOR MOTOR AND HANDRAIL 

FOR WORK PLATFORM 

Zoning and ventilation 

To confine the radioactivity to restrictive areas 
and to control the spread of contamination, the 
Plant has been divided into four zones (white, 
green, amber and red). The buildings in which 
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radioactive materials are processed are divided 
into zones of increasing degrees of potential 
radioactive contamination. The ventilation 
systems are arranged so that the flow of air is 
from lower to higher regions of potential 
contamination, thus helping to contain the active 
material. Graded ventilation for various areas is 
ensured by providing ventilation barriers (double 
doors) which effectively control the spread of air 
borne contamination. 

Ventilation system controls the discharge of 
exhaust gases through the stack after a gas 
cleaning process, e.g. scrubbers, chemical traps, 
high efficiency filters or electrostatic 
precipitators, can reduce environmental 
discharges of hazards gases to low levels.  

Chemical Safety  

Nuclear reprocessing being a chemical process 
large quantities of both toxic and flammable 
chemicals are stored, handled and used. 
Chemical Safety management is practiced at par 
with the radiological safety practices to achieve 
the best in chemical safety. Industrial Safety 
practices while handling, storing, and 
transporting and disposal of chemicals are in 
compliance with the licensing requirements and 
the best practices of plants. Risks of chemical 
hazards are minimized by using appropriate 
equipment, methods, and procedures to protect 
workers. These measures include usage of 
laboratory hoods, shielding, usage of master 
slave manipulator, analytical robots for sampling 
and pippetting, interlocks, standard operating 
procedures (SOPs), and appropriate PPE, 
designed to minimize exposures to hazardous 
chemicals. 

Corrosion Safety 

During reprocessing of fuel assemblies are 
chopped and dissolved in concentrated nitric 
acid. There can be severe corrosion of materials 
in the high molar nitric acid and high 
temperature environment. Corrosion are  limited 
by the application of rigorous principles of 
quality assurance: Components are built and 
composed of materials with high corrosion 
resistance, on the basis of a rigorous quality 
assurance system: pure zirconium for nitric acid 
dissolvers and evaporators, special stainless steel 
with a very low carbon content for the fission 
product concentration evaporators. AISI type 
304L austenitic stainless steel are presently used 
as the material of construction for the FBR 

reprocessing and waste management plants. 
Corrosion resistant alloys like Ti-5%Ta-1.8%Nb 
are being developed for dissolver and evaporator. 
Painting work is also done periodically to avoid 
external corrosion. 

Equipment Numbering and Colour Coding of 
Pipes [FIG. 2] 

All the major equipments have been prominently 
marked and numbered for easy identification and 
are clearly visible.  Colour coding of pipelines is 
also being followed inside the site along with 
arrow directional marking .Fire hydrant lines are 
coloured red in colour, air line in white colour, 
water lines are green in colour. Colour coding 
has been done as per Indian Standard: 2379- 
1963 and Indian Standard: 5-1978. 

 
FIG. 2:COLOUR CODING OF PIPELINES WITH 

DIRECTION 

Fire Safety 

A potential risk to the health & safety of the plant 
personnel and the general public in a fuel 
reprocessing plant is the release of radioactive 
material due to a fire or explosion in an area 
containing radioactivity. The fire protection 
program for the plants is designed to prevent, 
detect, extinguish, limit or control fires and 
explosion and their concomitant hazards and 
damaging effects. Any fire fighting and salvaging 
operation can be done  by �³�'�)�5�3�� �6�D�I�H�W�\��
�0�D�Q�X�D�O�´�� �D�Q�G�� �W�K�H�� �V�W�D�Q�G�L�Q�J�� �I�L�U�H�� �R�U�G�H�U�V�� �R�I�� �'�)�5�3����
Fire hazard analysis has been carried out to 
identify the different cause of fire, assessing their 
potential consequences and, where possible, 
estimating the probability of such fires occurring. 
Fire safety inspections are conducted along with 
Fire Officer for checking the reliance of active 
and passive fire protection system inside the 
building. Periodic testing, inspection and 
maintenance of the devices associated with fire 
protection systems (extinguishers, fire dampers, 
fire detectors) is being done. Fire order, 
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Emergency exit plan has been displayed in safety 
notice board and conspicuous places. All the 
operating staff, fire squad & salvage squad are 
periodically trained in fire fighting. Fire drill is 
also conducted periodically to ensure that 
employees are trained on emergency plan. The 
fire hydrant ring has been designed around the 
building. 

Electrical Safety 

All the electrical machine and equipments 
installed inside the DFRP building is as per IS 
standards .Power supply has been routed through 
ELCB & MCCB. Earthling part has been taken 
care effectively for tanks, motors, and being 
checked periodically. In hazardous chemical are 
flame proof fitting has been provided. Lightening 
arrestor has been provided for the building & 
stack. FRLS cable of suitable fire rating has been 
used. Instrument cable, Power cable has been 
routed separately through the tray.  

PERIODICAL INSPECTION OF MATERIAL 
HANDLING EQUIPMENT 

 During handling operations, the loads may 
suffer shocks, deformation, crushing, or dropping 
due to failure of handling equipment, derailment 
of a transporting unit, collision with an obstacle, 
or poor gripping. These events may have direct or 
indirect radiological consequences:  if the load 
contains radioactive material.  As MHE are used 
to handle both radioactive materials as well as 
other items, lot of importance is given for their 
periodical inspection by competent person 
meeting the requirement of Act / Rules to carry 
out the periodical inspection once in every 12 
months. Load testing is done for 50%, 75%, and 
100% and125% of the SWL. In DFRP Head End 
Facility single failure proof 40 Ton EOT crane 
has been installed [FIG. 3].  

 
FIG. 3: SINGLE FAILURE PROOF EOT CRANE 

The crane has sufficient safety features like 
double wire rope system, two rope drums, two 
independent brakes, VVF drive etc. As per the 
AERB guidelines, for enhancing the riggers 
knowledge on Material Handling and rigging, 
special training classes are being conducted by 
us, we mainly focused on safety, inspection and 
operation. After that they are assessed for their 
competency followed by small test, completing 
that they are certified for carrying out the rigging 
job inside the DFRP site. 

PRESSURE VESSEL INSPECTION AND 
TESTING 

As per the statutory requirement, all pressure 
vessels / plant services shall be thoroughly 
examined and hydrostatically tested (if 
applicable) at 1.3 times of design pressure or 1.5 
times of the maximum permissible working 
pressure in the presence of a competent person. 
Testing Group comprise of Safety, Quality and 
user side Engineers along with competent person 
Preliminary inspection is carried out to decide 
the fitness of the pressure vessel before hydro test. 
A detailed inspection & testing procedure along 
with check list are prepared and filled. If the 
pressure vessel is not subjected to hydro test due 
to operation / space constraint, it will be 
subjected to non-destructive examination. In 
DFRP construction site numerous numbers of 
pipe lines and pressure vessel has been subjected 
to the pneumatic and hydrostatic testing before 
usage. 

Safety promotion 

To arouse safety awareness among workers we 
conduct safety quiz, competition, poster display, 
slogan and essay competition etc. We also 
celebrate National Safety Day on 4th March, 
Environment Day on 5th June, observe Fire 
Prevention week. Industrial Safety Workshop was 
also conducted in collaboration with AERB for 
discussing various safety topics. Highly 
experienced and knowledgeable speakers from  
companies, facilities& reputed institutions were 
invited during the workshop. The participants of 
workshop mainly consisted of officers and 
supervisors. After the workshop, the doubt 
clearing session was organised which was mainly 
beneficial for all of us. 

Occupational Health Centre 

Risk identification and implement safe measure to 
protect workers safety and health at work. We 
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have one Occupational Health Centre with part 
time Doctor and nurses. All the necessary First 
Aid Medical Equipments are made available in 
the centre as per the Atomic Energy Factory 
Rule. One ambulance van is kept ready all the 
time to tackle the emergency. 

Housekeeping 

Good housekeeping should always be maintained 
in the plants by periodic cleaning of the floor 
area, machinery and equipment, preventing 
leakage and spillage of the material, and proper 
storage of infrequently used materials. A house 
keeping committee is constituted within the 
DFRP. It has members drawn from different 
functional groups / areas.  This team will inspect 
all the areas once in every month and give the 
observations to the concerned area in-charge for 
implementation. Minutes will be prepared and 
send it to concerned In-charge for corrective 
action. 

Personal Protective Programme 

Work activities are well identified and classified 
to comply with relevant statutory requirement on 
the use of personal protective equipment. All the 
PPE provided are as per IS Standard. No 
compromise in the quality is done. Selection, 
issuing, monitoring, maintenance, replacement 
are kept in track records. For example, safety 
helmet, eye protection, respiratory protection, 
fall arrest equipment, safety shoes, gloves, Hi-
visibility clothing etc. Emergency cupboards 
containing all the necessary PPE for dealing 
emergency conditions has been located at 
different place of DFRP. 

Accident /Incident/ Investigation  

A systematic Accident reporting procedure has 
been established in DFRP. All the Accident 
/Incident minor and major are reported properly 
in well established manner. We are having Form 
A and Form B. If any injury on duty, Form A has 
to be filled by the concerned Engineer and on the 
basis of which the medical Staff will give 
treatment. All the accident; minor or major has to 
be reported as per Form B. If any fatal accident 
occurs, Director, IGCAR constitute a committee 
which carries the investigation. All other major/ 
minor accident is investigated by the Engineer / 
Safety Officer as per existing severity. Near miss 
accidents reported are also investigated and 
corrective action taken. 

 

Emergency Planning and Response 

An Emergency-preparedness plan has been 
prepared for DFRP plant. Emergency Planning 
and Response address what actions employees 
have to take when there is an unwanted release of 
highly hazardous chemicals and radioactive 
materials.  

Classification of Radiological Emergencies 

  1) Emergency Alert 
  2) Laboratory or Plant Emergency 
  4) Site Emergency. 

        5) Off Site Emergency 

Crisis Management Committee and Cyclone 
Protection Committee in the centre look after the 
preparedness and subsequent relief operation. . 
An Earthquake Notification System (ENS) is 
installed in Control room of FBTR, KARP& 
MAPS. Emergency equipments cupboards are 
always kept ready for handling floods, cyclone, 
earthquakes etc. 

CONCLUSION 

The general objective of the industrial safety 
programme is to achieve an acceptable standard 
of industrial safety for all personnel working at 
the plant, construction site including contractors' 
employees. This may be accomplished by 
managing all risks resulting from or associated 
with the activities and operation during, process, 
commissioning construction stage effectively.  Its 
main objective is to mitigate health effects, and to 
minimise injuries or other detrimental effects 
resulting from accidents by enhancing the safety 
management system in the site. 
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ENFORCEMENT OF INDUSTRIAL SAFETY MEASURES IN THE  
CHALLENGING TASK OF REPLACEMENT OF DEFECTIVE 

STEAM GENERATOR MODULE OF FBTR  

 
ABSTRACT 

FBTR steam generator is a once through shell and tube type counter flow heat exchanger with sodium in 
the shell side and water/ steam in the tube side. During 25th irradiation campaign at 27.3 MWt power, 
reactor underwent shut down due to tube leak in west steam generator module. The failure of SG has 
been of the first of kind experience for FBTR and replacement of the leaky module called for elaborate 
activities viz identification of leaky module, modification of spare SG module to introduce welded orifice 
assemblies, requalification of the preserved spare SG module, removal of leaky module from the SG 
casing integration of new module to the system, qualification of new SG. A special multi-disciplinary 
task force with personnel from operation maintenance technical, quality assurance and industrial safety 
were constituted to execute the task. The entire work could be completed in a short span of time of two 
and half months against the original schedule of four months. The systems were normalized; reactor 
power was raised to the target power of 27.3MWt. 
 
Key words: FBTR, SG Module, confined space, hot work 
 
1.  INTRODUCTION 

Fast Breeder Test Reactor (FBTR) is a 40 MWt 
sodium cooled loop type reactor. Liquid Sodium 
in the primary circuit at 515oC is circulated 
through reactor by centrifugal pump kept in a 
double wall stainless steel vessel. Heat from 
primary is transferred to secondary sodium 
through intermittent heat exchanger (IHX). 
Secondary sodium at 500oC is circulated through 
steam generator (SG). FBTR Steam Generator 
(SG) is a once-through shell & tube type counter 
flow heat exchanger (Fig 1). 

 The sodium flows in the shell side and 
water/steam through the tube side. There are two 
SG modules each in East & West Secondary 
sodium loops connected in parallel (Front view of 
SG modules are given in Fig 2). Each module 
rated for 12.5 MWt. The SG generates 
superheated steam at 125 kg/cm2 & 480oC by 
transferring nuclear heat from primary sodium to 
the tertiary steam water system through 
secondary sodium with inlet sodium at 510oC. 
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FIG 1: SCHEMATIC FLOW SHEET OF FBTR 
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2.    SG LEAK INCIDENTS IN FBTR 

During 25th irradiation campaign at 27.3 MWt 
power, the Sputter Ion Pump (SIP) based Steam 
Generator Leak Detection System indicated tube 
leak in the east loop Steam Generator. The SIP 
signals crossed the threshold on H2 concentration 
on absolute and rate of rise. Reactor tripped on 
LOR from 2/3 logic on SGLDS. SG was put in 
safe configuration automatically by 
depressurizing the water on tube side of west 
loop SG and admitting nitrogen at 5b pressure.  

Analysis of expansion tank cover gas showed 
hydrogen concentration of 5% and the Plugging 
temperature of dumped sodium in the west loop 
was found to be 112oC against the normal value 
of <105oC. As any increase in Hydrazine content 
in feed water and any oil leak from sodium pump 
also could cause increase in H2 conc., Hydrazine 
content in feed water was measured to be normal 
and the pump oil level was found to be steady. 
From these observations, it is concluded that 
there is a genuine water/steam leak from one of 
the west loop SG modules into sodium. 
Conservative estimates based on the H2 

accumulation and the sodium plugging 
temperature in the west loop has indicated that 
the magnitude of leak is 0.9 g/s. 

As the two SG modules (SGna 600A & SGna 
600B) remain interconnected at sodium side and 
steam/water side in the loop and there are no 
isolation valves, identification of the leaky 
module has become a big challenge. 

Schematic diagram of the SG modules are given 
in Fig 3. This was compounded by the fact that 
the quantum of leak was very minor, occurred at 
high pressure (125b) and temperature (460oC) 
and these conditions could not be recreated again 
for identifying the leak.  Hence, a novel technique 
(Gas tracing) was employed to identify the leaky 
module. Gases helium and argon at 40 b pressure 
was admitted into SGna 600A and SGna 600B 
respectively. The shell side of the modules was 
sampled for the presence of helium. As no He 
content could be detected, the gases in the two 
modules were reversed. With He in SGna 600B & 
Ar in SGna 600A, presence of He was detected in 
the shell side of SGna 600B. At the end of 6 h, He 
concentration was found to be 1042 ppm 
indicating that SGna 600B is leaking and the 
order of leak is very minute. 

 
FIG 2: FRONT VIEW OF SG MODULES 

 
 

 FIG 3: SCHEMATIC DIAGRAM OF FBTR SG MODULE 
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3. CHALLENGES AND EXECUTION OF 
WORK (FIG. 4 TO FIG. 10) 

The failure of SG has been of the first of kind 
experience for FBTR and the replacement of the 
leaky module called for elaborate activities viz. 
cutting of water/ steam headers, sodium headers, 
sodium cleaning & safe disposal, maintaining the 
entire system in inert  atmosphere during the 
interventions, erection of massive scaffoldings 
inside and outside the SG casing,  handling of 
structures like handling structure & carrying 
beam, removal of hot beams, supporting of all SG 
modules to facilitate removal of the common 
support beams, modification of spare SG module 
to introduce welded orifice assemblies, 
Requalification of the preserved spare SG module 
by helium leak testing of shell welds and tube 
side, removal of leaky module from the SG 
casing, introduction of spare module and 
positioning & alignment with common water 
header, steam header and sodium inlet/outlet 
headers, welding the joints, post weld heat 
treatment of weld joints and qualification by 
liquid penetrant inspection, radiography, helium 
leak testing and finally by hydro testing of the 
tube side 

 
FIG 4: SG CASING INTERNAL VIEW 

A special multi-disciplinary taskforce with 
personnel from operation, maintenance, 
technical, Quality assurance and Industrial safety 
sections was constituted to execute the task. The 
taskforce made elaborate and meticulous 
planning, split major activities into small 
activities, entrusted each with small groups, 
integrated the split activities, did mock up of all 
major activities, qualified the crane & the 
handling stresses etc. by load tests.  

The most difficult part of the entire work was 
handling of the slender SG module of 200 mm dia 
with overall dimensions (15 m (L) X 6 m (H)) and 

weight 6 tonnes inside SG casing where working 
space is a premium and no crane access  
is available. Lifting of the module and movement 
of the module are to be done manually with 
utmost care and precision. The removal of the 
leaky module and the introduction of spare 
module were done by moving inch by inch and 
each operation lasted about 8 to 9 hours.  

 
FIG 5: HANDLING TRUSS WITH CARRYING BEAM 

ALIGNED IN FRONT OF SG 

 
FIG 6: DEFECTIVE SG PULLING OUT FROM SG 
ALONG WITH CARRYING BEAM 
 

 
FIG 7: DEFECTIVE SG PULLED OUT FROM SG 
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Highest industrial safety standards were followed 
during the execution of work which spanned over 
more than 10 weeks and there was no accident or 
man-hour loss. The entire work could be 
completed in a record time of two and a half 
months against the original schedule of 4 months. 
The systems were normalized and after observing 
the SG operating parameters, the reactor power 
was raised to the target power of 27.3 MWt.  

 
FIG 8: NEW SG INTRODUCTION IN TO SG 
CASING    

After replacing the defective module with a 
qualified 2.25Cr 1Mo spare module. This module 
suffered two shell side leaks from one of the 
thermal baffles to tube joint (of Tube G which 
was in blanked condition). The first leak was 
during reactor operation and the defect was 
rectified after establishing the pattern of defect 
propagation as it was found to have originated 
from a material defect which went unnoticed 
during testing of the module during fabrication. 
The second leak occurred on 24th Sept. 2017 
during the qualification of the module after its 
repair at high temperature. As the same module 
leaked twice, same was replaced with a spare 
9Cr 1Mo module. 

4. FIRE AND INDUSTRIAL SAFETY 
ACTIVITIES  

- Emergency Phone numbers 
Emergency contact numbers was   displayed 
at the site and appropriate caution boards 
were placed at site. 

- Cutting welding and Industrial Safety 
permits 

Valid Cutting welding and Industrial Safety 
permits along with the main permit were 
taken before the commencement of the work 

and regular safety inspections carried out. 
Necessary isolations were done. As SG is 
connected with different gas systems, its 
positive isolation have been ensured by 
providing dummy in the line after closing the 
necessary isolation valves.    

- Personal protective equipments 
Availability and usage of essential personal 
protective equipments such as helmets, safety 
shoes, hand gloves, safety belts, face shield, 
ear plug /ear muff and aprons were ensured. 

- Scaffolding checks 
Ensured the valid medical fitness certificates 
and height pass for contract employees and 
ensuring the scaffolding erection work 
through valid checklist. 

- Working at higher elevation 
Wearing the safety belt, helmet and shoes 
were ensured. 
Appropriate safety was ensured while 
simultaneously working at same location at 
different elevations (with safety-nets). 
Handrails and toe guards were ensured for 
working near edges of the platform at height. 

 -    Material Handling  
Valid load test certificates for the EOT crane 
and chain pulley block were ensured. 

 -     Welding, Gas cutting, grinding works 
Safety of the equipments which are in use 
were checked regularly. 

 -     Fire fighting equipments and accessories  
During the work, availability of sufficient 
numbers of fire fighting equipments and first 
aid items were ensured.  

 -      Confined work spaces 
Since work is in confined space, oxygen level 
inside the SG casing has been monitored with 
portable oxygen meter, sufficient illumination 
(lighting) and ventilation also ensured. 

-  General housekeeping was ensured in the 
work space. 

-   Radiography work 
During the radiography work area was 
barricaded and warning signs were placed at 
site 
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FIG 9: ALIGNMENT OF NEW MODULE WITH SG 

HEADER 

 
FIG 10:WELDING NEW MODULE WITH HEADER 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
5.  SEQUENCE OF ACTIVITIES 

Following were the major activities carried out 
during the replacement of SG: 

a. Qualification and Testing of spare steam 
generator module 

b. Removal of failed SG module after 
transfer of support from hot beam to 
suspension supports and hot beam 
removal. 

c. Insertion of spare 9Cr-1Mo SG in SGna 
600B position and welding. 

d. Testing, commissioning checks and 
normalization of SG module. 

 
6.  CONCLUSION 

The defective module was successfully removed 
with shortest span of time and highest industrial 
safety standards were followed during the 
execution of work. After its replacement, reactor 
high power operation was resumed.  
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Abstract: Investigations of accidents/incidents 
through case studies are very essential prerequisite 
to eliminate the causal factors for unsafe condition 
in mines and enhance the mine safety. In this 
paper, a comprehensive study of recent 
accident/incidents of a trackless underground hard 
rock mine was performed. The case study outcomes 
exhibited that the poor risk perception of 
tradesmen and first line supervisors involved in 
various mining and maintenance jobs are major 
contributors towards the occurrences of accidents 
and significant near misses. The case studies 
conducted on the incidents caused by fall-of-loose-
rock and collision of HEMM with underground 
haulage walls due to error in maintenance and 
checking of vehicle prior to deployment in 
underground.Therefore, a systematic approach is 
needed toevaluate the risk at different operation in 
case study mineusing suitable scientific tools. In 
this context, proactive management efforts are also 
required to improve thecharacteristics of the 
hazardous work environment throughsuitable 
control measures to enhance the safety 
inunderground hard rock mines. 
 
Key words: Safety Management Plan (SMP), 
Heavy Earth Moving Machinery (HEMM), 
Metalliferous mines Regulation 1961(MMR-1961), 
Critical Hazard Control System (CHCS), Standard 
Operating Procedure (SOP). 
 
1.1 Introduction:  
The mining industry has traditionally been viewed 
as ahigh-risk environment industry. While the 
industry hasseen recent advances in safety, it still 
remains one ofthe most high-risk professions 
worldwide (Mitchell et al., 19981). The failure of 
people, equipment orsurroundings to behave or 
react as expected results in mostof the accidents. 
Identification of different factors responsiblefor 
such failure may play an important role in accident 
mitigation (Paul and Maiti, 20012). Trackless 
underground hardrock mine is a bit complicatedas 

the requirement of suitableventilation system, 
proper designing of support system,selective 
machinery and implementation of their safe 
operating procedures etc. are to be optimized and 
monitored steadily toextract the ore safely. In Indian 
scenario, haulage vehicles and machineries plays a 
vital role in the occurrence of fatal accidents and 
injuries (D.G.M.S. report, circular 20165). The 
causes of injuries are very repetitive in nature. The 
failure of brake andtwisting of steering are other 
frequent causes (Miller, 19754). In this paper, 
comprehensive studies on different types of recent 
accident/incidents caused byfall-of-loose-rock and 
collision of HEMM with underground haulage walls 
at Turamdih Mine of UCIL had been performed to 
exhibit the underlying reasons for unsafe condition 
and find out the major contributors towards the 
occurrences of accidents and significant near 
misses. Asystematic approach in form of SMP 
(Safety Management Plan) has been designed and 
its performance will be tested through judicious 
implementation.The effects of this newly structured 
proactive safety management system on the 
characteristics of the hazardous work 
environmentand human behaviour towards the 
perceived risks will also be observed and monitored 
to enhance the safety in underground metal mines. 

 
1.2 Background 
 Mine operations are associated with a series of 
activities, orunit-operations such as drilling, 
blasting, mucking (loadingand hauling) and ground 
control or supporting. Specifiedtheir prior 
importance to the mining process, most of the unit 
operations are to be carried out in utmost safe 
environmentto ensure the continuous and hassle free 
production (Sarkar et al., 20163). Further,there are 
continual changes in mining methods, 
geologicaldisturbances, newly deployed heavy earth 
moving machines(HEMM) in confined spaces are 
causing problems in ensuringadequate ventilation, 
proper illumination, administering quality 
supervision and maintaining healthy participation 
ofworkers in safety management. Therefore, mine 
managementhas to dedicate their concentration 
primarily on the safety ofemployees participating in 
materials loading, hauling, drillingand blasting and 
update the technologies available toenhance the 
safety performances. The traditional methods 
offormation ofreactive safety management 
programmes, compliance of statutory requirements 
and analysing only accidents or injury experience 
data are also not providing satisfactory level of 
safety awareness. Development of proactive safety 
management and recently designed safety analysis 
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systems are prerequisite to identify the occupational 
health and safety related hazards in respective unit 
operations. Though Safety Management Plan has 
been implemented in countries like Australia, 
mining industry in our country is still struggling 
with its preparation stage. The first directive in this 
field came in 2001.However it was never taken 
seriously till the regulator in recent years decided to 
include it in the regulation through amendment of 
Metalliferrous mines Regulation 1961(MMR-
1961).The change will be soon a part of MMR-
1961. The introduction of SMP will be a step 
towardsself-regulation.In this paper; such an 
approach is presented to activate the 
safetymanagement in the mining system through 
risk assessment of respective unit operations. 
 
1.3 Description of case study Mine: 
Turamdih Uranium Mine is located in Nandup 
(Sundarnagar) village of the East Singhbhum 
district of Jharkhand state. It is 6 km away from 
Tatanagar railway station and 21 km away from 
Jaduguda Mine of Uranium Corporation of India 
Ltd (UCIL a public sector enterprise under 
Department of Atomic Energy).Turamdih Uranium 
Mine is a mechanized underground mine with entry 
through 80 decline. Latest technology of trackless 
mining system is practiced in this mine with decline 
as mine entry and ramps for access to the stopes. 
ROM and waste are hauled up by trackless method 
using LHDs (ST) and Mine truck (MT)/Low Profile 
Dump Trucks (LPDT) combination and 
subsequently up to surface through decline.The 
various underground equipment used in the mine 
are Mine truck (MT)/Low Profile Dump Trucks 
(LPDT), Scoop truck (ST)/ LHDs, Drill Jumbos, 
Service Transport Vehicles (STV) like Supply 
Truck, Service Truck, Passenger Carrier, and 
Explosive Van. The present method adopted to 
excavate the ore from Turamdih mine is Horizontal 
Cut & Fill method.  This is a method to excavate 
one slice of ore and filling back the same by waste 
rock, mill tailings etc.In spite of an effective safety 
management programme in the case study of 
Turamdih mine, it has undergone 25 reportable  
accidents causing a loss of almost 364 number of 
man days from January, 2011 to December, 2018 so 
there was serious requirement of proactive safety 
management to enhance the safety performances. 
 
1.4 Accident/incident scenario of case study 
in Ucil mine:  

      The accident/injury experience data for the mine 
during2011-2018 had been collected and trend 
analysis w.r.t thenumber of accident, man-days 

loss, unit operations, workplace and work 
categories had been conducted. A total number of 
25 injuries werereported during the 8-year period. 
Most of the injuries are in the category of 
reportable injury where reportable injury is 
defined as the absence from work for at least 3 
days. During the 8 years period, the year 2016 
witnessed more injuries compared to the other 
years where 11 injuries had been occurred in the 
year 2016, followed by 03 numbers of injuries 
each in 2011, 2013 and 2014 respectively.  
 
Some of the recently occurred incidents may be 
may be exemplified as follows: 
 
�$���J�H�R�S�K�\�V�L�F�V���R�S�H�U�D�W�R�U���Z�L�W�K���������\�H�D�U�V���R�I���H�[�S�H�U�L�H�Q�F�H��
�I�X�O�O�\�� �D�Z�D�U�H�� �W�K�D�W�� �K�H�� �V�K�R�X�Od�� �Q�R�W�� �H�Q�W�H�U�� �X�Q�G�H�U�� �D��
�I�U�H�V�K�O�\���E�O�D�V�W�H�G���U�R�R�I�� therefore he �Hn�W�H�U�V���G�H�O�L�E�U�D�W�H�O�\��
�W�R�� �V�D�Y�H�� �K�L�V�� �W�L�P�H�� �I�R�U�� �O�H�L�V�X�U�H�� �S�H�U�L�R�G���,�Q�� �W�K�H�� �S�U�R�F�H�V�V��
�R�Q�H���R�I���K�L�V���F�U�H�Z���P�H�P�E�H�U���J�R�W���Dn�L�Q�M�X�U�\���G�X�H���W�R���I�D�O�O���R�I��
�D��small fragment of �O�R�R�V�H���U�R�F�N�� 
 
�,�Q�� �D�Q�R�W�K�H�U�� �L�Q�V�W�D�Q�F�H�� �R�I�� �D�� �Q�H�D�U�� �P�L�V�V�� �D�F�F�L�G�H�Q�W���� �D��
�P�H�F�K�D�Q�L�F�� �I�L�X�O�O�\�� �D�Z�D�U�H�� �W�K�D�W�� �W�K�H�� �E�U�D�N�H�� �R�I�� �W�K�H�� �Y�H�K�L�F�O�H��
�U�H�T�X�L�U�H�� �D�W�W�H�Q�W�L�R�Q���� �W�D�N�H�V�� �W�K�H�� �Y�H�K�L�F�O�H�� �L�Q�� �G�H�F�O�L�Q�H��
�U�R�D�G�Z�D�\�V���Z�L�W�K���D���J�U�D�G�L�H�Q�W���R�I�������L�Q�������,�Q���W�K�H���S�U�R�F�H�V�V���K�H��
�O�R�V�W�� �F�R�Q�W�U�R�O�� �R�I�� �W�K�H�� �Y�H�K�L�F�O�H�� �Z�K�L�F�K�� �V�W�R�S�S�H�G�� �D�I�W�H�U��
�V�P�D�V�K�L�Q�J���W�K�H���V�L�G�H���Z�D�O�O���R�I���W�K�H���G�H�F�O�L�Q�H���)�Rrtunately���K�H��
�D�Q�G���K�L�V���F�U�H�Z��escaped with minor bruises. 
 
1.5 Development of Safety Management 
Plan:  
The preparation of SMP involved forming 
multifunctional team.It wasa challenging process 
and is still in continuity as some new activity 
always comes up.Thebiggest challenge was the 
belief in SMP. The change was not welcome by the 
workers.The inertia was large as Turamdih Mine 
had more than 800 workers. It was like an elephant 
changing its direction. But this was not the only 
challenge. The workers and union were also not 
cooperating. They thought we are shifting 
responsibility in form of a new document, as SMP 
required fixing responsibilities. It was like our own 
immune system rejecting the newly transplanted 
organ which was good for the whole body. The 
proper communication played the role of 
lubrication.We found it challenging to hand over a 
copy of Standard Operating Procedure (SOP) to 
workers.It was important to prepare in the language 
understood by most of the workers.The hierarchal 
structure and sometimes autocratic relation between 
managers and subordinates creates a gap in bringing 
about the necessary changes. The uncertainty 
avoidance by relying on general practices and not 
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on standard procedure bring about cultural 
challenge in implementing the change.  
 
(I)  Preparing SMP 
The first stage was identifying all hazards in a 
process by involving all stakeholders. The next step 
involved preparing a risk rating of all hazards so 
that the hazards could be priorities.The risk rating 
involved consequences of the associated hazard, its 
exposure and probability of such hazard in a 
process. The quantization of rating was done by 
quantifying the consequences,exposure and 
probability. The risk rating of a hazard was 
calculated as: 

 
Risks are categorized according to the level of risk 
i.e. highest to lowest, which enables one to establish 
risk which need immediate attention or may be 
managed in an ongoing manner for example shown 
as follows: 
Risk >200 :Requiring immediate attention 
Risk <200&>20 :Requiring Management Action 
Risk <20 :To be watched and reviewed 
Scale for risk rating is depicted in Table-1 & 2 
(Depicted in Page 5). 
�$�� �S�H�U�V�R�Q���L�Q���V�X�S�H�U�Y�L�V�R�U�¶�V capacity could now easily 
identify which hazard was more important for him 
by just looking at the chart of risk rating and thus 
served an important tool in supervision.An example 
of such hazard identification, risk control and 
management is shown in Table 3, Table 4 (Shown 
in Page 6 -8) and an example of SOP is hereby 
illustrated in Annexure I of Page No-9. 
�$�I�W�H�U�� �L�G�H�Q�W�L�I�\�L�Q�J�� �W�K�H�� �K�D�]�D�U�G�V�� �D�V�V�R�F�L�D�W�H�G�� �L�Q�� �W�K�H��
�S�U�R�F�H�V�V���F�R�Q�W�U�R�O�� �S�U�R�F�H�G�X�U�H�V�� �Z�H�U�H�� �G�H�I�L�Q�H�G���7�K�H�� �F�K�D�U�W��
�D�O�V�R�� �G�H�I�L�Q�H�G�W�K�H�� �V�R�X�U�F�H�V�� �R�I�� �V�X�F�K�� �S�U�R�F�H�G�X�U�H�V���H�[�L�V�W�L�Q�J��
�U�L�V�N���F�R�Q�W�U�R�O���L�Q�G�H�[���Z�K�H�W�K�H�U���L�W���L�V���K�L�J�K���R�U���O�R�Z���D�Q�G���W�K�H��
�I�L�[�L�Q�J�� �W�K�H�� �U�H�V�S�R�Q�V�L�E�L�O�L�W�L�H�V�� �W�R�� �H�V�W�D�E�O�L�V�K�� �W�K�R�V�H��
�S�U�R�F�H�G�X�U�H�� 
 
(II)  �7�K�H���L�P�S�O�H�P�H�Q�W�D�W�L�R�Q: 
�7�K�H�� �I�L�U�V�W�� �V�W�D�J�H�� �U�H�T�X�L�U�H�G�� �W�U�D�L�Q�L�Q�J�� �L�Q�� �V�W�D�Q�G�D�U�G��
�R�S�H�U�D�W�L�Q�J�� �S�U�R�F�H�G�X�U�H�� �D�Q�G�� �H�[�S�O�D�L�Q�L�Q�J�� �W�K�H�� �V�W�H�S�V�R�I����
�I�R�U�P�D�W�L�R�Q���R�I�� �V�W�D�Q�G�D�U�G���R�S�H�U�D�W�L�Q�J�� �S�U�R�F�H�G�X�U�H�V���6�2�3������
�$�� �� �Z�H�H�N�O�\�� �W�U�D�L�Q�L�Q�J�� �V�K�H�G�X�O�H�� �Z�D�V�� �I�R�U�P�H�G�� �W�R�� �F�R�Y�H�U��
�D�O�O�� �P�L�Q�H�� �Z�R�U�N�H�U�V�� �R�I�� �D�O�O�� �G�L�V�F�L�S�O�L�Q�H�� �I�R�U�� �F�O�D�V�V�U�R�R�P��
�W�U�D�L�Q�L�Q�J�� �D�W�� �P�L�Q�H�� �O�R�F�D�W�L�R�Q�� �E�\�� �W�K�H�L�U�� �U�H�V�S�H�F�W�L�Y�H��
�V�H�F�W�L�R�Q�� �L�Q�F�K�D�U�J�H�V�� �D�Q�G�� �F�R�P�S�H�W�H�Q�W�� �L�Q�V�W�U�X�F�W�R�U�V��H�D�U�G��
�F�R�S�L�H�V���R�I���W�K�H relevant ���6�2�3�¶�V�����Zere���D�O�V�R���S�U�R�Y�L�G�H�G��
�W�R�� �� �P�L�Q�H�� �Z�R�U�N�H�U�V of all sections���$�� �O�L�V�W�� �R�I�� �K�D�]�D�U�G�V��

�Z�H�U�H�� �S�U�H�S�D�U�H�G�� �� �D�Q�G�� �W�Z�R�� �R�I�� �W�K�H�� �P�D�M�R�U�� �� �K�D�]�D�U�G�V��
�Q�D�P�H�O�\�� �I�D�O�O�� �R�I�� �O�R�R�V�H�� �U�R�F�N�V�� �D�Q�G�� �K�L�W�� �E�\�� �P�R�Y�L�Q�J����
�Y�H�K�L�F�O�H�� �Z�H�U�H�� �L�G�H�Q�W�L�I�L�H�G�� �I�R�U�� �W�K�H�L�U�� �� �P�L�W�L�J�D�W�L�R�Q��
�W�K�U�R�X�J�K�� �W�K�H�� �&�U�L�W�F�D�O�� �+�D�]�D�U�G�� �&�R�Q�W�U�R�O��
�6�\�V�W�H�P���&�+�&�6���� 
�,�W�� �Z�D�V�� �P�D�G�H�� �P�D�Q�G�D�W�R�U�\�� �Q�R�W�� �W�R�� �D�G�Y�D�Q�F�H�� �D�Q�\��
�Z�R�U�N�L�Q�J�� �I�D�F�H�� �E�\�� �P�R�U�H�� �W�K�D�Q�� �R�Q�H�� �E�O�D�V�W�� �Z�L�W�K�R�X�W��
�V�X�S�S�R�U�W�� �X�S�G�D�W�D�W�L�R�Q�� �D�Q�G�� �R�W�K�H�U�� �V�W�R�S�H�� �G�H�V�L�J�Q��
�S�D�U�D�P�H�W�H�U�V�� �O�L�N�H�� �K�H�L�J�K�W���S�L�O�O�D�U�� �Z�L�G�W�K���U�R�R�I�� �E�R�O�W�V��
�V�S�D�F�L�Q�J�� �H�W�F���� �Z�H�U�H�� �V�W�U�L�F�W�O�\�� �D�G�K�H�U�H�G�� �D�V�� �S�H�U�� �W�K�H��
�D�S�S�U�R�Y�H�G�� �G�H�V�L�J�Q���7�K�H�� �P�R�Q�L�W�R�U�L�Q�J�� �R�I�� �W�K�H�� �S�U�R�F�H�V�V��
�Z�D�V�� �L�Q�L�W�L�D�W�H�G�� �E�\�� �W�K�H�� �V�D�I�H�W�\�� �R�I�I�L�F�H�U�� �W�R�� �H�Q�V�X�U�H�� �W�K�H��
�V�W�U�L�F�W�����L�P�S�O�H�P�H�Q�W�D�W�L�R�Q���R�I���6�2�3���D�Q�G���Z�D�V���L�Q�W�H�Q�G�H�G���W�R��
�D�F�K�L�H�Y�H�� �W�K�H�� �L�V�V�X�H�� �Z�L�W�K�L�Q�� �R�Q�H�� �P�R�Q�W�K�� �W�L�P�H���,�Q�L�W�L�D�O�O�\��
�F�R�P�S�O�D�L�Q�V�� �R�I�� �V�O�R�Z�� �D�G�Y�D�Q�F�H�� �R�I�� �I�D�F�H�� �Z�D�V�� �� �U�H�F�H�L�Y�H�G��
���K�R�Z�H�Y�H�U���O�D�W�H�U���L�W���Z�D�V���P�L�W�L�J�D�W�H�G���V�X�F�F�H�V�V�I�X�O�O�\�� 
�7�K�H�� �R�W�K�H�U���W�D�U�J�H�W�� �W�D�N�H�Q�� �Z�D�V�� �W�R�� �P�L�W�L�J�D�W�H�� �µ�K�L�W�� �E�\�� �W�K�H��
�Y�H�K�L�F�O�H�¶���7�K�H�� �K�D�E�L�W�X�D�O�� �P�L�V�W�D�N�H�� �R�I�� �Q�R�W�� �X�V�L�Q�J��
�P�D�Q�K�R�O�H�V�� �G�X�U�L�Q�J�� �Y�H�K�L�F�O�H�� �P�R�Y�H�P�H�Q�W�� �Z�D�V��
�F�R�P�S�O�H�W�H�O�\�� �F�R�Q�W�U�R�O�O�H�G�� �E�\�� �W�U�D�L�Q�L�Q�J�� �D�Q�G��
�P�R�Q�L�W�R�U�L�Q�J���)�O�X�R�U�R�V�F�H�Q�W�� �M�D�F�N�H�V�W�� �Z�H�U�H�� �P�D�G�H��
�F�R�P�S�X�O�V�D�U�\���D�Q�G���Q�R���R�Q�H���F�R�X�O�G���H�Q�W�H�U���L�Q�V�L�G�H���W�K�H���P�L�Q�H��
�Z�L�W�K�R�X�W�� �I�O�X�R�U�R�V�F�H�Q�W�� �M�D�F�N�H�W�V���7�K�L�V�� �K�U�H�O�S�H�G�� �L�Q�� �E�H�W�W�H�U��
�Y�L�V�L�E�L�O�L�W�\�� �W�R�� �Y�H�K�L�F�O�H�� �R�S�H�U�D�W�R�U���,�W�� �Z�D�V�� �D�O�V�R�� �P�D�G�H��
�P�D�Q�G�D�W�R�U�\�� �W�R�� �Q�R�W�� �W�R�� �� �U�H�P�D�L�Q�� �Z�L�W�K�L�Q�� �D�� �G�L�V�W�D�Q�F�H�� �R�I����
�I�L�Y�H�����P�H�W�H�U���I�U�R�P���W�K�H���P�R�Y�L�Q�J���Y�H�K�L�F�O�H�� 
�,�W�� �Z�D�V�� �G�H�F�L�G�H�G�� �W�K�D�W���� �W�Z�R�� �Q�X�P�E�H�U�V�� �R�I�� �V�X�F�K�� �W�\�S�H�� �R�I��
�P�D�M�R�U�� �K�D�]�D�U�G�V�� �Z�L�O�O�� �E�H�� �W�D�N�H�Q�� �X�S�� �D�Q�G�� �W�K�H�� �&�U�L�W�F�D�O��
�+�D�]�D�U�G�� �&�R�Q�W�U�R�O�� �6�\�V�W�H�P���&�+�&�6���� �Z�L�O�O�� �E�H��
�D�G�P�L�Q�V�W�H�U�H�G�� �W�R�� �P�L�Q�L�P�L�]�H�� �W�K�H�� �D�G�Y�H�U�V�H��
�F�R�Q�V�H�T�X�H�Q�F�H�V���� 
 
(III)  Discussion: 
�7�K�H���Z�K�R�O�H���S�U�R�J�U�D�P���L�P�S�O�H�P�H�Q�W�H�G���L�Q���O�D�V�W���������P�R�Q�W�K�V��
�K�H�O�S�H�G�� �H�O�L�P�L�Q�D�W�L�Q�J�� �V�R�P�H�� �R�I�� �W�K�H�� �X�Q�V�D�I�H�� �F�R�Q�G�L�W�L�R�Q�V 
and incorporate few affirmative safety practices ��
�O�L�N�H�� �S�H�U�V�R�Q�V�� �V�W�D�U�W�H�G�� �X�V�L�Q�J�� �P�D�Q�K�R�O�H�V�� �G�X�U�L�Q�J�� �Y�H�K�L�F�O�H��
�P�R�Y�H�P�H�Q�W���N�H�H�S�L�Q�J�� �D�� �P�L�Q�L�P�X�P�� �G�L�V�W�D�Q�F�H�� �I�U�R�P�� �D��
�P�R�Y�L�Q�J�� �Y�H�K�L�F�O�H�� �D�W���Z�R�U�N�S�O�D�F�H���V�X�S�S�R�U�W�L�Q�J�� �W�K�H���I�U�H�V�K�O�\��
�H�[�S�R�V�H�G�� �U�R�R�I�� �W�L�O�O�� �O�D�V�W�� �R�Q�H�� �E�O�D�V�W etc. Some 
encouraging facts and information which were 
gathered during monitoring and evaluation of 
efficacy of SMP implementation are depicted 
below:    
1. It was observed that, �W�K�H�� �X�Q�V�D�I�H�� �D�F�W��is �D�� �P�D�M�R�U��
�V�R�X�U�F�H��of accident���D�Q�G���P�R�V�W���R�I���W�K�H���X�Q�V�D�I�H���D�F�W�V���Z�H�U�H��
�E�H�L�Q�J�� �P�D�G�H�� �E�\�� �W�K�H�� �Q�R�Q�� �F�R�U�H�� �Z�R�U�N�H�U�V���,�W�� �L�V�� �D�O�V�R��
�L�Q�W�U�H�V�W�L�Q�J�� �W�R�� �Q�R�W�H�� �W�K�D�W�� �W�K�H�� �W�U�D�G�H�Vme�Q�� �S�O�D�\�H�G�� �D�� �Y�L�W�D�O��
�U�R�O�H in all these accidents,the persons with unsafe 
act were fully aware of the right procedure.Yet to 
save their time and hard work,they decided a 
shortcut. 
2. There is another peculiar similarity in all these 
accidents.It is not the person who makes an unsafe 
act is affected, rather it is one of his crew member 

Risk 
Rating Conequences Exposure Probability  
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who had faith on his ability got the injury.It points 
to the fact that we should not emphasize only on our 
supervisors for SOP but it is necessary that a 
tradesman like a mechanic,electrician,operator etc 
who take a decision on spot are to be focused on 
reducingthe unsafe acts.  
3. This is also challenging as one unsafe act by a 
person jeopardizes the safety of many other 
workers.The elimination of unsafe act requires 
identifying workers with such inclinations.This may 
be done by identifying through proper supervision, 
administration of a set of questionnaireto evaluate 
risk perception and past records ofaccident-
involving workers. 
4. A list of lead indicators like numbers of training 
classesconducted, evaluation of workers risk 
perception and empathy of SMP etc. will help in 
identifying the gaps.However, the present system of 
recognition is generally based on lag indicators like 
the number of accidents in last few years, man �G�D�\�¶�V 
lost etc. do not bestow enough motivation for 
proactive work through risk assessment.The safety 
management plan requires a proactive approach.The 
list of hazards itself gives a goal on eliminating the 
hazards.The hazards whose existing risk index is 
low can be a set of target for putting it into high 
existing risk control index.Certain new hazards 
could be identified in the process or may be SOP of 
a process should be revised.However, it is  required 
that the involvement of all stakeholders should be 
given serious attention to the extent of implication 
of such proactive approach; otherwise the process of 
safety management will remain an exercise on paper 
and not propagate in right way. 
 
1.6 Conclusion 
The present way of recognizing  the  safety 
performance  over previous year is a postmortem 
and is not useful in present day scenario .The better 
way would be to recognize the lead indicators also 
in form of identifying new hazard,bringing about a 
change in standard operating procedure,bringing an 
existing risk control indexes from low to high etc. 
However the present implementation is based 
mostly on classroom training which is not a very 
effective way.People hardly retain 20% of what 
they have been educated about. There is a need for 
audio visual effect in the training. The world of 
virtual reality and digital monitoring of lead 
indicators and critical control could be an effective 
step towards its implementation.There is a lot of 
scope of creativity has been observed in the 
implementation stage. We could have a risk 
budget,something like a dose budget in the 
mine.We should also be eager to know about how 

other industries are implementing it.Banking 
industry is one of the risky industries and has 
successfully utilized the modern technology in 
implementing the risk management. The SMP is 
still a personality based system in mining industry 
and will require a lot of time and effort to 
internalize and institutionalize it. It is the right time 
to institutionalize the change. The workers are well 
informed and they fully understand the benefit of 
this change. The process of implementation has also 
been started. Though it is still difficult, as most 
people do not recognizes not implementing SMP as 
a threat. The faster we change the better is for the 
organization. The older method of issuing internal 
circular to implement the change now does not 
work. The only way to bring about the change is 
communication and participation. There is need to 
provide incentives and recognition for 
implementing SMP to motivate the workers in shop 
floor level.  
 
1.7 References: 
1. Mitchell, R. J., Driscoll, T. R. et al. (1998): 
�³�7�U�D�X�P�D�W�L�F�:�R�U�N-related Fatalities Involving 
�0�L�Q�L�Q�J�� �L�Q�� �$�X�V�W�U�D�O�L�D���´Safety Science, 29(2), 107-
123. 
2. �3�D�X�O���� �3���� �6���� �D�Q�G�� �0�D�L�W�L���� �-���� �0���� ���������������� �³�0�L�Q�H��
Accident Data Analysis (MADA) for Identifying 
Countermeasures towards Better Safety 
�3�H�U�I�R�U�P�D�Q�F�H�´����The Indian Miningand Engineering 
Journal, vol.40, No.12, pp.47-53. 

 
3. Falguni Sarkar, P. S. Paul and Prasad Prabhat 
Kumar �³�$�Q���L�Q�Y�H�V�W�L�J�D�W�L�R�Q���R�I�� �P�L�Q�H�� �D�F�F�L�G�H�Q�W���L�Q�F�L�G�H�Q�W��
data andimplementation of safety management 
system to minimizethe risk in a trackless 
underground hard rock mine� ,́ Journal of mines, 
metals & fuels, Vol. 64, No.4, APRIL 2016 page no 
80-85 

 
4. Miller, W. K. (1975). Analysis of Truck 
Related Fatalities and Disabling Injuries at Metal 
andNon-metal Surface Mines, MESA Report No: 
IR 1022, pp. 8. 

 
5. DGMS (Tech.) (S&T) circular No.5 dated 
2/4/2016 
 
6. Apex OH&S Manual, Occupational Health & 
SafetyManagement System (2015): IS 18001:2007 
Edition 4 ofcase study mine. 
 
 
 



[5] 
 

1.1  Scale for Rating
 

Table-1 

Consequences Scale Exposure Scale Probability Scale 

Several dead 5 Continuous 10 May well be expected 10 

One dead 1 Frequent (daily) 5 Quite possible 7 

Significant 
chance of fatality 0.3 Seldom (weekly) 3 Unusual but possible 3 

One permanent 
disability / less 
chance fatality 

0.1 Unusual (monthly) 2.5 Only remotely possible 2 

Many lost time 
injuries 0.01 Occasional (yearly) 2 Conceivable but unlikely 1 

One lost time 
injury 0.001 Once in 5 years 1.5 Practically impossible 0.5 

Small injury 0.0001 Once in 10 years 0.5 Virtually impossible 0.1 

  Once in 100 years 0.02   

Risk Ratings = Consequences x Probability x Exposure 
 

Table-2 

Sl.No Percentage of work persons employed Impact assessment of exposure 

1 >40 Maximum 

2 >20-40 High 

3 >10-20 Medium 

4 >5-10 Low 

5 �”�� Very low 

 

Abbreviations: 

�¾ RSP�����5�H�O�H�Y�D�Q�W���V�W�D�W�X�W�R�U�\���S�U�R�Y�L�V�L�R�Q�¶�V �¾ DGC: DGMS circulars 

�¾ MG: Management guidelines �¾ ERCI: Existing risk control index 

�¾ RES: Responsibility �¾ MED: Medium 

�¾ REG: Regulation of metalliferous mines 
regulations,1961 

�¾ RUL(T): Rule of mine vocational training rules 
1966 

�¾ SOP: Standard operating procedure �¾ HAZ: Hazard 

�¾ CONS: Consequence �¾ EXPS: Exposure 

�¾ PROB: Probability �¾ YF : Yellow Flag 

�¾ IAF : Immediate Action Flag  
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Table-3 

HAZARD - �€�2 �$�/� �š���&�/�€�Œ�!�`�“���˜�E�Š�/�“�E�  ,���ž�/�l�™�×�›�˜ �E�Š�/�“�E�   

Sl.No �•�•�š�! �$�i���™�! 

�•�•�š�/���€�'���‚�Ž�“�! 

�Ñ�Š�Ü�”�Ž�" 
�”�Ð�š�Ž�!�˜ 

�•�•�š�/���€�/ ��

� �!�˜�“�/��

�˜�+�‡�×�‘�‚�" 

� �à�—�!�•�“�! 
�•�•�š�/���€�!��

�š�/�Ñ�Š�2�‚ 

HCM1 
�`�°�•�/���¡�Õ�f���›�*�¡�/���™�!��

�‘ �×� �š�/��� �!�˜�!�“��� �/����

�…�*�Š�����›�‚�“�! 

�€�2 �$�/� �š���€�!���]�`�Š�›�/�Š��

�•�!�ã�•���–�2�‘���“�!���€�š�“�! 
5 3 10 150  

HCM2 
�€�!�˜���€�š�•�/��� �˜�™��

�i�•� �›�“�!  

�•�/�›�����"� ���€�!���‹�$�€��� �/��

� �•�!�_���“�¡�#�2���¡�*�“�/��� �/ 
0.1 3 7 2.1  

HCM3 
�Ò�–�‡�›�#���€�!���ˆ�Š�€�!��

�›�‚�“�!  

�è�Š�!�Š�[�š���Ô�è�•�…���˜�E���Œ�E�‡�š��

�–�*�Œ�[���€�*���“�¡�#�2���›�‚�!�“�/��

� �/ 

1 3 10 30  

HCM4 �‡�›�“  

�…�›�•�/���˜�ž�"�“���€�*��

�•�Õ�š�2�•���–�2�‘���€�š�€�/ ���€�!�˜��

�€�š�“�! 

0.1 3 10 3  

�‚�š�˜���•�/�›��� �/ 0.1 3 10 3  

HCM5 
�˜�*�Š�š���€�*���g�ž�Ý�Š��

�€�š�•�/��� �˜�™���…�*�Š��

�›�‚�“�!  

�˜�*�Š�š���€�*���”�"�†�/ ���€�š�•�/��

� �˜�™���›�€�°�"���€�!��� �¡�#����

�Ô�è�›�”�š���€�!���“�¡�#�2���¡�*�“�! 

0.1 2.5 10 2.5  

�–�!�°�"(Crow Bar)���€�!��

�\�…�!�“�€���Š�×�Š�“�! 
0.1 2.5 1 .25  

�\�€�Õ�ž�›���•�å�™�Ô�È�•���€�!��

�¡�*�“�! 
0.1 2.5 7 1.75  

HCM6 
�Ð�š� �"�•�š���Š�G�€���™�!��

� �/�Ý�Š�#���•�!�ã�•���€�/ ��

�•�Š�“�/��� �/ 

�Ð�š� �"�•�š���Š�G�€���k�š��

�•�!�ã�•�����€�*��� �¡�#��� �˜�™��

� �/���…�/�€���“�¡�#�2���¡�*�“�/��� �/ 

5 5 10 250  

� �/�Ý�Š�#���•�!�ã�•�����‡�!�˜��

�¡�*�“�!���•�•�!���`���l�…�•��

� �˜�™���”�š��� �•�!�_���“�¡�#�2��

�¡�*�“�! 

5 5 10 250  
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Table-4 

�&�2�1�7�5�2�/���3�/�$�1-���€�2 �$�/� �š���&�/�€�Œ�!�`�“���˜�E�Š�/�“�E�  ,���ž�/�l�™�×�›�˜ �E�Š�/�“�E�   
MECHAN

ISM 
CONTROL RES/DGC

/MG 
PROCEDURE ERCI RES COMMENTS 

�`�°�•�/���¡�Õ�f���›�*�¡�/���™�!���‘�×� �š�/��� �!�˜�!�“��� �/�����…�*�Š�����›�‚�“�! 

�w�e �§�§�š�’���w�ž��
�h�k�•�”�§�•��
�—�ž�h�—���Ž�e�ˆ���Š�ž��
�w�’�Š�ž 

�w�e�§�§�š�’�•�v�•�§�Š�v�š�•�§�—�E�§�‡�•
�h�k�•�”�§�•�—�ž�h�—��

�w�«�Ž�e�ˆ�w�’�Š�ž�|�ž�Ÿ�›�q | 
 

MG 

�w�e�§�§�š�’�•�v�•�§�Š�v�š�•�§�~�ž�†�§�›� �š�—�E�§�‡
�•�h�k�•�”�§�•�—�ž�h�—��
�w�«�Ž�e�ˆ�w�’�Š�ž�|�ž�Ÿ�›�q�v�’�c�”�«�Œ�ž
�i�Œ�š�§�›�—�ž�w�«�Ÿ�§�Š�w�’�ˆ�§�Š�ž�|�ž�Ÿ�›�q

�†�•� �w�ž�•���˜�¡�h���w�’�Š�ž�|�ž�Ÿ�›�q | 

�\�l�’�€  

� �/�È�ž�“���^�2�…�!�‡�[��

�.�"�g� � �"�ƒ�*�Ÿ, 

�˜�0�€�/ �Ó�“�€�� 
 

Critical 
Control 
(YF) 

�€�!�˜���€�š�•�/��� �˜�™���i�•� �›�“�! 

�†�§�”���•� �š���w�ž��
�‚� �w���š�§��

�š�•�ž�j���Š�›�m��
�›�«�Š�§���š�§ 

�w�ž�•�w�’�Š�§�š�§�Œ�¢�Ž�E�†�§�”�‘�ž�•� 
�¶�Ÿ�y�’�ž�_�h�›�¨�†�«�k�š�§�g

�R�}� �†�’�›�š�ž�¹�w�’�”�w�·� 
�w�ž�Ž�¡�’�ž�ˆ�ž�Ÿ�}�’�w�ˆ�§�Š�ž�|�ž

�Ÿ�›�q | 

MG 

�w�ž�•�w�’�Š�§�š�§�Œ�¢�Ž�E�†�§�”�‘�ž�•� �¶�Ÿ�y
�’�ž�_�h�›�¨�†�«�k�š�§�g�R�}� �†�’�›�š�ž
�¹�w�’�”�w�·� �w�ž�Ž�¡�’�ž�ˆ�ž�Ÿ�}�’�w�ˆ�§

�Š�ž�|�ž�Ÿ�›�q | 

�\�l�’�€  

� �/�È�ž�“���^�2�…�!�‡�[��

�.�"�g� � �"�ƒ�*�Ÿ, 

�˜�0�€�/ �Ó�“�€�� 
 

In 
Practice 

 

�Ò�–�‡�›�#���€�!���ˆ�Š�€�!���›�‚�“�! 

�m�•�ž�•�E�’��
�Ÿ�m�—�|���•�v��

�ƒ�v�~�’���Ž�«�ƒ�E��
�w�«���Š�›�m��
�”�y�ž�Š�§���š�§ 

�Œ�¢�’� �†�’�›�š�§�w�e �•�•�E�›�«�Š�ž
�|�ž�Ÿ�›�q�w�ñ�Œ�ž�—�’�w�•�ž�_�h

�›�¨ 
 

MG 

�w�ž�‘�E�˜�¡�g�h�†�w�’�Š�§�š�§�Œ�¢�Ž�E 
electrician �w�«�Ž�¡�”�ž�w�’main 
switch�w�«�s�•�w�’�—�ž�Š�ž�|�ž�Ÿ�›
�q 

�i�š�w�§ �Ž�ž�ˆ�ƒ�v�~�’�Ž�«�ƒ�E�w�« 

�”�•�w�Ž�ž�Š�ž�|�ž�Ÿ�›�q I 

�\�l�’�€  

� �/�È�ž�“���^�2�…�!�‡�[��

�.�"�g� � �"�ƒ�*�Ÿ, 

�˜�0�€�/ �Ó�“�€�� 
 

In 
Practice 

 

�‡�›�“  
�|�”�†�§��

�•�˜� �Š���w�«��
�†�¡�’�e�†���Ž�e�ˆ��

�w�’�w�§ ���w�ž�•��
�w�’�Š�ž 

�w�e �§�§�š�’��
�‚�e�ƒ�ž�›�«�Š�§�w�§ �Ž�ž�ˆ�›� �w�ž�•�w

�’�Š�ž�|�ž�Ÿ�›�q 
 

MG 

�w�e �§�§�š�’�Ž�e�ˆ�w�’�w�§ �w�¡ �}�š�•�‘�w�§ 
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IMPLEMENTATION AND ENHANCEMENT OF SAFETY MEASURES IN 
SST-1 CRYOGENIC SYSTEM 
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�$�%�6�7�5�$�&�7�� 
At IPR, In SST-1, cryogenic division have two 
sections, one is 4.2 K and other 77 K temperature 
fluid section that is used for cooling of 
superconducting materials coils, reducing the heat 
load. There are various sub-system of cryogenic 
helium plant which needs attention and regular 
inspection with respect to safety concern for 
working personnel and prevention of damages of the 
systems. The concerned sectors of cryogenic systems 
are namely, high pressure of 150 bar (g) in helium 
gas pressure vessels, safety mountings as safety 
valve, rupture disc and NRV, LHe and LN2 fluid 
cryogenic transfer lines, Thermal and vacuum 
insulation in system, 80 K vent line, high pressure 
helium gas cylinders for filling and testing, low 
temperature lab experiments at 4.2 K and 77 K, 
helium leak tightness test at cryogenic temp and 
high pressure. Cryogenic division strictly follow the 
safety guidelines, practice, norms and Rules, use of 
safety protective equipments, regular inspection, 
monitoring during operation, maintenance and 
testing of systems. Implementation of safety 
procedure, norms and equipments enhances the 
safety culture with zero accident. In this paper, we 
present the experience of actual problems occurred 
and its rectification with safety aspects, lesson 
learnt in different sub-system of cryogenic system. 
 
Keywords: cryogenics systems, 4.2 K and 77 K 
temperature, helium leak tightness, safety equipments 
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In the described various sub-systems of cryogenic 
plant, mandatory various safety devices have 
been installed which protect and create safe 
working environment. Safety concern is more 
severe at cryogenic temperature due to huge 
density variation of cryo fluids from liquid to gas 
conversion state. The following are the safety 
equipments installed on the systems are listed 
under- 
 (a) The high-pressure safety valves which is 
integral parts of integrated flow distribution 
system of cryogenic system, its function is to 
release the helium gas at the time of quench at 15 
bar (g) pressure in SC magnets and transfer 
helium gas to connected recovery pressure 
storage tank (b) LN2 Cryogenic transfer line with 
vacuum evacuation port and safety valve of 80 K 
distribution system, 80 K vent line with cryogenic 
thermal insulation (c) High pressure helium gas 
storage vessels sealing at 120 bar (g) in RTJ 
�J�D�V�N�H�W���� ������ �E�D�U�� ���J���� �L�Q�� �$�1�6�,�� �������� �I�O�D�Q�J�H�V�� �µ�2�¶�� �U�L�Q�J��
sealing, hand valves, rupture disc and safety 
valve circuit, 40 NM3 gas bag equipped with auto 
ON/OFF filling and rupture disc at 1.040 bar(g) 
(d) Rupture disc, NRV (Non return valve) and 
safety valve at pressure at 1.3 bar (a), cold 
helium vapour of Main Control Dewar of LHe 
fluid. (e) Spring loaded safety valves in 2 stages, 
pressure relief valves, rupture disc, cryogenic 



�� 
 

bellows to take care of high pressure, thermal 
contraction and induced thermal stresses in the 
system (f) Laboratory LHe and LN2 Dewars with 
inbuilt safety valve, relief valve and rupture disc  
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During and after the operation of SST-1 machine,   
following problems were observed, analysis of its 
happening causes, rectification, testing of 
components separately and along with system in 
operating conditions were carried out for solutions. 
(i) Huge frosting and condensation observed in 
many sections of main LN2 cryogenic transfer line 
and sub-cooler vessel (ii) LN2 cryogen dripping out 
from the evacuation port of main LN2 cryogenic 
transfer line and 80 K main vent line (iii) Helium 
leaks of order of 10-2   to 10-4 mbar-l/s were 
observed in sub-system as in safety valves, rupture 
disc, ANSI gasket flanges of high pressure valve, PU 
connectors. Helium gas losses and leakages 
confirmed by gas storage SCADA data and leak test 
using Mass Spectrometer and helium bagging 
method (iv) Oil leakage in ferrule assembly of 
helium compressor unit at 14 bar (a) 

The helium leakage and failure reasons were 
analyzed to reach root cause for proper rectification 
and non-repetition of same problem occurrence are 
listed under. 
(i) Condensation in cryogenic transfer lines and 
section, vessels due to vacuum level degradation in 
annual space or pressure rise due to high suspected 
air leaks (ii) LN2 fluid leakage in cryo transfer line 
could be due to failure of inner Bellows, Inner pipe 
contract and exert forces on outer jacket pipe at 77 
K and induced thermal stresses and strain due to 
temperature cycles. 
(iii) External Helium leakages in safety valve due to 
connector thread worn, inner seal damage, set 
pressure changes due to spring constant varies, 
more pressure (> 10% of operating) at safety valve 
outlet, uneven tightening of flange joints, PU tube 
enlarges at pressure condition and aging criteria 
effect of material deterioration in Rubber gasket 
seals.  
 
INVESTIGATION, RECTIFICATION AND 
IMPLEMENTATION OF SAFETY ASPECT IN 
SYSTEMS 

The described sections are the repairing and 
solution procedure to the respective systems 
considering the safety aspects of working 
manpower and equipments. 
 
���L���� �/�H�D�N�D�J�H�� �L�Q�� �/�1�����0�D�L�Q�� �&�U�\�R�J�H�Q�L�F�� �7�U�D�Q�V�I�H�U��
�/�L�Q�H�� 
 
The vacuum puppet valve assembly of evacuation 
port of leaked section was found missing that 
indicates the inner process pipe leakage. The 
cryogenic bellows was found leakage of inner 
section of line confirmed by helium leak test and 
physical crack in convolution of bellows. The new 
tested bellows has been installed [1] in the 
process line by cutting and welding of transfer 
line assembly in two-half sections as shown in 
figure 1 (a), 1 (b) and 1(c). 

 
(a) 

  
             (b)                                 (c) 
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���L�L���� �/�H�D�N�D�J�H�� �L�Q�� �P�D�L�Q�� �Y�H�Q�W�� �/�1���� �O�L�Q�H�� �R�I�� ������ �.��
�G�L�V�W�U�L�E�X�W�L�R�Q���V�\�V�W�H�P���R�I���6�6�7-���� 

The leakage was found in 80 vent line section of 
near NRV valve seal assembly. The leaked 
section was taken to ground for repairing. In-
house developed dissimilar material sealing 
(Indium, PTFE and SS) was replaced as shown in 
figure 2(a), 2(b) and 2 (c).  
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���L�L�L���� �5�H�S�O�D�F�H�P�H�Q�W���� �7�H�V�W�L�Q�J�� �D�Q�G�� �,�Q�F�R�U�S�R�U�D�W�L�R�Q�� �R�I��
�6�D�I�H�W�\�� �Y�D�O�Y�H�� �D�Q�G�� �1�5�9�� �L�Q�� ������ �.�� �G�L�V�W�U�L�E�X�W�L�R�Q��
�V�\�V�W�H�P 
 
During the leak testing, back pressure of helium gas 
on the safety valve at outlet ports was noticed, which 
may affect spring alignment and caused degradation 
of the metal seat. To rectify this issue, the union 
threaded seal assembly was developed and installed 
NRV (Non-Return valve of 2-3000 psi capacity of 20 
mm, 25 mm sizes in Return circuit of flow 
distribution system which prevented the excess back 
pressure on safety v/v (< 10% as per API 520) and 
mitigated the external leaks to Helium leak rate: < 
2.5 x 10-6 m bar- l/s at 14 bar (g) that confirmed by 
sniffer mode test as shown in figure 3 (a), 3(b), 3(c). 
 

   
       (a)                    (b)                               (c)  

FIGURE3. (a) COLD TEST OF SAFETY VALVE (b) 
SAFETY VALVE LEAK AND SET PRESSURE TEST 
(c) SAFETY VALVE AND NRV IN IFDC SYSTEM 

 
���L�Y�����,�Q�V�W�D�O�O�D�W�L�R�Q���R�I���&�U�\�R�J�H�Q�L�F���7�K�H�U�P�D�O���,�Q�V�X�O�D�W�L�R�Q��
�D�Q�G�� �(�Y�D�F�X�D�W�L�R�Q�� �R�I�� �&�U�\�R�J�H�Q�L�F�� �7�U�D�Q�V�I�H�U�� �/�L�Q�H�V�� �R�I��
�������.���'�L�V�W�U�L�E�X�W�L�R�Q���R�I���6�6�7-�� 
 
To improve the thermal performance and reduced 
the losses in LN2 vent lines, the cryogenic grade 
thermal insulation [2] has been installed and 
replaced of various sub-systems of 80 K distribution 
of SST-1 as shown in figure 4(a), 4(b), 4(c) and 4(d). 

In double walled vacuum jacketed lines found the 
vacuum level degradation < 10-1 mbar that 
resulted huge condensation and frosting in 
transfer line sections. All f vacuum ports has been 
�H�Y�D�F�X�D�W�H�G���X�S���W�R���”�������[������-3 mbar and pressure rise 
is < 10-2 mbar in 24 hours was observed and 
acceptable 

  
(a)                                           (b) 

  
(c)                                            (d) 
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���Y���� �&�U�X�F�L�D�O�� �+�H�O�L�X�P�� �/�H�D�N�V�� �L�Q�� �&�U�\�R�J�H�Q�L�F�� �6�X�E-
�6�\�V�W�H�P�V���R�I���6�6�7-�� 
 
There are many sub-systems connected to the 
cryogenic helium system where the helium leak 
tightness is major concern; failing or leaking the 
seal joints beyond the permissible limit affects the 
operation and huge amount loss of precious 
helium gas.  

Helium leakage found of order of 10-2 to 104 mbar 
l/s in various sub-systems, namely, Rupture disc 
[3] in high pressure vessel, external leak in safety 
valve ring of 150 ANSI flanges of high pressure 
vessels [4], ferrule PU connectors of flow 
measurement as shown in figure 5 (a), 5(b), 5(c), 
5(d) and 5(e). The rectification of leaks was 
attempted by repeatedly tightening the assembly, 
replacement of seals, replacement of PU 
connector to SS connector wherever required. 
Average Helium leak rate has improved to better 
than 5.0x 10-6 mbar-l/s after repairing confirmed 
by sniffer mode test. 
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(a)                         (b)                       (c)  

 

   
(d)                                        (e) 
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(vi) Oil Leakage in Ferrule Connection of Helium 
Compressor Station Oil Unit 
 
�'�X�U�L�Q�J�� �R�S�H�U�D�W�L�R�Q���� �R�L�O�� �O�H�D�N�D�J�H�� �Z�D�V�� �R�E�V�H�U�Y�H�G�� �L�Q�� �W�K�H��
�K�H�O�L�X�P�� �F�R�P�S�U�H�V�V�R�U�� �R�L�O���X�Q�L�W�¶�V�� �I�H�U�U�X�O�H�� �D�V�V�H�P�E�O�\�� �D�W�� ������
�E�D�U�� ���J���� �S�U�H�V�V�X�U�H�� �D�V�� �V�K�R�Z�Q�� �L�Q�� �I�L�J�X�U�H�� �����D������ �����E���� �D�Q�G��
�����F�������7�K�H���S�U�R�E�D�E�O�H���U�H�D�V�R�Q�V���F�R�X�O�G���E�H���W�X�E�L�Q�J���V�O�L�S�S�D�J�H����
�W�X�E�L�Q�J�� �,�'�� �F�R�P�S�U�H�V�V�L�R�Q���� �P�X�F�K�� �Y�L�E�U�D�W�L�R�Q���� �W�L�J�K�W�H�Q�L�Q�J��
�Q�X�W�� �G�D�P�D�J�H���� �D�J�L�Q�J�� �H�I�I�H�F�W�� �D�Q�G�� �I�D�W�L�J�X�H�� �R�I�� �W�K�H�� �I�H�U�U�X�O�H��
�V�H�D�O�L�Q�J�� �P�D�W�H�U�L�D�O���� �*�D�O�O�L�Q�J�� �R�Q�� �F�R�P�S�U�H�V�V�L�R�Q�� �I�L�W�W�L�Q�J�V��
�H�W�F���� �7�K�H�� �O�H�D�N�H�G�� �I�H�U�U�X�O�H�� �D�V�V�H�P�E�O�\�� �Z�D�V�� �W�D�N�H�Q�� �R�X�W�� �D�Q�G��
�U�H�S�O�D�F�H�G�� �Z�L�W�K�� �Q�H�Z�� �I�H�U�U�X�O�H�� �V�H�W���R�I�� �O�H�D�N�� �W�L�J�K�W�Q�H�V�V�� �R�I��
�������[����-���� �P�E�D�U�� �O���V�� �D�W�� ������ �E�D�U�� ���J������ �7�K�H�� �V�\�V�W�H�P�� �L�V�� �Q�R�Z��
�Z�R�U�N�L�Q�J�� �V�D�W�L�V�I�D�F�W�R�U�L�O�\�� �L�Q�� ������ �K�R�X�U�V�� �R�S�H�U�D�W�L�R�Q�� �P�R�G�H��
�Z�L�W�K�R�X�W���D�Q�\���W�U�R�X�E�O�H���� 
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ENHANCEMENT OF SAFETY IN 
RESPECTIVE SYSTEMS BY 
IMPLEMENTING THE SOLUTIONS 
 
�$�I�W�H�U�� �F�D�U�U�\�L�Q�J�� �R�X�W�� �W�K�H�� �U�H�S�D�L�U�L�Q�J���� �W�H�V�W�L�Q�J�� �D�Q�G��
�L�Q�V�W�D�O�O�D�W�L�R�Q�� �D�F�W�L�Y�L�W�L�H�V�� �R�I�� �V�D�I�H�W�\�� �H�T�X�L�S�P�H�Q�W�V�� �Z�L�W�K��
�V�D�I�H�W�\�� �J�X�L�G�H�O�L�Q�H�V���� �Q�R�U�P�V�� �D�Q�G�� �L�P�S�O�H�P�H�Q�W�D�W�L�R�Q���� �Q�R��
�X�Q�D�F�F�H�S�W�D�E�O�H�� �H�Y�H�Q�W�V�� �K�D�Y�H�� �E�H�H�Q�� �I�D�F�H�G�� �E�\��
�F�U�\�R�J�H�Q�L�F�� �G�L�Y�L�V�L�R�Q���� �7�K�H�� �I�R�O�O�R�Z�L�Q�J�� �D�U�H�� �W�K�H�� �V�X�E-
�V�\�V�W�H�P�V�� �O�L�V�W�H�G�� �X�Q�G�H�U�� �L�Q�� �Z�K�L�F�K�� �W�K�H�� �V�D�I�H�W�\�� �D�V�S�H�F�W�V��
�K�D�Y�H���E�H�H�Q���L�P�S�O�H�P�H�Q�W�H�G�� 
���L�����+�X�J�H���K�H�O�L�X�P���J�D�V���O�R�V�V�H�V���S�U�H�Y�H�Q�W�H�G���E�\���U�H�S�O�D�F�L�Q�J��
�W�K�H�� �L�Q-�K�R�X�V�H�� �G�H�Y�H�O�R�S�H�G�� �G�L�V�V�L�P�L�O�D�U�� �P�D�W�H�U�L�D�O�V��
�V�H�D�O�L�Q�J�� �L�Q�� �K�L�J�K�� �S�U�H�V�V�X�U�H�� �Y�D�O�Y�H���� ���´�� �V�L�]�H�� ����������
�N�J���F�P���� �E�X�U�V�W�� �S�U�H�V�V�X�U�H�� �U�X�S�W�X�U�H�� �G�L�V�F���� �7�K�L�V�� �D�F�W�L�Y�L�W�\��
�K�D�Y�H�� �S�U�H�Y�H�Q�W�H�G�� �D�Q�\�� �P�L�V�K�D�S�� �R�I�� �U�X�S�W�X�U�H�� �G�L�V�F��
�E�X�U�V�W�L�Q�J�� �I�D�L�O�X�U�H�� �D�Q�G�� �J�D�V�� �O�H�D�N�D�J�H�� �I�U�R�P�� �Y�D�O�Y�H�� �D�W��
�K�L�J�K�� �S�U�H�V�V�X�U�H�� ������ �E�D�U�� ���J���� �S�U�H�V�V�X�U�H�� �G�X�U�L�Q�J��
�R�S�H�U�D�W�L�R�Q�� �R�I�� �K�L�J�K�� �S�U�H�V�V�X�U�H�� �Y�H�V�V�H�O�V�� ���L�L���� �+�H�O�L�X�P��
�O�H�D�N���U�D�W�H���R�I���!���������[������-�����P�E�D�U���O���V���D�W���0�&�'���5�X�S�W�X�U�H��
�G�L�V�F���O�R�F�D�W�L�R�Q���D�Q�G���L�Q���V�D�I�H�W�\���Y�D�O�Y�H���R�I���D�Q�G���0�&�'���D�Q�G��
�K�H�O�L�X�P�� �I�O�R�Z�� �G�L�V�W�U�L�E�X�W�L�R�Q�� �U�H�V�S�H�F�W�L�Y�H�O�\���� �,�Q-�K�R�X�V�H��
�W�H�V�W�L�Q�J���� �V�H�W�W�L�Q�J�� �D�Q�G�� �L�Q�V�W�D�O�O�D�W�L�R�Q�� �R�I�� �V�D�I�H�W�\�� �Y�D�O�Y�H��
�D�Q�G�� �U�X�S�W�X�U�H�� �G�L�V�F�� �K�D�Y�H�� �E�H�H�Q�� �G�R�Q�H���� �7�K�H�� �K�H�O�L�X�P��
�O�H�D�N�V���K�D�Y�H���P�L�W�L�J�D�W�H�G���D�Q�G���O�H�D�N���U�D�W�H���L�V���L�P�S�U�R�Y�H�G���W�R��
�R�U�G�H�U�� �R�I�� �!����-���� �I�U�R�P�� ����-���� �P�E�D�U-�� �O���V�� �D�W�� �D�O�O�� �O�H�D�N��
�O�R�F�D�W�L�R�Q�V���� ���L�L���� �,�Q�Q�R�Y�D�W�L�Y�H�� �V�R�O�X�W�L�R�Q�� �R�I�� �L�Q�V�W�D�O�O�D�W�L�R�Q��
�R�I�� �1�5�9�� �L�Q�� �U�H�W�X�U�Q�� �F�L�U�F�X�L�W�� �S�U�H�Y�H�Q�W�H�G�� �W�R�� �G�D�P�D�J�H�� �R�I��
�V�D�I�H�W�\���Y�D�O�Y�H���D�Q�G���V�D�Y�H�G���V�L�J�Q�L�I�L�F�D�Q�W���K�H�O�L�X�P���J�D�V�����L�L�L����
�9�D�F�X�X�P�� �H�Y�D�F�X�D�W�L�R�Q�� �R�I�� �F�U�\�R�J�H�Q�L�F�� �O�L�Q�H�� �X�S�W�R�� ����-����
�P�E�D�U���� �W�K�H�U�P�D�O�� �L�Q�V�X�O�D�W�L�R�Q�� �R�I�� �F�U�\�R�J�H�Q�L�F�� �J�U�D�G�H�� �R�Q��
�F�R�O�G���Y�H�Q�W���O�L�Q�H�V���D�Q�G���V�H�F�W�L�R�Q�V�����U�H�S�O�D�F�H�P�H�Q�W���R�I���������.��
�Y�H�Q�W�� �O�L�Q�H�� �1�5�9�� �V�H�D�O�L�Q�J���� �U�H-�U�R�X�W�L�Q�J�� �R�I�� �S�K�D�V�H��
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�V�H�S�D�U�D�W�R�U�� �K�\�G�U�D�X�O�L�F�V�� �D�F�W�L�Y�L�W�L�H�V�� �W�K�D�W�� �S�U�H�Y�H�Q�W�H�G�� �W�K�H��
�F�R�Q�G�H�Q�V�D�W�L�R�Q���� �O�H�D�N�D�J�H�� �D�Q�G�� �G�U�L�S�S�L�Q�J�� �R�X�W�� �W�K�H�� �/�1����
�I�O�X�L�G���� �6�D�Y�L�Q�J�� �R�I�� �K�X�J�H�� �D�P�R�X�Q�W�� �R�I�� �/�1�����I�O�X�L�G���� �V�D�I�H�W�\�� �W�R��
�P�D�Q�S�R�Z�H�U�� �D�Q�G�� �S�U�H�Y�H�Q�W�V�� �W�R�� �W�K�H�� �G�D�P�D�J�H�� �R�I��
�H�T�X�L�S�P�H�Q�W�V���� ���L�Y���� �5�H�S�O�D�F�H�P�H�Q�W�� �R�I�� �L�Q-�K�R�X�V�H�� �W�H�V�W�H�G��
�V�D�I�H�W�\�� �Y�D�O�Y�H�� �I�R�U�� �/�1���� �H�Y�D�S�R�U�D�W�R�U�� �F�L�U�F�X�L�W�� �R�I�� ������ �.��
�G�L�V�W�U�L�E�X�W�L�R�Q���V�\�V�W�H�P���W�K�D�W���S�U�H�Y�H�Q�W�H�G���W�K�H���I�O�X�L�G���O�R�V�V���D�Q�G��
�V�D�I�H�W�\���W�R���P�D�Q�S�R�Z�H�U���Z�R�U�N�L�Q�J�� 
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The problems occurred in cryogenic systems which 
have rectified by safety norms, procedure and 
installation of safety equipments. The working at 
cryogenic temperature environment is drastically 
different than working at room temperature. The 
material behaviour, strength, unexpected results at 
cryogenic temperature and high pressure needs 
more attentive and regular monitoring and 
inspection of the systems. Experience of by 
observing vacuum degradation, condensation and 
ice frosting in any section of cryogenic transfer line 
that confirms the leak in transfer line. Various type 
of cryogenic thermal insulation and their behaviour 
as mainly remain flexible at low temperature as 
observed during performance test. Pulse TIG 
welding process adopted by controlling temperature 
to prevent the burring the super insulation of 
cryogenic transfer line, welding weakness as poor 
penetration, inclusion, root porosity etc. remain 
vulnerable to induced thermal stresses and strains 
at cryogenic temperature. Mask and Unmask 
techniques developed to localize the helium leak. It 
was a technical challenge to carry out the tasks at 
12 meter height and in congested space network. All 
the jobs were carried out by using PPEs as safety 
glass and face shield, cryogenic hand gloves, 
Trouser, high top shoes etc. as per the needs. The 
cryogenic division has equipped with Emergency 
shower and emergency breathing air set, Oxygen 
alar and oxygen level monitor system for safe 
working environment.      
 
CONCLUSION 
 
To make safe working environment and handling 
capability in an emergency condition, cryogenic 
division has established and follows the safety 
practice, norms and culture in workplace. The 
various problems occurred in systems during 
running operation has been solved efficiently. The 

performance and validation tests were carried 
out at operating conditions to prevent the 
repetition of problem. Identification capability of 
visual observation of leak probability in cryo 
transfer line. No vacuum degradation, 
condensation and frosting were observed on any 
repaired section of insulated cold lines. The 
leakage and dripping out of LN2 fluid has almost 
prevented in 80 K vent line that saved significant 
amount of fluid. Different types of crucial helium 
leak joints identified and mitigation solutions 
have been implemented to reduce the helium 
leaks. Adopted in-house developed solutions give 
us learning an impact towards preventing the 
degradation of overall system performance. The 
average helium leak orders of 10-2 to 10-4 mbar-
�O���V�� �R�I�� �L�G�H�Q�W�L�I�L�H�G�� �O�H�D�N�V�� �Z�H�U�H�� �L�P�S�U�R�Y�H�G�� �W�R�� �”�� ���[����-5 

mbar-l/s. Performance of all repaired joints 
found in an acceptable limit and has been 
working satisfactorily. This practice ensures us 
safety to manpower and enhanced the 
performance of systems with no occurrence of 
unacceptable events probability.  
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ABSTRACT:  The fuel of nuclear reactor 
undergoes wide range of power & temperature 
transients during normal and off-normal 
conditions e.g. postulated condition of Loss Of 
Coolant Accident followed by actuation of 
Emergency Core Cooling System, reactor power 
set-back & step-back and decay heat generated 
after reactor shutdown. For the design & 
development of reactor safety and safety related 
systems, these transients are simulated in high 
pressure, high temperature and high power 
experimental facilities for generating database 
of vital process parameters under all types of 
operational transients & abnormal conditions 
that can be compared with predictions from 
computer codes thus validating ever-evolving 
and advanced software. Regulated DC electrical 
high capacity power supplies having fast 
response time and precise current stability are 
used in these experimental facilities for 
simulating the power and temperature transients 
expected in nuclear reactors. The typical 
parametric values of high pressure and high 
temperature are of the order of 90 kg/cm2and 
2850C respectively whereas the power 
requirement is in MW per simulated fuel 
channel. The paper presents the safety 
aspects/practices to be followed during the 
operation of these experimental facilities. The 
paper also highlights the procedure for 
installation of such facilities, quality assurance 
and technical audit, vetting by three level safety 
committees, training & requisite operator 
qualification, maintenance practices, provision 
of safety devices including periodical checking 
of alarms and trips for ensuring overall 
operational safety. The practices for fire 
prevention including safety policies for 
conducting in service inspection and annual 
regulatory inspection of experimental facilities 
by experts is also presented. 
 
Keywords: nuclear reactor, high pressure, high 
temperature, high power, safety, experimental 
facility, temperature and power transients   

I.   INTRODUCTION  
The fuel of nuclear reactor experience variety 

of temperature and power profiles during 
normal as well as abnormal conditions e.g. 
postulated condition of Loss Of Coolant 
Accident (LOCA) followed by automatic 
actuation of Emergency Core Cooling System 
(ECCS), reactor power set-back & step-back 
patterns and decay heat generated after reactor 
shutdown. During LOCA, temperature of fuel 
bundle increases due to the loss of coolant, 
following a particular temperature pattern. The 
fuel bundle temperature can be controlled by the 
introduction of ECCS, which brings a downward 
temperature transient. Some time, the power of 
reactor is automatically set-back due to the 
violation of limits on certain parameters like the 
temperature of fuel bundle, etc. After shutdown 
of the reactor, nuclear fission reaction gets 
terminated but the generation of heat due to 
fission caused by delayed neutrons and decay of 
fission products keeps continue, which increases 
the temperature of fuel. For the design & 
development of nuclear reactor safety and safety 
related systems, these profiles are simulated in 
high pressure, high temperature and high power 
experimental test facilities simulating the 
nuclear reactor operating conditions. Generated 
database of important process parameters under 
all sort of operational transients & off- 
conditions, etc. gets compared with predictions 
obtained from computer codes and thus 
validates ever-evolving and advanced software. 
Regulated high power Direct Current (DC) 
source is the preferred choice over Alternating 
Current (AC) source for feeding power to 
simulated fuel channels of the experimental 
facilities due to its several advantages. The DC 
power source should have fast response time, 
precise current stability, high controllability and 
adequate reliability in order to generate the 
required temperature & power profile which 
prevails during above mentioned conditions. The 
facilities are provided with state of art 
instrumentation & control for data acquisition. 



 The simulated fuel channels in these 
experimental facilities is in the form of cluster 
i.e. 19/37 rod cluster for Pressurized Heavy 
Water Reactor (PHWR) type design else 54 rod 
cluster for Advanced Heavy Water Reactor 
(AHWR) type design. The DC power being 
dissipated across these fuel clusters is of the 
order of MW for simulating transients. As the 
fuel is in the form of cluster having overall 
electrical resistance in the order of m�
 , hence, 
the current requirement is in the order of kA to 
meet the power demand. That is why, high 
current, high power DC power sources are used 
in these experimental facilities for feeding power 
to the fuel clusters under simulated conditions of 
nuclear reactors. Several high pressure, high 
temperature and high power experimental 
facilities have been designed, constructed, 
erected, commissioned & are in operation at 
Engg. Hall No.7 of BARC, Trombay complex.     
At present these facilities have been utilized for 
conducting real time experiments for studying 
thermal hydraulic phenomenon, evaluation of 
design margin, high temperature material 
compatibility, thermal ageing behaviour, passive 
safety system, operability of typical reactor 
system & various safety studies relevant to 
nuclear power reactors viz. PHWR, AHWR, 
BWR, PWR, Super Critical Water Reactor 
(SCWR), Compact High Temperature Reactor 
(CHTR), Molten Salt Breeder Reactor (MSBR).  

 

Experimental facilities has been categorized 
as 'A', 'B' & 'C' based on parameter values of 
pressure & temperature and type of process 
fluid and is given below. 

 

1) Category A: High pressure and/or high 
temperature fluid or high hazardous fluid. 

2) Category B: Gaseous fluid of pressure above 
10 Kg/cm2 and low temperature. 

3) Category C: General fluids below 15 Kg/cm2 
and low temperature.  

 

Typical specifications of high pressure high 
temperature exp. facilities are given in Table I. 
 

TABLE: I SPECIFICATIONS OF EXP. FACILITIES 
   

Operating 
Pressure 

Primary System     } 90 kg/cm2 
Secondary System }      (Max) 

Operating 
Temperature 

Primary System     } 2850C 
Secondary System }     (Max) 

Process Fluid DM Water/ Lead Bismuth/ 
Molten Nitrate Salt/ CO2 

Heat Source Pump, Heaters, Electrically 
heated Simulated Fuel Channels 

Category 'A' / 'B' / 'C' 

II. INSTALLATION OF TEST FACILITY  
Certain guidelines related with overall safety 

of the test facility & operating staff has been 
formulated. These facilities follow a rigorous 
safety review process. Following step-by-step 
procedure has been adopted for installation of 
high pressure high temperature test facilities. 

 

1) Proposal for the test facility is to be discussed 
in Operation Review Committee (ORC) for 
feasibility and operation related issues. 

2) Preparation of design & safety documents viz. 
technical specifications, process, mechanical, 
instrumentation, electrical and operation 
manuals including Safety Analysis Report 
(SAR), Process & Instrumentation Diagram 
(P&ID), checklist, Safe Operating Procedure 
(SOP) as per the standard format. 

3) Proposal for safety review is to be put up to 
Local Safety Committee (LSC) along with 
approved design & safety documents 
including Quality Assurance (QA) report. 

4) LSC carries out safety review of test facility. 
Physical verification (as built status) is to be 
carried out along with operation staff. 

5) Recommendations of LSC are forwarded to 
Unit Level Safety Committee (ULSC) for 
further review providing operational 
clearance to the test facility with intimation 
to BARC Safety Council (BSC) authorities. 

6) Commissioning and operation of test facility 
is to be carried out by authorized operation 
staff following approved checklist & SOP. 

7) Experimental test results to be submitted to 
LSC & ULSC for review.   
  

Necessary clearances are also required from 
structural experts to ensure adequate floor 
loading or any civil construction. In case of 
additional fire load due to use of novel material 
or liquid in the facility, due experts are being 
called for detailed assessment. 

      

For any change in either set point/s or 
breaking of pressure boundary or addition/ 
deletion of any equipment/system is to be carried 
out through Engineering Change Notice (ECN) 
which is to be reviewed & cleared by 
LSC/ULSC. 

 

Besides, without any prior intimation, 
Chairman and/or members of safety committee 
may visit the facility areas for monitoring the 
working procedures and safety aspects. Any 
deficiencies/lack of safety procedures observed 
is to be communicated immediately to the 
appropriate authorities for ensuring safety. 



III. ORGANIZATION STRUCTURE FOR 
CONDUCTING EXPERIMENTATION 
Proposal for conducting experiments is to be 

put up to facility/loop coordinator by 
experimenter. Subsequently safety clearance is 
to be obtained from safety committees. 
Recommendations of the safety committees is to 
be incorporated in facility/loop by experimenter 
with support of facility/loop coordinator. Based 
on safety clearance, Head, Experimental 
Facilities Section forwards test matrix to 
operation staff through operation In-charge. 
Facility operates as per procedure, generates 
experimental data & hand over to experimenter. 
Organization structure for conducting 
experiments is shown in Fig.1. 

 

 
  

FIG.1: ORGANIZING STRUCTURE FOR 
CONDUCTING EXPERIMENTS 

 

IV. SAFETY REVIEW PROCESS 
During safety review process, the following 

parameters are mainly considered & reviewed 
by the safety committees.  
1) High pressure flange joints including type of 

gasket material and protecting flange guard 
2) Various weld joints in the facility, welding 

procedure & welder qualification 
3) Adequacy of pressure relieving devices i.e. 

Relief Valves (RV) & Rupture Disc (RD) 
4) Ventilation/exhaust system requirements 
5) Loop piping supports & flexibility analysis 
6) Selection of material for construction of 

facility and its qualification criteria 
7) Adequacy of thermal insulation for high 

temperature pipelines, joints, valves, etc. 
8) Appropriate fire/smoke/heat detectors & 

functioning of fire alarm system 
9) Type of heating & high current power supply 

design including bus duct layout 
10) Test facilities utilizing radioactive material, 

its shielding details & need of Radiation 
Safety Officer (RSO) 

11) Adequate Instrumentation & Control (I&C) 
12) Operator safety during emergency situation       

The experimental facilities have been 
provided with adequate I&C which generates 
safety related alarms & automatic trips at pre-
defined set points for failsafe 24×7 operation 
with minimum operator dependence. The 
facilities also have ultimate safety trip which 
actuate during emergency condition for safe 
shut down of the facility. A centralized control 
room is designed where all the control signals of 
experimental facilities have been brought and 
interfaced with Programmable Logic Controller 
(PLC) & Supervisory Control And Data 
Acquisition (SCADA) System for display, control 
and recording. Redundant hard wire trips are 
also provided in case of failure of PLC/SCADA. 

  

The major facilities are being operated for 
round the clock operation continuously for the 
required duration (even for months together) 
whereas the small facilities are operated for 
one/two shifts in a continuous manner. In all 40 
experimental facilities are currently available 
for operation at Engg. Hall No.7 of BARC. 
During experimentation, if any off-normal 
behaviour is noticed, the facility is brought to 
safe down by switching off the pumps gradual 
reduction of heater power to avoid crash 
cooling. However, during emergency situation, 
immediate switching off the heating sources is 
desired. 

    

V.  QUALITY ASSURANCE, TECHNICAL 
AUDIT, MAINTENANCE PRACTICES, 

TRAINING & AUTHORIZATION  
The quality assurance programme during 

manufacturing of the equipment/systems of the 
facility and subsequently fabrication activities is 
to be strictly implemented by the facility 
coordinator in consultation with LSC & ULSC 
following various safety codes/standards. The 
technical audit of the facility is also need to be 
carried out with the help of subject expert and 
the audit report is to be submitted to safety 
committees for review. All the recommendations 
suggested by LSC/ULSC in this regard are to be 
followed through facility coordinator. 

 

For carrying out modification work, etc. in 
the facility, the appropriate work order & work 
permit is to be issued to concerned maintenance 
(mechanical/electrical/instrumentation) group 
by the operation staff. After satisfactory 
completion of the work, operation staff 
meticulously checks the components/system of 
the facility, check their operation and then 
clears the work order. The operation staff also 



makes a suitable noting in concern log book 
indicating date & time of completion of 
maintenance work. Besides, trip & alarm check 
is performed during commissioning as well as 
prior to operation of facility which is shut down 
for more than six months.  

 
All operators including supervisors has to 

undergo a formal training programme in which 
they need to undergo the theoretical classroom 
training followed by on-the-job training 
including walkthrough exercise & clearance of 
checklist. Written examination follows by viva 
voce has to be conducted for evaluating the 
performance of entire operation staff. Besides, 
periodically i.e. once in two years, the operation 
staff should undergo requalification tests.  

 

VI.  IN-SERVICE & REGULATORY 
INSPECTION, UNUSUAL EVENTS & 

IMPLEMENTING RECOMMENDATION 
In Service Inspection (ISI) of experimental 

facilities by authorized agency is to be carried 
out to find out the ageing phenomenon if any due 
to operation of experimental facilities at their 
rated conditions. Major high pressure high 
temperature facilities which are being operated 
for several years on regular basis are mainly 
subjected to ISI. Non Destructive Testing (NDT) 
is to be conducted for most critical equipment, 
components, structure, etc. ISI procedure is to 
be executed as per well defined codes. 

 
Regulatory Inspection (RI) of experimental 

facilities by expert group is mandatory once in a 
year to review the operational safety aspects i.e. 
history of the facility. The log book entries and 
the operational experience get checked by 
carrying out the physical inspection of the 
equipment/systems of the experimental facility. 
The RI recommendations have to be strictly 
complied at the earliest. 

 
  During the operation of the facilities, 

occurrence of unusual events like steam leakage 
from the flange joint, actuation of relief valve 
due to over pressure, failure of class IV power 
supply, etc. might happen. The operator action 
immediately after the event is very much vital to 
ensure safety of the facility including reporting 
of unusual event. In view of this, these events are 
to be thoroughly investigated by the safety 
committees & the experts. The recommendations 
suggested are to be immediately implemented in 
the facility before further operation of facility. 

The facility coordinator has to ensure that such 
type of unusual events shall not repeat in future. 

  

At the time of occurrence of these unusual 
events, the operator who might be around the 
facility has to protected by the use of Personal 
Protective Equipment (PPE) like wearing steam 
suit, goggles, helmet, ear muff, safety shoes, 
hand gloves, etc. These PPE’s should be of 
reputed make and tested for their duties. 

  

Besides, adequate fire extinguishers and fire 
alarm system is to be provided in the required 
locations of experimental test facilities. Fig.2 
shows the photographs of high pressure high 
temperature and high power experimental 
facilities operating at Engg. Hall No.7 of BARC.  

 

  
 

FIG.2: HIGH PRESSURE HIGH TEMPERATURE 
HIGH POWER EXPERIMENTAL FACILITIES 

 

VII. SAFETY PRACTICES FOR FIRE 
PREVENTION IN HIGH PRESSURE HIGH 

TEMPERATUTE TEST FACILITIES 
1) Use minimum possible combustible material 

during construction of experimental facilities. 
2) Confine the hazardous operation i.e. use 

enclosure cabins for Liquid Metals test 
facility, Molten Salts test facility, etc. 

3) Use compatible materials for working fluid of 
the facility to provide structural integrity. 

4) Use FRLS/XLPE cables instead of PVC 
cables. 

5) Segregate power cable & control cables and 
lay them in separate trays.   

6) Design the ventilation system as per the heat 
load of the test facility to prevent temperature 
rise of the surrounding during operation. 

7) Provide adequate thermal insulation over the 
high temperature surfaces of the facility. 

8) Tighten the bus bar nut-bolts periodically to 
avoid overheating due to increase in contact 
resistance. 

9) Provide fire fighting training to the operators. 
10) Keep oil filled transformers in open area/ 

outdoor to reduce fire load near the facility. 



11) Provide standing fire orders to take actions 
in case of fire by designated people of the 
facilities. Display of emergency contact nos. 

12) Provide Fire Alarm (FA) detection and 
Public Address (PA) system & carry out 
periodical testing.  

13) Carry out detailed fire audit of the test 
facilities under operation. 

14) Provide emergency exit for the test facilities. 
15) Maintain good housekeeping to avoid dust 

accumulation over electrical equipments. 
16) Provide sufficient fire extinguishers at 

appropriate locations. 
17) Provide water hydrant system in emergency. 
18) Keep appropriate PPE in plant area in case 

of fire emergency. 
19) Use Fire Retardant & Heat Resistant full 

body suit while working inside enclosure 
cabin of Molten Salt/LBE facilities in case of 
an emergency. 

20) Provide ELCB/MCB for the electrical 
equipment to prevent fire due to short circuit. 

21) Do not block path towards electrical panels 
as it may be required to put off in case of fire. 

 

VIII. SAFETY DURING FEEDING HIGH 
POWER TO EXPERIMENTAL FACILITY 

Following points are to be ensured during 
feeding of high power for experimental facilities. 

 

1) Provision of electrical isolation: The power 
should be applied across the end terminals of 
the fuel cluster. Hence, the end connections 
of fuel cluster with rest of the piping's should 
be electrically isolated with the help of 
electrical insulating material such that the 
electrical current shall be confined within the 
fuel cluster. As appropriate monitoring of the 
on-line health of electrical insulation shall be 
done and the trip is also provided in case the 
health of the insulation gets deteriorated.  

2) Provision of electrical earthing for rest of the 
piping's including the support structure: The 
earthing is to be done minimum at two places 
using bare copper earth strip (size: 50 mm×6 
mm) so that the earth resistance shall be as 
low as possible, preferably less than 0.5 �
 . 
This arrangement is to be done to ensure the 
personal & equipment safety. 

3) The cable joints if any and the bus bar joints 
carrying high currents are to be properly 
made by following suitable bus bar jointing 
procedure as per relevant standard. The bus 
bar joint shall be such that the electrical 
resistance of the joint shall not exceed more 
than 20% of the resistance of the identical 

bus bars without joint. The periodical 
checking of the joint resistance is essential in 
case of such high current bus bar systems. 

4) The appropriate cooling/ventilation system is 
to be provided for the high current power 
source for cooling its power components 
which carries the high current. 

5) The leakage current flowing through the 
piping's, support structure, etc. is to be 
limited to very low values and it should be 
limited up to 5 mA maximum. 

6) As output voltage is low across fuel cluster, 
safety due to voltage is of less concern. 

7) The proper protection devices at the incoming 
AC side and output DC side should be 
provided for the power source such that if the 
set output current exceeds the set limit due to 
any reason, the alarm and subsequent trip 
has been provided maintaining the safety of 
the equipment. 

8) During short circuiting situation, the proper 
protective switchgears provided in electrical 
system will isolate the fault as fast as 
possible. 

9) The overall safety of the experimental facility 
is maintained as required. 

10) The operators have been given proper 
training to operate the facilities in a safe 
manner by following the check lists, etc.              
 

IX. CONCLUSION 
The failsafe operation of high pressure high 

temperature and high power experimental 
facilities is an important task and highly 
responsible work considering the overall safety 
of operating staff and facility equipment/ 
systems. The proper guidelines/safety practices 
mentioned in various safety documents/manuals/ 
standard codes need to be followed strictly to 
ensure healthy operation to avoid any type of 
unsafe/unusual occurrences in the test facility. 
Operator training, walkthrough exercise cum 
authorization has to be conducted periodically 
to meet safety standards/norms. RI of facilities 
needs to be conducted once in a year and 
recommendations should be implemented before 
commencement of further experimentation. ISI 
should be performed after every 4/5 years of 
continuous operation to find out the ageing 
related observations. Any kind of unusual events 
occurred during operation of facility should be 
reported to safety committees and corrective 
measures has to be carried out effectively so that 
such type of events should not repeat in future. 
Operator safety is to be given prime importance.     
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� A Fire Detection & Alarm System is designed 
to sense smoke, excessive heat or fire and provide an 
alert for a particular area of the building/place. The 
type of fire alarm system needed depends on the type 
of storage / building, location and the layout of the 
structure. The fire detection & alarm systems are 
important devices to keep personnel and property safe. 
Proper installation of fire alarm systems is important 
so that the detectors will operate properly and the 
audible and lighted alerts can easily sensitize the 
occupants.  
 
 Fire Alarm System is designed to provide 
round the clock security against fire in the complete 
premises of Nuclear Fuel Complex. A Microprocessor 
based addressable analogue type fire alarm and 
detection system is under use for various 
building/areas to detect and provide alarm signal in 
the main fire alarm panel located in the central control 
room. 
  
 Various types of fire detectors (smoke/heat 
/flame) have been installed in various production 
plants in NFC depending upon type of fire load 
existing. Preventive maintenance and testing of all the 
fire alarm systems and fire detectors are done 
periodically for ensuring the functionality of the 
system as per AERB guidelines.  
 

Further, new fire detectors are being installed 
in new plants / expansion buildings in NFC to meet the 
fire safety requirements. Also possibility of integrating 
video based surveillance systems to the existing Fire 
Alarm System in future. �
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Fire disaster is a great threat to lives and 

property. In a fire emergency, a few seconds 
could save lives. The main objective of the fire 
detection & alarm system at NFC is to safe 
guard human resources and minimizing the 
property loss. Placement of fire detection & 
alarm systems can vary depending on the type 
of fire sensors to be used and the layout of 
buildings. 

�
� A fire alarm system is intended to enable 
a fire to be detected at a sufficient early stage 
so that people who are at risk can be made safe 
either by escaping from the fire or by the fire 
being extinguished (also to prevent extensive 
property damage). The effectiveness of the fire 
detection and alarm system depends on the 
stage of the fire at which it is operated. In 
order for all the occupants to escape without 
too much difficulty, an early alarm should 
operate before escape routes becomes smoke 
logged to such an extent as will cause 
occupants to have difficulty finding their way 
out of the building. 
�
Fire alarm Systems are used to protect life 
and property:  
It protects by: 

1. Detecting a fire at an early stage 
2. Alerting and evacuating occupants 
3. Notifying the relevant personnel 
4. Activating auxiliary functions e.g.: smoke 

controls, lift homing etc 
5. Identifying and guiding fire fighters 
6. Activating the fire extinguishers 

�
Components of fire alarm systems: 
 

1. Fire Detectors (Smoke/Heat/Flame) 
2. Fire Alarm Control Panel 
3. Hooters / Sounders 
4. Manual Call Points 
5. Charger / Battery 
6. Signal Cables 



Types of Fire Alarm Systems: 
 
1. Non-addressable (conventional) fire alarm 
system:  In this the fire detectors are wired to the 
panel in groups known as zone and the identification 
of fire alarm status by zone. Fire detectors indicate 
either “Fire” or “Normal” status only. In this, the 
system only indicates events but without event 
recording features. In this type, the fire alarm 
annunciation enables emergency responders to 
identify the general location, or zone of alarm device 
location. In this type of system, the FAS panel 
indicates the building floor, fire zone or other area 
that coincides with the location of the operating 
alarm initiating device. Alarm initiating devices in 
common area are arranged in circuit or zone. Each 
zone has its own indicator light or display on the 
FAS control panel. When an initiating device in a 
particular zone is triggered, the notification devices 
are activated and the corresponding indicator is 
illuminated on the FAS control panel. This signal 
gives the concerned agencies a better idea of where 
the problem is located. 
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2. Addressable Fire Alarm System:  

 
Addressable fire alarm systems display the 

location of each initiating devices on the FAS control 
panel. This system enables the concerned agencies to 
pinpoint the specific�device that has been activated. 
Addressable system reduces the amount of time that�

it takes to respond to emergency situations. 
These systems also allow the maintenance 
personnel to quickly locate and correct the 
malfunctions in the system. In this, each fire 
detector is provided with an address. 
Indication of fire alarm status is by zone and 
by address. Fire detectors indicate “Fire” or 
“Normal” status. And, it indicates and records 
system events. 

�
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    Typical Addressable Fire Alarm System 
�
3. Hybrid system (Conventional + 
Addressable system):  
 

A Combination of features from both the 
addressable and non addressable 
(conventional) systems. Either built from a 
basic conventional system with add-on 
hardware addressable features by CMM 
modules or built from an addressable system 
with conventional module. This will also have 
event recording and alarm management 
feature. 
�
Types of Fire Detectors:  
 

The fire detectors continuously monitor 
the atmosphere of a building/plant or area. 
When certain changes in the atmosphere are 
detected, such as a rapid rise in heat, the 
presence of smoke, or a flame, a signal is sent 
to the Fire Alarm Control Panel (FACP).    
�

The basic types of fire detectors are those 
that detect heat, smoke and flame.  

The two categories of heat detectors are 
fixed temperature and rate of rise.  



 
Smoke detectors: Two basic methods of smoke 

detection are in use, Photo electric type and 
Ionization type.  
 

Flame detectors: A flame detector is sometimes 
called a light detector. There are three basic types of 
flame detectors: UV flame detectors, IR flame 
detectors & Combination of UV&IR flame detectors. 
 

Multi Sensors Type detectors: These types of 
sensors used for detecting smoke & heat. These 
combinations give the detector the benefit of both 
services and increase their responsiveness to the fire 
conditions.  
 

The above mentioned fire detectors are 
available in addressable type or non-addressable 
(conventional) fire detectors. 
 
Manual Call Point:   
�

Manual call points are used to initiate an alarm 
signal, and operate by means of a simple button 
press or when glass is broken revealing a button. 
They can form part of a manual alarm system or an 
automatic alarm system. There will be an indicator 
on the monitoring unit for visual indication to locate 
the call point easily, and there should be a visual 
identifier of the unit which triggered the alarm, 
typically a mechanical flag which operates on a latch 
and must be manually reset, e.g. by a key.  

 
Selection of Fire Detectors:  
 

The Fire Detection & Alarm System should 
have detectors suited to the risks and the 
environmental conditions so that they provide the 
earliest reliable warning. Each type of detector 
responds at a different rate to different kinds of fire. 

 
Type of Detector Application 

Heat Detectors 
(Fixed & Rate of 
Rise) 

Near heat producing 
equipments such as 
Electrical installations, 
Boiler Houses  

Smoke Detector 
(Ionization Type) 

Residential buildings, 
Offices, computer 
rooms, control rooms, 
suitable for detection 
of rapidly burning 
fires. 

Smoke Detector 
(Optical Type) 

Residential buildings, 
Offices, computer 
rooms, control rooms, 
hospitals, suitable for 

clean burning fires. 

Multi Sensor 
(Smoke/Heat) 
Detectors 

Control Rooms, 
Offices, Furnaces, 
storage area 

Beam Type Smoke 
Detector 

For covering large 
areas with high ceiling 
levels & Combustible 
Oil storage sheds, 
warehouses etc 

Infrared (IR) Flame 
Detectors 

Air ducts, Oil/LPG 
fires, suitable for 
outside applications 

Ultraviolet (UV) 
Flame Detectors 

Metal fires (Zr, Mg 
etc) 

Dual Detector 
(IR&UV) Flame 
Detector 

Oil/LPG/Metal fires  

�

������Different types of Fire Detectors in use at NFC 
�

Installation of Fire Detectors: 
�
� Detailed guidelines for selection, 
installation, system design and maintenance 
etc. (for fire detection and alarm systems for 
buildings, selection/choice of fire detectors 
etc.) are given in relevant 
national/international Standards like IS: 
2189:1999; BS:5839 : Part-1: 1988; NFPA-72 : 
2002 etc. 
 
(i) The systems consist of fire detectors and 
manual call points connected by cables to 
sector / zonal panels which, in turn, are 
connected to FAS Control Panel & Indicating 
equipment. 
(ii) The protected area should be divided into 
zones, each zone covering only one storey of 
the buildings etc. 
(iii)  One of the chief objectives of zoning is 
to make it easier to determine the location of 
fire. 
(iv) A multi-state addressable analogue 
detector system is designed to reduce the 
incidence of false alarms. 
�



Details of Fire Alarm System in NFC: 
 
The Addressable Main Fire Alarm System 

(Kentec Make, 8-Loops System) located at Fire 
Services Control Room connected with nearly 150 
numbers of addressable fire detectors & MCPs 
installed at various plants of NFC. �

�
�

ISO: Isolator, MCP: Manual Call Point, DET: Detector, 
CMM: Contact Monitoring Module, IM: Interface Module 

�

Block Diagram of Fire Alarm System at NFC 
�
Also, nearly 700 numbers of conventional fire 

detectors (Smoke, Heat, Multi Sensor, Beam type 
Smoke Detector, UV/IR Flame Detectors etc), 
sounders/hooters & MCPs were installed in around 
40 production plants / storage sheds / other areas by 
laying cable (1.5sq mm, 2 Core, multi strand,  
shielded, armoured copper cable) of approximately 
25 kilo meters length. These fire detectors / Fire 
Alarm Systems were installed based on AERB/SED 
recommendations to meet the fire safety 
requirements. 
�

 
 
 
 
 
 
 
 
 
 
 
 

Main Fire Alarm Control Panel at NFC 
 
 
 

�

Maintenance of Fire Alarm Systems: 
 

In order to ensure the continues 
availability of Fire Alarm Systems for 
detection of Fire incidents, the following types 
of maintenance activities are regularly 
followed at NFC: 
�
1. Preventive Maintenance:  

 
It is being carried as per AERB 

guidelines. For addressable detectors, PM is 
being carried out once in a year and for 
conventional it is once in every six months. 
 
2. Testing of Fire Alarm System / Fire 
Detectors:   

 
It is being carried as per AERB 

guidelines. For addressable detectors, testing is 
being carried out once in a year and for 
conventional it is once in every six months. 
The testing of FAS control panels and 
addressable fire detectors is being carried out 
every month. Some times, more no. of 
Preventive Maintenance & Testing is also 
being carried out due to industrial environment 
at NFC premises for improved system 
performance. 

�
�
�
�
�

�
�
�
 
 
 

 
Testing accessories for Fire Detectors 

(Smoke / Heat & UV/IR Flame) 
�

3. Breakdown Maintenance of Fire 
Alarm System:  

�
The breakdown maintenance of 

addressable & conventional Fire Alarm 
Systems is being carried out on priority for 
ensuring the minimum possible breakdown 
time. 
�
 
 



 
Problems being faced with the existing Fire 
Alarm System: 
�
1. Damages caused for existing FAS cable: 

 
FAS Cable damages due to ongoing civil 

works / building expansions / digging activities 
causes lot of interruptions to the working / 
performance of Fire Alarm Systems. To have 
continuous operation of FAS with better 
performance, cable damages have to be eliminated / 
minimized. 
�
2. False Fire Alarms:  

�

������ alarm causes disruption to the normal 
operation of production and create a drain to the fire 
services. There are several� factors which can cause 
the false fire alarms includes, fumes from the 
production plants, tobacco smoke, dust, insects, 
incense / candle, high humidity, accidental damage 
(MCPs), high air velocities, UV/IR light/radiation 
from internal/external sources (like welding of 
objects & Zr sponze cutting works, direct sunlight 
etc), faulty detectors/system, testing/ maintenance of 
the system without proper disablement, cable 
damages due to civil construction activities etc.  

 
Hence, proper care is being taken to minimise 

the false alarm occurrences by following measures: 
 
��  Proper selection of suitable detectors 

depending on the application/area.  
 

��  Regular periodic maintenance of Fire 
Alarm System & Fire Detectors. 

 
	�  Protecting the detectors from water 

spillage etc. 
 


�  Training the employees / users of the 
respective plants about the installed 
system. 

 
��  Avoiding the damages to the existing Fire 

Alarm System cables. 
 

CONCLUSION:  
 
 As Fire alarm system/Fire Detector installation 
is the first step in protecting life and property in a 
fire, a continuous effort is being made to review the 
existing systems and installing suitable fire detectors 
depending on existing / changing fire load.  
 

 Also, new fire detectors are being 
installed in new plants (expansions) / areas on 
continuos basis as per AERB/SED 
recommendations to give optimum fire 
protection to enhance fire related safety in 
NFC. 

 
Inspection / maintenance & testing fire 

detectors & alarm system's at regular intervals, 
which includes visual inspection, preventive 
maintenance & performance tests of fire 
detectors & alarm systems, will enhance the 
availability of Fire Detection & Alarm 
Systems, so that the fire related safety is 
greatly improved. 

 
Future challenges for up gradation of 

existing Fire Alarm Systems with 
technological changes to make the fire 
detection system more effective and advanced. 

 
Also, video surveillance system for 

critical areas can be integrated with the 
existing graphics display of Main Fire Alarm 
System. 
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ABSTRACT 
 
Autoclaving is done for many of Zirconium 
based alloys which is used as base material for 
making core components for PHWRs, BWRs 
and other thermal nuclear reactors. 
Autoclaving of components facilitates 
formation of black, lustrous adherent oxide 
layer on the surface of tube and stress 
relieving of the components. This process 
involves heating of the component in isolated 
dry steam atmosphere at 4000C for various 
time cycles. STP has more than 20 years of 
experience in running of autoclave furnace. In 
course of this journey, lot many problems were 
encountered and were subsequently overcome 
with suitable modification in the equipment. 
This paper covers few of them on case to case 
basis e.g. Modification in  inlet and outlet 
piping connection, their support system w.r.t. 
shell, auxiliary piping support system, 
incorporation of various control system with 
interlocks  for safe and robust operation.  

 

Basic introduction of autoclave operation: 

 Special Tube Plant in NFC uses steam 
Autoclave unit for autoclaving of different 
zirconium alloy tubes. Autoclaving operation 
is carried out on the tubes by exposing them to 
steam at a temperature of 400deg.C and at 
positive pressure for 24 to 72 hours depending 
on the product being autoclaved.  The tubes to 
be autoclaved are placed in a special fixture. 
The total weight of the tubes with fixture will 
be around 1 ton.  The fixture is mounted on a 
trolley provided with wheels and drive 
mechanism to facilitate smooth entry and exit 
of the fixture to the autoclave vessel.  The 
vessel in turn has a set of rails at the bottom of 
the inside surface to guide the trolley smoothly 
and freely inside the unit.  The autoclave 
vessel (along with the tubes and the support 
fixture resting on rails) is heated to the 4000C 
temperature using electrical heaters 

surrounding it. Then it is soaked for requisite 
time required w.r.t. the product being 
autoclaved. Once soaking is over, the heating 
is switched off and then tubes are allowed to 
cool in furnace. 
Special tube Plant in NFC, Hyderabad has 
more than 20 years of experience in 
autoclaving of nuclear components. 
Autoclave Unit details: 

i. The existing autoclave unit present in 
STP has a length of 7.0 meters and 
diameter of 780 mm.  

ii . The shell is divided in three zones. 
Each zone has separate PID controller 
system for maintaining the 
temperature within the specified limits 
& tolerances.  

iii.  Each zone has 3 thermocouples at 
thermo wells for sensing and 
measuring of temperature.  

iv. It has three tapping points located at 
top of the shell. Two of them are 
connected to pressure sensors & 
regulators and SRVs. One is 
connected to overflow valve.  

v. Pressure is controlled/ maintained in 
the shell using solenoid operated 
pressure regulating valve.  

vi. From bottom of the shell, there is one 
inlet line for pumping of water in the 
shell and another drain line for 
draining of water whenever required.  
  

Purpose For Autoclaving: 
Autoclaving of components facilitate mainly 
two purposes: 

a. Formation of black, lustrous and adherent 
protective oxide layer on the surface of 
component. This oxide acts as barrier 
between environment and parent metal. As 
such, improves the corrosion resistance of 
the material. 

b. Stress relieving of the components. As the 
temperature at which autoclaving is carried 
out is 4000C, the higher temperature of 
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autoclaving facilitates stress relieving of the 
material as well. This further helps in 
stabilizing the dimensions of the tube while 
in operation. 

INTRODUCTION:  

Whenever the behaviour of autoclave is found 
not as expected, the autoclaving process 
undergoes trial run to carry out the root cause 
analysis of the deviation. This trial run enables 
to locate the fault in the equipment and 
subsequently enable to do the necessary 
corrective action. After the corrective action, 
to ensure safety of the personnel working and 
safety of the components being autoclaved, 
trail/dummy run is carried out for the 
autoclave unit to ascertain the behaviour of the 
system while actual run. Observations are 
made and recorded. After thorough 
investigation, suitable corrective action is 
taken and then further operation is resumed.  

Few of such cases are being discussed in this 
paper: 

CASE 1 

Introduction to the issue faced: 

In the beginning, when the autoclave unit was 
assembled, all the auxiliary pipings and 
fittings were made very intact & rigid. After 
few years of operation, pressure drop was 
witnessed during the autoclaving cycle. The 
pressure drop was because of leakage at the 
locations where there was minor cracks in 
shell. Steam leakage in the shell was forcing 
for repetitive intake of cold water in the shell 
to compensate for pressure drop and maintain 
steam atmosphere inside the shell. Intake of 
cold water was also resulting in thermal shock 
to the shell which may result in distortion.  

Initially, it was repaired by carrying out 
welding at the cracked location in the shell. 
Further, after few months of satisfactory 
operation, again cracks were observed in the 
shell. Later the shell was replaced with new 
one. However the same issue was again 
observed.  

After repetitive occurrence of the same issue, 
root cause analysis was carried out in detail.  

Observations made: 

The location of minor cracks in shell was near 
to inlet/outlet piping joints in the shell.  

Discussion:  

It was observed that there was not much 
flexibility available at the locations of piping 
joint with the shell. Further during the thermal 
expansion/contraction of the shell during 
heating/ cooling cycle, the provision for 
accommodating the movement of shell due 
thermal expansion/contraction does not exist. 
This was imparting thermal stress at the shell 
& piping joint further leading to crack. 

Corrective Action:  

After understanding the reasons for such minor 
crack, bellows were provided at all the piping 
locations. This has enabled trouble free 
operation of the autoclave unit since last 9 
years. More than 500 batches of autoclave 
have been done so far and no such cracks have 
been observed in the shell.  

CASE II: 

Introduction to the issue faced: 

In course of running of a batch of autoclave, if 
some steam pressure drop is observed in the 
shell, the same is compensated by adding 
water in the shell. This process compensates 
for the pressure drop in the shell and maintains 
uniform steam atmosphere inside the shell. 
During a scheduled preventive maintenance, 
the tubes connecting PRV to chilling unit was 
repaired. Further after repair, one dummy trial 
was carried out to observe the behaviour of the 
system.  

While carrying out the dummy trial, it was 
observed that the PRV is not working. The 
pressure of the shell was not getting controlled 
within the set limit.  

Root Cause analysis: 

Pneumatic line connecting the PRV was found 
closed.  

Corrective action: 

An alarm was installed to indicate closure of 
pneumatic line connecting to PRV. The same 
has been integrated with the power supply to 
ensure the safety of person and equipment. 
Also, an audio-visual alarm has been installed 
in the equipment for indicating any pressure 
rise beyond the set value.  
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CASE III  

Introduction to the issue faced: 

The autoclave unit is having two pressure 
safety relief valve (SRV) each with a set 
pressure of 8 bar and 8.5 bar. It is expected 
that under the circumstances of pressure 
increase, SRV should open and release the 
pressure. In recent past, while carrying out 
trial run of autoclave, pressure regulating 
valve did not operate correctly. Further the 
pressure went above the set value. Then it was 
found that SRV also did not opened up and 
pressure went up to 9 bar. Further, heating was 
stopped and pressure was released by opening 
the overflow valve.   

Observations made: 

SRVs installed were calibrated. SRVs were 
again tested for calibration and were found 
OK. However, in situ SRVs were not 
performing accordingly.  

Root Cause analysis: 

When calibration was done, it was observed 
that the calibration media is different from the 
actual operating medium. The SRVs were 
calibrated with pneumatic pressure however 
the same calibration was not getting validated 
in the steam medium at 4000C. 

Corrective action: 

The SRVs were then installed in the unit after 
checking its repetitive behaviour with 
pneumatic medium.  Further it was calibrated 
in situ with the medium same as for operation. 
Since then, the performance of SRV is 
satisfactory.  

CASE IV 

Introduction to the issue faced: 

Presently, in the autoclave unit, silicon rubber 
cord gasket is used for sealing of the door with 
shell for insulation. As the shell temperature is 
4000C and gasket melting point is only 2600C, 
provision for cooling water line has been made 
on the back side of the flange connecting door 
to shell to avoid melting of the gasket. While 
carrying out autoclaving of component, once 
steam leakage was observed near the door of 
the autoclave shell. When observed, the gasket 
connected to door was found in molten stage.  

 

  Root Cause analysis: 

Melting of gasket had occurred because of 
interruption in cooling water supply in the line 
intended for cooling the gasket and keeping it 
below its melting point.  

Corrective action: 

Cooling water flow sensor has been installed 
in the cooling water line. Also, it has been 
integrated with an audio-visual alarm to 
indicate any discontinuity in flow of water.   

 

Proposed future modifications planned in 
Autoclave Unit: 

1) Implementation of motorized pump 
for intake of water inside the shell. 

2) In order to avoid thermal shock due to 
water intake, alternate plate 
arrangement to be installed inside 
furnace for absorbing thermal shock in 
case of additional water intake for 
maintaining pressure inside the shell. 

3) Upgrading of PID based controllers to 
advance PLC & SCADA based 
controllers. 

4) Higher diameter outlet nozzles 
connecting to SRVs for safe operation. 

5) Automatic control of entire process 
with least manual intervention. 

6) More no. of zones for better 
uniformity of temperature inside the 
shell.  

7) More no. of thermocouples to map the 
temperature profile of the entire length 
of shell across the periphery as well. 

Conclusion: 

Similar to above discussed cases, many issues 
were faced and were subsequently overcome 
after carrying out detailed root cause analysis 
and suitable modification in the system. Many 
times, minor issues also become significant. 
However it is well understood that making a 
system to operate independently with least 
manual intervention is always efficient and 
reliable in creating safe working environment. 
The in hand experience from operation of the 
autoclave units have further facili tated us to 
plan & implement a reliable and robust 
equipment for miles to go in a safer manner. 
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ABOUT TARAPUR ATOMIC POWER STATION - 3 & 4 

The Tarapur Maharashtra Site (TMS) houses two 540 MWe Pressurized Heavy Water Reactors (TAPS-
3&4) and two 160 MWe Boiling Water Reactor (TAPS-1&2). Tarapur Atomic Power Station-3&4 
(TAPS-���	�������L�V���,�Q�G�L�D�¶�V���I�L�U�V�W���D�Q�G���R�Q�O�\�������;�����������0�:�H���1�X�F�O�H�D�U���3�R�Z�H�U���3�O�D�Q�W�����,�W���L�V���O�R�F�D�W�H�G���R�Q���W�K�H���Z�H�V�W���F�R�D�V�W��
of India on the shores of Arabian Sea at Tarapur, Palghar District, Maharashtra State.  As already stated, 
TAPS-3&4 is the first twin unit module in India of 540 MWe capacity each. These are Pressurized Heavy 
Water Reactor (PHWR) type which are indigenously designed and developed. 

The construction of these units commenced with first-pour-of-concrete on March 8, 2000 �± also called the 
zero date in construction of nuclear power plants. 

Criticality of the first unit (TAPS-4) has been achieved within 5 years from the zero date, setting a new 
benchmark in construction of nuclear power projects. TAPS-4 (the first unit) was commissioned around 8 
months ahead of schedule, at a cost much lower than the original estimate, by the Nuclear Power 
Corporation of India. 

ABSTRACT- NPCIL has the CORE values (Safety, Ethics, Excellence and Care) of the company in 
�Z�K�L�F�K�� �R�X�W�� �R�I�� �I�R�X�U���� �I�L�U�V�W�� �S�U�L�R�U�L�W�\�� �K�D�V�� �E�H�H�Q�� �J�L�Y�H�Q�� �W�R�� �V�D�I�H�W�\���� �,�Q�� �D�O�L�J�Q�P�H�Q�W�� �Z�L�W�K�� �F�R�P�S�D�Q�\�¶�V�� �F�R�U�H���Y�D�O�X�H��
Organization of TARAPUR ATOMIC POWER STATION -3&4 has developed Integrated Management 
System policy and committed �W�R�Z�D�U�G�V���³�V�D�I�H�W�\���I�L�U�V�W�´���D�W���D�O�O���O�H�Y�H�Os. TAPS-3&4 is the largest nuclear power 
reactor operating in the country, under PHWR category.  

Keywords  
Tarapur Maharashtra Site   

Document Registration System  

Sectional Level Safety Committee 

Voice of Victim 

INTRODUCTION-    

�³�6�D�I�H�W�\�� �)�L�U�V�W�´��always remained the motto of TAPS-3&4. Operating experience feedback mechanism is 
working as pillar in safe operation of plant.  Along with software based systems many workshops and 
personal feedback s are used to improve feedback of Operating experience. 
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SECTION- 

In line with commitment and station policies TARAPUR ATOMIC POWER STATION #3&4 has 
established various mechanisms and programmes to share valuable operational experience feed backs 
with respect to industrial safety. 

1. FIRST HAND INFORMATION OF SAFETY EVENTS 

As the Industrial safety related information is received to industrial safety section, Head IS&F briefs 
about this in daily station meeting to station management and all the section heads. Always the daily 
meeting starts with a safety slogan and poster on safety is displayed every day. 

2.  OERC  -  DRS  ( DOCUMENT REGISTRATION SYSTEM ) 

 HSE, NPCIL �± HQ is frequently issuing ESP (Experience Sharing Programme) Reports which contain 
the information of accident (fatal) or injury of serious nature. The events of various industries including 
NPPs (Indian and Abroad) -  ESPR is having detail information of accident �± like Date and Time, Area 
and Location, Description of accident, Root cause and contributory cause, Lesson learnt and 
recommendations etc. 

TAPS-3&4 has developed online LAN based system titled as OERC - DRS (Document Registration 
System). The system is accessible to all employees. The system contains various reports / documents 
along with Industrial Safety related documents / accident reports from various organizations like NPPs 
(Nuclear Power Plants) of India and abroad, other units under DAE.  These documents are reviewed by 
the Document Screening Committee, comprising of senior officials to check for applicability to station. As 
per the review, document is allotted to the concern agency / section to present the information of selected 
document in station OERC / sectional OERC. 

3.    SLSC (Sectional Level Safety Committee) Meetings 

ESPRs are discussed in all Sectional Level Safety Committee meetings. SLSC contains the member from 
each group of employee e.g. Engineers, Supervisors, Technicians and contract employees etc. SLSC is 
conducted once in a month for every section as per AERB Factories (1996) Rules.   

4.  PEP TALK / TOOL BOX TALK. 

During BSD period PEP TALK / TOOL BOX Talk are conducted with contractor employees in presence 
of NPCIL personnel at job floor location. During talk particular job related hazards, PPEs, JHA and 
relevant experience - if any, are discussed. It is most important and effective tool to inculcate safety 
awareness. This ensures implementation of safety measures and safe work practices. It leads to minimize 
injury, damage to equipment / property and ill health. 

5.  SAFETY  PROMOTIONAL ACTIVITIES 

Various promotional activities are carried out throughout the year. One of the activities titled Voice of 
Victim is most famous activity. In which Near Miss Accidents (NMA) reported throughout year are 
discussed. The person, who has reported the NMA, explains the whole scenario of NMA. Like - How he 
got trapped? How he escaped? Etc.  Detail discussion is carried out among participants about root cause 
of NMA and recommendations of analysis report (by IS&F section) and corrective action. (By concerned 
agency)  

Another Major activity to share operating experience is workshop on safety �±To worker by worker, in this 
workshop person already involved in a job explains the safety hazards and precaution to all the other 
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coworkers.  Many other workshops and seminars are organized on various safety related topics not only 
at plant site but at town ship also. 

Emergency assembly area display monitors are used to display the slogans, posters, videos on safety 
related topics. 

All the safety related documents like check sheets, safety procedures, safety forms, NMA forms, AERB 
factory rules and guides, NMA Reports are available on sectional web page of Local Area Network (LAN) 
and easily accessible to all employees. 

ACHIEVEMENTS- 

Station has achieved much  recognition due to its commitment towards best performance and high Safety 
standards �±  

1) TAPS-3&4 received National Safety Award for outstanding performance in Industrial Safety 
during the performance year -2013 based on Lowest Average Frequency Rate from DGFASLI, 
Ministry of Labour Employment, GOI.  

2) National Safety Council- Maharashtra Chapter- Maharashtra Safety Award Competition-2014, 
Scheme-I Lowest Average Accident Frequency Rate and Scheme-II Longest Accident Free 
Period.  

3) Winner of Best Safety practice award-2015 conferred by and Directorate Industrial Safety & 
Health, Government of Maharashtra in Power Generation Group 

4) National Safety Council- Maharashtra Chapter - MAHARASHTRA SAFETY AWARD 
COMPETETION-2015--Scheme-I Lowest average Accident Frequency Rate and Scheme-II 
Lowest accident Free Period. 

5) Shreshtha Suraksha Puraskar (Silver Trophy) From National Safety Council for the Year 2015.  
6) Shreshtha Suraksha Puraskar (Silver Trophy) From National Safety Council for the Year 2016.  
7) Suraksha Puraskar (Bronze Trophy) From National Safety Council for the Year 2017. 
8) BUREAU VERITAS Certification Holding SAS �± UK branch certifies the TARAPUR ATOMIC 

POWER STATION-3&4 organization with  --  ISO �± 9001: 2015 and ISO �± 14001: 2015      
Quality Management and Environment Management &  BS �± OHSAS   18001 : 2007 
Occupational Health and Safety Management. 

CONCLUSIONS- 

 Comprehensive mechanism of operating experience sharing has increased the safety culture at TAPS-
3&4 and because of this TAPS-3&4 is able to achieve Longest Accident free days as 3484 days and 
longest fire free days as: 5249   

APPENDICIES 

Appendicies �± 1 Screen shot of OERC DRS. 

Appendicies �± 2 ESPR (EXPERIENCE SHARING PROGRAMME) 
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ABRIVATIONS: 

1) NPCIL    :  Nuclear Power Corporation of India Ltd. 
2) OERC DRS  :  Operating Experience Review Committee Document Registration System 
3) NPP     :  Nuclear Power Plants 
4) DAE      :  Department of Atomic Energy 
5) SLSC    :  Sectional Level Safety Committee 
6) HSE      :  Health Safety & Environment 
7) HQ     :   Head Quarter 
8) ESP     :  Experience Sharing Programme. 
9) AERB   :  Atomic Energy Regulatory Board. 
10) PPE     :  Personal Protective Equipment 
11)  JHA     :  Job Hazard Analysis 
12) NMA     :   Near Miss Accident 
13) IS&F      :   Industrial Safety and Fire 
14) LAN     :   Local Area Network 
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Industrial Hygiene Surveillance for Health & Safety of Industrial Workers 

G Prahalad1, M A Majid1, D Vidya Sagar1, Anil Y Balbudhe1,VV Mahesh Kumar2, S. Sairam1, 
Industrial Hygiene Section-HPU1, Safety Engineering Division2 

NFC, Hyderabad 
gprahalad@nfc.gov.in

ABSTRACT:  

Prevention of occupational hazards at source is 
the primary principle in occupational health and 
safety policy of an industry. Risk evaluation 
against hygienic standards is a practice to 
control at the source. In an industry workers are 
exposed to a variety of stresses like noise, 
illumination and chemicals which may be in the 
form of solids, liquid or aerosols (dust, fumes, 
gases, vapours, mist and smoke). These 
components constitute a potential health hazard, 
depending on the degree of toxicity, 
concentration in the work environment and the 
period of exposure. With meticulousindustrial 
hygiene surveillance programme in an 
organization, these occupationalhazards canbe 
minimized. 
 

Keywords:Industrial Hygiene, occupational, 
noise, illumination, airborne.  
 
 
INTRODUCTION: 
Monitoring physical and chemical hazards at 
occupational area is necessary to ensure 
�Z�R�U�N�H�U�¶�V�� �K�H�D�O�W�K�� �D�Q�G�� �W�R��ensure that the working 
environment is safe. Industrial Hygiene may be 
defined as a science or art of recognition, 
evaluation and control of those environmental 
factors or stresses, arising in or from the 
workplace, which may cause sickness, impaired 
health or significant discomfort and inefficiency 
among workers or among the citizens of the 
community. 
 
Nuclear Fuel Complex is an industrial unit 
which produces zirconium metal, nuclear fuel 
�D�Q�G�� �]�L�U�F�R�Q�L�X�P�� �V�W�U�X�F�W�X�U�H�V�� �I�R�U�� �F�R�X�Q�W�U�\�¶�V�� �Q�X�F�O�H�D�U��
power programme. A wide range of process like 
dissolution, extraction, precipitation, drying etc 
and operations like pickling, dejacketing, 
pilgering, grinding etc exist which 

requiresindustrial hygiene surveillancefor health 
and safety of workers. 

The Factories (Amendment) Act 1987 enforced 
the maximum permissible exposure limits and 
the American Conference of Governmental 
Industrial Hygienists (ACGIH), USApublishes 
the threshold limit value (TLV)for various 
�F�K�H�P�L�F�D�O�V���� �7�K�H�V�H�� �7�/�9�¶�V refer to airborne 
concentration of substances and represents 
conditions under which it is believed that all 
workers may be exposedfor 8 hours to chemicals 
in the work environment, without any adverse 
effects. 

The hazard control measures are classified into 
three major classes namely; Engineering, 
Personal and Medical. 
 
 
INDUSTRIAL HYGIENE SURVEILLANCE 
PROGRAMME AT NFC 
The mandate includes 

�x Occupational noise measurements 
�x Occupational illumination measurements 
�x Workplace airborne chemicals measurement 
 
Noise Level Surveys 
Extensive noise level surveys, using precision 
integrating Sound Level Meters, are being 
carried out periodically at 1100 work places. 
Noise mapping is also carried out at high noise 
level areaswhich depicts the noise level 
distribution in its surroundings. Personnel noise 
dose estimation has been initiated for workers 
involving in potential high noise areas even 
though general control measures are in 
placesuch as 

�x Acoustic enclosures for mechanical press 
and swaging machine, 

�x Use of earplugs or earmuffs at areas of 
noise level above 85dB(A), 
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�x Audiometry for personal working in 
locations where the noise levels are above 
85 dB(A). 

Fig1 gives the annual distribution of noise levels 
for the past four years. 

 
FIG1: ANNUAL DISTRIBUTION OF NOISE 
LEVELS 

 
Illumination Survey 

Illumination measurements in 2000 locations 
are done periodically with the help of lux meter. 
For plants having continuous operations 
illumination is monitored in night times.  

 

Chemical Safety Surveillance 

Airborne pollutants such as NO2, NH3, Cl2, HCl, 
spm are monitored at 20 locations in different 
plants as shown in Table1. These airborne 
chemicals are aspirated into suitable absorbents 
using bubbler-impinger mechanism and are 
analysed using colorimetric principle.  

TABLE-1: LIST OF WORKPLACES AND 
POLLUTANTS BEING MONITORED 

 
Table2 shows the pollutant wise number of 
samples analysed in different workplaces for the 
last four years. 

Year 2015 2016 2017 2018 
NO2 286 285 261 274 
NH3 145 157 127 148 
Cl2 61 50 78 60 
HCl 64 64 92 70 
TABLE-2: NUMBER OF SAMPLES ANALYSED 

 

RESULTS & DISCUSSIONS: 

It has been observed that noise levels in most of 
the areas are well below 85dB(A). Noise levels 
at Chiller compressors & utility compressor 
areas are in the range of 90-100 dB(A) where 
the occupancy rate is very low.Noise levels are 
observed slightly more than 100 dB(A) at 
swaging machineand at diesel generatorswhich 
are operated for a limited period of time 
whereusage of earmuffs is strictly 
enforced.Audiometric medical tests conducted 
for workers at high noise level areas revealed 
none of the workers are reported with Noise 
Induced Hearing Loss (NIHL) at NFC.Adequate 
lux levels are maintained as per stipulations laid 
inRule 11 of Atomic Energy Factories Rules 
1996.Figures2, 3, 4 &5 shows the distribution of 
airborne NO2, NH3, Cl2 and HCl levelsin the last 
four years respectively. It is evident from these 
figures that most of these pollutants are very 
�P�X�F�K���E�H�O�R�Z���W�K�H�L�U���U�H�V�S�H�F�W�L�Y�H���7�/�9�¶�V���� 
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FIG2: DISTRIBUTION OF NO2 LEVELS 

 

FIG3: DISTRIBUTION OF AMMONIA LEVELS 

 

FIG4: DISTRIBUTION OF CHLORINELEVELS 

 
FIG5: DISTRIBUTION OF HCl LEVELS 

 

 

CONCLUSIONS:  

The data evidently illustrate the benefits of good 
industrial hygiene surveillance which helps both 
management and workers in making workplace 
safe and healthy. 

Industrial Hygiene aspects are considered and 
incorporated right at the design stages which 
are thoroughly scrutinized from the view of 
health and safety. This is vital to attain zero 
occupational diseases for an industry. 

Today, a worker who works everyday in a 
factory producing and handling hazardous 
chemicals can still lead a healthy life and good 
environment. No occupational diseases are 
envisaged during handling of chemicals and 
other activities. 
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