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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 50 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 rola i
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 I1SO 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 Serieks *Indian Standard4SO
- International Organization for

Standardization,LDO = Light Diesel Oil

MRSS +Main Receiving Sub Statiol)G +
Diesel GeneratohIC t+HydrocarbonAPCM

+ Air Pollution Control Device, PLC -

Programmable Logic Controller SDU +
Sodium DiuranateHEPA zHigh Efficiency
Particulate Air WHO - World Health
Organization DE +Dust ExtractionROM *
Run of Mines ID zInduced DraughtFD +
Forced DraughtTMPL +Tummalaplle,PPE

+ Personal Protective EquipmenyPU =+
Health Physics UnitPEP =+ 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;

Air Pollution in India

7% # Dust & Construction

8%

H Waste Burning
i Transport

® Diesel Generator

® Industries

@ Domestic Cooking

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 Calculatiort 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
sanpling condition in Tummalapalle Mill as

per CPCB Guidelines.

Sampling should be carried out from
sample holes on these large stacks

Minimnm width of platform
at any padnt is 2m
L
-

Plume

centerling

Pollutant
concentrati
profiles

H, =Actual stack height

H, =Effective stack height
= aollutant release heig
=H_+ Ah

.4

Ah = plume rise

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
mertioned sections were noted down (Table 1)

I Zm—

Figure 1. Stack monitoring sampling

1.3 Gaussian plume model:

It assumes that air pollution dispersion has

Gaussian distribution. It is used for predicting

Stack Particulate
Sl. Stack Fuel Gas Pr. Matter
No. Details used mm(Hg) mg/NiT?
Boiler
1 (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
Lime House
5 (Left) Power 748.5 96.6

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.

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

e U

C(xy,z2) =% X exp |-Fﬁ GE b—pll Control Board.
UAyl 6 U IYU Ulyg .
. . . TMPL Mill Particulate Matter (mg/N#
C(x,y,2) = mean concentration of diffusing Area [ 3/6/1 | 6/14] | 9/12/ | 12/30/ | 2/15/ | CPCB
substance at a point (X,y,z) [¢]m 8 | 18 | 18 | 18 | 19 | Limis
x = downwind distance in [m], Mill House %7 | oa1| e231) 8048 | 7659 | 150
y = crosswind distance in [m], o 08| 59| 198 ee7s | 9716 | sos7 | 150
z = vertical distance above ground [m], Screen 110. [ 1125 102.9 | 104.2
: eci House 28 | 4 3 5 | 998 1%0

Q = contaminant emission rate [g/s], 195
1 ODWHUDO GLVSHUVLRQ FRHExILE| HQWILFERT RY > P
1 YHUWLFDO GLVSHUVLRQ FREIL F T H| 0w | 16Q R LR >P @
I PHDQ ZLQG YHORFLW\ LQ G&_%QZLSZ)C@ Goo 6 LAUHEW LR 5
[ml, Table 2 Air Quality Analysis Table of

H = effective stack height [m]

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/Ntm 76.59
mg/Nn? (refer graph 2) during 2018 to 2019.
Continuous actions and engineering initiatives
were taken for emission control. (refer para no
1.11 & 1.12).

PM Analysis of Mill House

——

=

NAGIOON)
OO0
OOOOOOO

2018
2018
2018
2018
2018
2018
2018
2018
2018
2018
2019
2019

= S S S SN S S sS ===

T IS

Particulate Matter
(mg/Nm3)

01
01
01
01
01
01
0

01
01
01
01
01

Sampling Date

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.

Stack Emission Analysis
of Boiler (15MT)
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Graph 3. Stack Emission Analysis of Boiler
(2018-2019)

1.8 Air quality monitoring at MRSS: Main
receiving substation contains three Diesel
Generators |, 1l & lll 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 |, Il & Il (refer graph 4). IA
values were under prescribed limits of CPCB
(max 75mg/Nr).
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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.

New
5 so, [N S| co| o | Meta
No | Stack X ne HC
Details mg
. mg/ | pp N mg/ % Mg
Nmé | m m? Nm? INm®
Boiler
1 (a5 54 83 | 5.8 1.9 12.5 0
MT)
2 |DCSe ) 3 | 2ar| 2| 5 |163| o

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 madification /
improvements for emission control of
particulate matter and toxic gases (ex:xSO
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 ee used.
b. Manometer for
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 Vi@ #xveed 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.

indicating differential

BAG
TRUCK DUMP COLLECTOR
AND FEEDER

== SUPPRESSION
N\ COLLECTION
PRIMARY

CRUSHER  5eCONDARY
» CRUSHER

SCREEN ‘

BIN AND TRUCK
LOADING STATION

A N

Figure 3: Typical combination of Dust Control
System

TERTIARY
CRUSHER

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. (IITHFWLYH XVH RI 33(TV

10. Monitoring of environmental and

radiological parameters by HPU (refer fig. 5).

11.Regular PEP talk among employees.
E 2=

C—

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

CONCLUSIONS: Initiatives were taken by
Tummalapalle Mill team to maintain air
guality 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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J)DLOXUH $QDO\WLY DQG ORGLILFDWLRQXRDWRVURUI RY UrFLRRDW RWXE YL ¥

6DIHW\ & KLOOHUV LQ 3)%5

SDPDQDYDVX 5 XGL\DUDVDQ 6 9DODUPDWKL (
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UUDPDQDYDVX# I MNDUDMDQBE KDY LY XOQDRUPD WRKYBEXKDYLQL#LJFDU J

$%675%&7Chilled Water system is an important
system in any power plant which caters the cooling
requirements of the air coibning/heat removal. In
Prototype Fast Breeder Reactor (PFBR), two trains O
the Safety Chilled Water System supplies chilled water &
a temperature of 6 °C to many Air Handling Units
(AHUs) located at various buildings for maintaining the 7}
temperature of panels and for human comfort. Thi
power supply for these chillers are derived from 6.6 k\
buses backed up by Emergency Diesel Generator. Tl
chiller compressor motor rating is 255 kW. These
chillers have a capacity of 245TR and uses R-134a ¢
refrigerant to reduce the size and weight of the packag:
compared to the negative gusure refrigerants. After
seven years of normal operation a flashover in one of th
chiller compressor motor terminal box happened during
a trial run subsequent ta reconditioning/maintenance.
Failure of the HV terminal studs connected to the chiller  Fijg_ 1. Chiller unit with HT Terminal Box opened.
compressor motor terminal has led to a flashover ) )

incident. Root cause analysis has been carried out ar‘laegqlar motor protections like Thermal overload, Short
various modifications are implemented. MoistureCircuit, Earth fault, Unbalance, Excess long start,
condensation is inevitable in chillers, hence alocked rotor etc., were enabled in MICQM—PZZO relay.
modification was made in the HT terminal insulator /N€ general arrangement of chiller unit and the HT
fixing arrangement to make it free from moisturetérminal box is shown in Fig. 1. Control panel has been

condensation. The performance of chiller motor igProvided in the locally near chiller motor.

satisfactory after implementing the modifications. ThisChiller compressor motor can be started from

paper also points out few recommendations to avoidiocal control Panel. it can also be started remotely from

such incidents. _ _ Main Control Room (MCR)which is in the Control
Keywords— Chiller Motor, bushing, Flashover, Byilding in between the Electrical Buildings. All the

failure analysis, HV Terminal, nuclear Industry, field signals and feedbacks are available at MCR.
maintenance.

., 1250%$/ 23(5%$7,21
, ,1752'8&7,21

The centrifugal water chiller with a capacity of 245 TRNormally only one chiller will be in operation out of two
are complete, self-contained, automatic load control an@hillers in one train. The other chiller will be in standby
factory tested fluid chilling units supplied by M/s. KCPL.mode. Before starting ¢h chiller all pre-requisites

This is KSC model and each unit has one compress@sjated to the process system should be satisfied and no
connected to a condenser and evaporator [1-2]. Foufockout protection should be active.

chillers are located in Control Building 14 meters below

the ground level. Two chillers in each train in eitherNormally chiller motor takes starting current of 340A
sides of the electrical buildings. The surroundingand running current of 19A and current depends on the
temperature is approximately 30°C. The power suppljpad. Preventive Maintenance like monthly checks for
(6.6 kV) is extended from emergency bus for compressgfe crank case heater healthiness, lube oil heater
motor of rating 255kW with the rated current of 26A.healthiness are being done. Insulation resistance and
The breaker is located 24 meter higher in the Electricajnotor winding resistance are maintained within limits
Building. for the standby chillers also.



vy, )/$6+29(5 ,1&,'(17 become unavailable. Essential AHU loads have been
The flashover in chiller compressor motor terminalti€d to train one and system was normalized. Once the
box happened during a trial run after reconditioning /SMoke in the chiller room was evacuated manual entry
modification of chiller. was done and assessment of the incident was carried
out.
—

The flashover inside the terminal box resulted the
terminal box cover plate tdly and made to hit the
adjacent chiller unit lube ibpump sump vent line. This
impact damaged the lubeil ssump vent line of the
adjacent standby chiller and led to huge refrigerant
leak. Subsequently, theurming 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 complétedeposited with carbon
and studs were in broken conditions][3].

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

after regular maintenance. 9 5227 &$86( $18/<6.6

From the physical obseniah 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 4.1Y 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

355 | 348 3.9 |8.23| 827 | 9.96

IRvalue | =G | Gy | gy | eV | v | av

The healthiness of cable was ensured by High voltage

= amETTTTPe T LR T . e
. . . test of 11.2 kV (60% of factor test voltage) for 5 min and
:;lgiai.n;l'ermlnal Box of the chiller motor after ﬂaShoVerpassed the HV test. By testing and physical observation

it was confirmed that the #&over has happened due to
During this flashover a huge noise was observed iffiailure of HV terminal[4-6].

':jhe bw(ljdlng an glso én .the hcontrol rcl)om and Al}re The chiller compressor motor trip was executed from
etected got activated in the control room. Aftelopiiar control Panel since aip in the control power

checking in the field smoke and refrigerant leak wag 1y \vas observed in chiller connected bus during
observed. Immediately chilleoreakers were isolated flashover. The reason for the flashover was due to the

and racked out. Subsequently fire tender was called Tty ction in the insulation level in the HV terminals due
and it was conformed that the refrigerant leak was fromy the moisture entry

the stand by chiller. Thus the train two has completely



9 02',),&%$7,21 $1' 5(&200(1'$7,216

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 HV Test 11.2K\Mor 1Min
No IR Value Leakage IR Value
before HV test| Current after HV test
1 1.0GY 0.3pA 43M Y
2 652M Y 0.2uA 7.41GY
3 4.89G Y 0.1pA 65™M Y
4 1.0GY 0.1pA 874M Y
5 2.34GY 0.1pA 867 Y
6 1.289GY 0.1pA 944MY

The new studs and winding fixing arrangements are
Fig. 4 (a) HT terminal studs burnt during the flashover,shown in Fig. 5.(a) & (b).

(b) HT terminals of the Compressor motor, (c) Brokeng
HT terminal studs removed from the terminal box'
(d) broken HT terminal stud. /

The visual inspection done after opening of the H\
terminal box revealed that HT terminal studs burnt
during the flashover as shown in Fig. 4(a). Other end o
the HT terminal stud in that terminal box is shown i
Fig. 4(b). The terminals studs which has been removd
from the terminal box for analysis is shown in Fig 4. (c
& (d). When the HT terminal stud inside the terminal @ (b)

box are free of moisture/dust particles there will be nd-ig. 5. (a) Compressor motor winding ends, (b) High
leakage current and the insulator behaves as a perfedfoltage studs of Motor terminal.

capacitor. When dust parties gets deposited over these _ o
HT terminals still behaves as capacitor when theffter replacing the new stud®olarization Index (Pl)

moisture are also deposit over these along with dugtnd winding resistance of motor carried out after filling

particles results the depletioof insulation resistance refrigerants and tabulated in Table 3.

and the leakage current increase. Therefore thegple 3. The PI and Insulation Resistance (IR) of motor
insulator behaves as a capacitor in parallel with apefgore into the service.

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 1 MinIR
formation of dry bands. A dry band region appears to _ 268 | 389 | 641 | 888 | 595 | 6.44
have high resistance because of its negligible 10MinIR GY | Y | MY | GV | 6Y | GV
conductivity. If this unstable equilibrium is perturbed, PI 249 | 219| 2.06] 244 214 23p
then a discharge will appear along the length of the dry

band and the current pulsetansity will be reduced by Pressure test of 10 bar was carried out to check any
the resistance of the residue polluted surface. Theefrigerant leaks through terminal stud and ensured no
extension of arcs along the length of the dry bandkak of refrigerant through the HV terminal studs. In the
depends on many factors, mainly the non-uniformity gast experience of chiller unit, moisture condensation
the surface pollution, the deposits resistivity and thevas also observed in the terminal box. To avoid
peak leakage current value. Hence the partiamoisture condensation in the terminal box, following

discharges occur and results in the flashover. modifications were implemented in the terminal box.

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

188 | 1.77 | 311 | 3.64 | 278 | 2.79
GY | GY | MY | GY | GY | GY




X 80W heater element was provided inside thr—-'—-r
terminal box with thermostat.

x Breather with Silica gel installed in the motor |

terminal box to prevent the entry of moisture in thi
air. /""

x Explosion vent in the motor terminal box was e s / ,
covered with thin aluminum foil sheet to avoid entrygE— ?, Thermostat
of moisture. b =

x Textolite insulation sheet were provided between th™
phases in rigid manner to provide better insulatio
between the phases and phase to earth. The verti
textolite sheet provided between the phases and s

power terminal leads. 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 implemetite same maodification in
rest of the 6 chillers in the plant.

9, 3(5)250%$1&( $)7(5 02',),&%7,21

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 comfirthe direction of rotation
and found to be correct.

]
N
[}
[}
(]
]
)
-

Fig.6 Motor Terminal Box with Separators and
breather with silica gel.
The current observed during starting is 140A and
ring load is 14A and the starting and running taken
uring trail run from MICOMrelay P220 is plotted and
hown in Fig. 8.

The existing terminal bo fixing arrangement has du
been slightly modified and connections are made. Th
separators have been fixed rigidly and the other en
connected as start and completely wrapped with the
insulation tape. The performance of the chiller was observed for one

month during continuous operation of chillers and all
The space heater power supply was taken through fhe parameters were continuously monitored &

MCB which is mounted near the terminal box for easYocorded.  After analyzing the parameters no

access. The existing HT bia termination lugs are abnormalities found. The noises also are within limits
completely removed and new lugs are connected. Tf‘)ﬁd running smoothly. There was no moisture

breather was connected \.N'th. fresh silica gels. All thesSondensation observed during the periodic maintenance
arrangements are shown in Fig. 6. of the chiller unit [11]
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$%675%& The Electric overhead traveling (EOT) - iy
crane installed in Prototype Fast Breeder Reactol '/I,- W a4
(PFBR), Reactor Containment Building (RCB) is the'g .—:%. s
largest capacity EOT crane installed in any nuclear==

power plants in India with some unique features of it
own. It has been built with a single failure proof concep
which is one of the prime requirements of a nuclea
facility as per the standards BFUREG/IS. It is a double
bridge girder type, the girder used in this crane is &
single structure having a length of 34.8m without any §&M

joints as designed by IGCAR/BHAVINI (first of its kind). { o
The span of the EOT crane is 33.4m and installed at St
height of 42m from the ground level with the lifting &
height of 42.5m. This crane was manufactured by a \'w. :
Indian company M/s. UNIQUE CRANE, NASIK. Two  Fjg 1. Overview of 280/85T EOT Crane in RCB.
hooks (280 tons / 85 tons) are connected in the same ] ] ]

trolley sharing the Long TravéLT). Load testing of the flask along with the Primargodium Pump. The PI flask
complete crane was done at factory before transportin{€ight around 210 tons and the pump weight around 40

it to PFBR site. The components of the crane wer ns. Bgsfed 20;0 tthis Ioadhgt E%T ;:hrane hf"I‘.S be;]enk
assembled in PFBR site. The erection methodolodyZCon 20 b (et h e ico mounted on the same
adopted was distinct w.r.t the site condition, as th(? 9 pacity

components which were handled were very heav rolley for ease of operation for handling lighter

. . . i Y:bmponents and to reduces the time required for
available space for installation was restricted and the . ation. The overview of EOT Crane at RCB is shown

head room was also very less. This erection has begy rig 1. The crane was designed for both positive and
completed successfully and very safely without anfegative pressures inside the reactor containment
notable incidents. This activity is a biggest achievementyyilding [2]. This EOT crane has been designed based
milestone in the nuclear indugtin India. Later the EOT  on single failure proof criteria, which is mandatory for

crane was commissioned, load tested with 350 tons loaghy component handling machines in a nuclear power
(negligible deflection) and being operated successfullplant design. The main and aux. hoist system of the
without any incidents so far. This was achieved byrane is equipped with dual load path system. Thus, in
accurate erection procedure, stringent Qualitythe event of failure of any components on one of the two
Assurance Plan (QAP), Job Hazard Analysis (JHA) andbad paths, the other load path will take over without

Safe Operation Procedure (SOP). Many challenges we 1y uncontrolled movement of load. Each load path is
faced during manufacturing, testing, erection and loadProvided with a separate drum, gearbox, motor, brakes

testing at site. This paper deliberates those challenges.@nd rope system. For aux hoist, however, there is only
one rope drum common to both load paths.

Keywords—EOT crane, Single Failure Proof,  The total weight of the crane i.e., girder, trolley and
Bridge Girder, Bogie, Safety, nuclear Industry, the hook is 385 tons with span of 33.4m [3]. The
Erection. maximum and minimum hoist speed is 1.5 meter per

minute and 0.15 meter per minute respectively. The main
1752'8&7,21 hoist lifting height is 42.5 meter and the hook hoisting

o . . up/down time is 30 minutes. Similarly, auxiliary hoist

The EOT crane inside RCB is designed as per th&.. : . ' I
standard AL-S. 13834 MECHANISM - M .5 IS: 3177-1Ting height is 55.5 meter and the hook hoisting
1999 NUREd—0554 [1] which can handle 230 tonsup/down time is 38 minutes. The EOT crane structure
Ioad.’The largest load envisaged to be handled by thand trolley have been seismically qualified for the

. ; urpose of safety during any seismic events. This crane
crane is the Pump & Intermediate Heat Exchanger (Pl) haspbeen provid)éd withgan ){)perator cabin in the crane



and also a RF (Radio Frequency) remote which helps in After lot of efforts, theyirder reached the BHAVINI
operating the crane being near to the load and thusite without any transit damage as shown in Fig. 2. (b).
reduces any manual error during communication andNew approach roads were made near the reactor
signaling. The operation of the crane was found to beuilding for normal truck movement. However, many
very smooth without any noise even now after 7 years obn plates were provided on the roads to bring the truck
operation. The maximum deflection observed in theear RCB. Before the girder was lifted from the truck,
crane after commissioning is  9mm where allowable inecessary procedures such as Erection Procedure, Job
37.11mm. This crane was erected in Dec 2011. Aftddazard Analysis (JHA), Safe Operation Procedure
seven years, the deflection is only 10 mm. The load t80P) etc., were thoroughly verified and kept ready.
result indicates that the variation in the presentFollowing all the safety precautions, the girder was
deflection observed in therane as compared to the lifted with a heavy duty crane (LR 11350, Largest in the
initial value during commissioning is very less. Thiscountry) from M/s. LIEBHERR, GERMANY as shown in
crane is also having an interlock with another 15 tond=ig 2. (c). The massive girder was positioned and
EOT crane which is erected below this crane such thaligned on the RCB gantry at height from the ground
interference of both the cranes will not be there. Thigd5 meters as shown in Fig 2 (c) & (d).

giant crane erection and commissioning could be

completed successfully & safely only because Og Similarly, the second girder was also placed on the

antry and accurately aligned within allowable
olerances as shown in the fig 3. (a). After aligning the
ridge 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
9%, *( *.5'(5 from top of the girder was used and the worker was
The bridge is box type and consists of two nos. girdezonnected with a rope held by another worker from the
which are made of a single metal structure havingop of the platform as theafety belt was not enough to
dimension of (34600 x 1400 x 1480mm) [4-7]. Thigeach that point. General guidelines for removing the
being the largest girder used in the nuclear plant whicrslings were available in the procedures. However, the
was manufactured by M/s. UNIQUE works anderection team was well coordinated and executed the
transported to the BHAVINI site in single hydraulictask successfully as shown in Fig 3(b). This is one of the
truck as show in Fig. 2 (a). challenging task for the engineers at site to work safely
without any notable incidents.

adequate planning, following proper sequence o
erection, strict adherence to the approved procedure
and safety precautions.

(b)

Fig 2. (a) Truck loaded with Bridge Girders at
M/s. UNIQUE works. (b) Girder at PFBR site being Fig. 3. (a) Second girder being placed on gantry.
unloaded. (c) Bridge girder being moved by Leibher(b) Safely Lifting slings being removed from hook by
crane, (d) Bridge girder erected on the gantry rail andusing a ladder fixed along the girder. A worker with
aligned. safety belt being held with rope by another person

standing on the top platform of the girder.



(1" &$55,8*( %2*,( trolley on the rails during earthquake. The side surfaces

The end carriages generally provided for all the crane®f e grapples function as to determine the extreme
are also called bogie incase of large capacity cranePosition of the trolley while travelling along the bridge.

Each bogie consists of four numbers of wheels t | Te— \\
transfer the entire load on ¢hgantry in the RCB as ——

shown in Fig. 4 (a). This bogie was assembled befor
lifting of the girder for ease of alignment of girders as
shown in Fig. 4 (b).

Mal

(@) (b) Fig. 5. Trolley as

semblgeing lifted with the hooks

Fig. 4. (a) Bogie fixed to the Bridge Girder. The main hoist mechanism having one thrust brake
(b) Bridge Girder along with bogie being lifted. and one Electro Magnetic brakes. Similarly, auxiliary

hoist mechanism is also having one thrust brake and one
L9 T752//(< :,7+ 0%,1 $1' $8;,/,$5< +2,67 Electro Magnetic brake. The main hoist is having two
The trolley consists of a Main hoist mechanismrOpe drums dia. 2270mm, two nos. gear boxes, two nos,
y motor each rating 150 kW. Whereas, auxiliary hoist is
S. gear boxes, two nos. motor each rating 40 kW. The
total trolley size is 6465 x 6625 x 7150mm with a weight

The drums are driven by electric motor through e 194 5ns. This crane is having two nos. of hooks
reduction gear connected in series. To synchronize the, o0 main hook and auxiliary hook. Both are Ramson
drum rotation, electric motors are connected by mean

of intermediate shaft. Each intermediate shaﬁ?pe' The main 280 tons snatch block hook weight is

. 22.5 tons and auxiliary hooB5 tons weight is 4.5 tons.
accommodates two electro hydraulic brakes. The Malhe clearance between those two hooks is 1850mm. The

[‘ho'slt rr:jephanflsm ls_tgqu!pped \;v!tr; hancti_ drlye to brlngPope is reeved around having 3.6 km length and 16 falls

€ load In sate position In s& Of INtErruption I POWEr ¢, main hoist and 8 falls for auxiliary hoist. These were

supply. completed in ground where trolley is assembled near
Main hoist trolley consists of main hoist mechanismRCB as shown in Fig. 5.

frame, travel mephanisr_n, grapples, brackets, high The whole trolley was assembled and it has been
strength bolts, split housing and axle [8]. The trolleyyqoq \yith the heavy-duty crane and placed on the
frame rests on four carriages. Each of these carriages 'ﬁridge girder rails as shown in Fig. 6

supported by two double flanged wheels. Double flange
running wheels are mounted on the wheel shafts runnir, .
in rolling bearings. A motor reduction gear with its §.
hollow output shaft on wheel shaft. To exclude oi
leakage to reactor operating floor tray made of plates ir
the form of pan is installed under the motor reductiory
gear.

Auxiliary hoist trolley is conected 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 trolle
Its consists of auxiliary hoist mechanism frame, spli
axle boxes, bearings, axleunning idle wheels and
grapples [9]. Auxiliary trolley wheels are flangeless. Its
position on the rail is determined by flanges of the mai

hoist trolley wheels and hinges connecting the trolleys. Fig. 6. Trolley assembly being placed with the hooks
The grapples fixed to the trolley are intended to holen the bridge girder rails.
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The main and aux. Hoist system of the crane i ! \
equipped with dual load path system. Thus, in the eve [

of failure of any component on one of the two load path: =

the other load path will take over without any

uncontrolled movement of load. Each load path is I < =
provided with a separate drum, gearbox, motor, brake -»'A' EARTH QUAKE

and a rope system. For Aux Hoist, however, there is on HOLDING CLAME o ON-*A-A"

one rope drum common to both the load paths. The wite
ropes are designed with factor of safety 12 when both
the load paths are intact. In case of failure of one loa¢
path, wire rope will have a factor of safety 6. \

Fig 7. Earthquake holding clamp with gantry rail.

Sheave block assembly is designed with protecti
guard in such a way that the sheaves will not separat
out and fly-off in the event of breakage of sheave pifs
Each Main and Aux hook block is provided with duai
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 (a)
support in the event of breakage of drum shaft.
Each hoisting motion is provided with load cell
arrangement to protect against overloading and als
give audio-visual alarm in case one of the load path&antry rail having width of 1220mm and the wheel width
fails. is 150mm. A smooth LT movement achieved with this

Main Hoist motors will have pulse encoders fc’rclearance was the one of the challenging task and the
P same is shown in Fig. 8. (a) and (b)[10].

feedback to drive module so as to synchronize the spe€e
of dual paths. In case of Aux Hoist, as the two load paths

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

are connected by a single rope drum, such 9, (5(&7,21 0(7+2'2/2*<
synchronization is not necessary. However, pulse Any incident/accident would happen only when any
encoders are provided for aux hoist motors also. safety procedures are violated. Strict adherence to the

Encoders will also sense over speeding of Rop%pproved procedures was followed at all stages of

; . A . tion and commissioning of the EOT crane. An error
drums in lowering direction beyond the designed spee ¢ . T y
and will bring the hoist motion to halt by tripping the ?g:ee erection procedure (SOP) is include the following.

electrical circuit. Each load path will be provided with x An overall detail of the work intended to be
over hoisting and over lowering limit switches with carried out.

inbuilt slow down limit switches. Apart from the above,
two blocking system also provided to prevent over X Safet_y PPEs and_procedures to be used for each
hoisting to avoid physical contact of load block with top step/job to be carried out.

obstruction. Load cell activation and motor over current  x Ppre-job briefing to be given to each level of

sensing is integrated to safe guard the system during  workers before starting any activity.

load hang up. The suitable guide rollers / derailment o i

guards are provided for trolley and end carriages of X Hazard/risk involved in each step to be made
crane to prevent derailment during seismic event as  aware to each level of workers.

shown in Fig. 7. x Checklists to be filled wherever applicable before
Suitable parking lugs/ rail clamps arrangements are starting any activity.
provided for trolley and crane for parking the crane.  , gaquential work activity track sheet involving
Manual release of brakes during emergency lowering is man :
. ¢ y agencies.
provided. There are inherent safety features for motors
for monitoring and fault report systems. x Post job debriefing.

The control system is provided with PLC Any violation in the procedure will be easily found by
(Programmable Logic Control) to oversee and monitorintegrating with the other pallel procedure. Procedure
the operation of various motions of the crane and takehould be able to find immediately when there is a
corrective measure to run the crane safely violation. Any single minor incident shall be identified



with the other procedure being executed for the sam 2007 08 Bo-RG/011 () oy
work. Hence a safe Operating procedure has bee
adopted. It can be split in to two, a Macro SOP and ¢
Micro SOP. The SOP prepared in micro and macro forn
shall be knitting with each other, such that any violatior
or shortfall in any of the SOP will be easily identified by
the other SOP [11-15]. Each step will be doubly ensure:
by using micro and macro SOPs. This procedure wil .
take more execution timing but has zero failure.

9,, &200,66,21,1* $1/2%$' 7(67

The commissioning of the control panels were don L
stage by stage in a sequential and safer manner. All tr |
panels were shifted over the girder and are located i
one of the bridge girder pathway. Manual approach tc
these panels in the middle of the girder at higher . o
elevation was challenging every time. Tuning of th&i9 10. The Eye hook and pin with cradle arrangement
drives was challenging as one person should be in tHe" testing of 350 tons.

motor side and another person in the panel areaThe actual hook approaches in all the sides are well
Communication and coordination at a height of 40 metejuithin the dimensions mentioned in the drawings and the
from the ground was challenging. same has been tabulated in Table-1.

The RCB floor area was designed for 20 tons per  Table 1 — 280/85 tons crane hook approaches
square meter area. 350 tons load was placed in a special

structure to keep the loads uniformly distributed. Plates Long (5&%25 (EZ‘;) Cross 'zgrc‘)’:’;rr]‘; ?ﬁc‘)’ﬁﬁe
were placed on the ground. A special cradle was Travel mm mm Travel mm mm
fabricated at site for load testing due to the spac@sper As per

constraints. The full load test of 280 tons and over loadesign 3300 1940 pesign 4100 3800
test of 350 tons has been completed with the main hodleasured 5.0 ;4,;, Measured 4o 2640

as shown in Fig. 9. The load test of the inner hook (dizt site at site

180mm and width of 320mm) i.e. Eye hook was very

ch_allenging. The inner hook was tested wit.h a small pi&inally, the crane lifted the PI flask load 230 tons
(dia. 180mm and 1130mm length), four slings and twg, ccessfully and placed on reactor vault as shown in

nuts as show in Fig. 10. It was specially designed by siq«_elg_ 11.

and manufactured by M/s. UNIQUE, was vital and
successfully tested at factory. The same pin is connect
on the inner hook and over load test with 350 tons als
completed. This was one of the major achievements.

Fig. 11. PI Flask (230 tond)eing lifted and placed over
Fig. 9. 280 tons Load being lifted during full load test. Reactor Vault in RCB.



9,,, /(6621 /($517 $1' 5(&200(1'$7,216 The result of the stringent requirement in the design,

Trolley can be assembled at ground level itself. Sg:aterlal selection, manufaging and factory testing of

that all motors, gears and rope reviving could be doneliS hu%e EhOT crg\ned has meht Ia” the toleragﬁes as
Then the special lifting structure was designed at siteeXP€cted with standard. Nevertheless, proper adherence

Hence the total weight of the trolley comes around 360 &l the safety precautions, procedures like JHA, SOP

and the some was erected by using liebherr crané&!C @t PFBR site during erection, commissioning and
Initially this was not expected. For dismantiing and'€Sting has proved this giant lifting machine to be

removal of gear box, motor etc. during maintenance, ng#99€d. robust and highly reliable making us gain more

provision exists above the EOT. Hence on the roof ¢Pnfidence on our large component handling, erection,

RCB, a hoist/mono rail shall be provided. For loadCommissioning and operational methods.

testing the inner hook, special arrangement is required.

Site has designed the small pin, manufactured by M/s. S()(5(1&(6

UNIQUE and firmly load tested with the crane. > @ porse (1979), Single failure proof cranes for nuclear power
. ] ] plants. U. S. Nuclear RegulagoCommission, NUREG -0554.
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ABSTRACT - Sodium is the primary and SSP is a mechanical centrifugal, single stage
secondary coolant in Prototype Fast Breedershaft type pumpThe SSP consists of Pump
Reactor (PFBR). The Secondary Sodium Pum@uter shell (Tank), Pump rotor assembly and
(SSP) circulates the sodium in the secondar%OD bearing and Mechanical seal assembly.
circuit to extract heat from primary sodium in Fig.1. shows the sectional view of SSP.

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-

CO; process. The cleaning process was closely

monitored to ensure safety because the release Fig.1.Sectional View of Secondary Sodium

of hydrogen is to be kept below 2%. This activity pump.

was carried out with Job Hazard Analysis and

Safe Operation Procedures. II.  METHODS FOR SODIUM
This paper deliberates the challenging REMOVAL

experience and safety measures in the successful Cleaning is an operation for removal of
sodium removal and cleaning of SSP-2 rotofresidual Sodium and impurities, mainly by

assembly. chemical reaction. All cleaning process deal
with the reaction of sodium with a chemical

Keywords—SSP, PFBR, Sodium removal, reagent, producing in most cases hydrogen and
Water vapour- CQprocess, Hydrogen heat. The process of cleaning must completely
remove the residual sodium adhering to the

| I NTRODUCTION component walls, in order to eliminate the

chemical risk linked to sodium’s great affinit
The Prototype Fast Breeder Reactor (PFBR), oxlygenlandlwater. | g nty

in Kalpakkam, uses liquid sodium as the primary . _
and secondary coolants. Hence components such The different types of cleaning methods are

as pumps, heat exchangers, control rod drive; azconol Cleaning: Sodium reacts  with

mechanisms etc. are wetted by liquid sodium.  o,~oho slowly and gives bubbles of
The sodium components are to be cleaned of qrogen and leaves colorless solution of
sodium before any maintenance activity can be  g4giym alcoholate / alkoxide. This cleaning
taken up. Sodium removal from components is ,qcess is recommended for cleaning of small

therefore an important activity and selecting a components like valves, vapor traps and
suitable process, vis-a-vis operational safety, pipes etc '

reuse of the component, process efficiency etc is
paramount. 2Na +2 ROH® 2RONa + I—g



2. Steam — Nitrogen: Dry steam reacts quietly The hydrogen concentration is an indicator
with sodium and gives Sodium hydroxide andf the progress of the reaction. The reaction is
Hydrogen.This process is used for cleaning considered complete when the hydrogen
Sub Assembly. However the caustic producedoncentration reaches its background level
during the process may cause corrosion of
the component.

2Na + 2H20 ® 2NaCOH + H2 -

IV. CLEANING STRATEGY

Before cleaning: In order to optimize the safety

and efficiency of the Cleaning, it is important to

3. Water Vapour — C® The basic principle of drain the sodium as much as possible from the
this process is to use water vapour in a gassSP.

stream. During Cleaning: Hydrogen and temperature
control are necessary to maintain acceptable
.~ WATER VAPOUR —CO; hydrogen concentration in gas and avoid caustic
CLEANING PROCESS corrosion on the component
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-C@ N, 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]

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

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

Nasoiia + H20
Y2 He
Further sodium hydroxide reacts with €0

produces Sodium bicarbonate and Sodium
carbonate.

NaOH (Sodium Hydroxide) +

NaOH + CQ NaHCG (Sodium bicarbonate)
2NaOH + CQ NaCQO; (Sodium carbonate)
+ H,0

Na,COs; + COs + H0 2NaHCQ

In our case, C®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.

After
attention must be paid to the storage of the
Component before its reuse

Cleaning: After Cleaning, particular

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
runaway reactions.

to avoid

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 arrestofA
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.

CO, Bubbler safety relief valve set pressure
was 2.2 bar (g).



Hydrogen concentration was maintained -
<2% since H Explosive limit is 4.00-74.20
(in air) & 4.65-93.90 (in @ and Detonation
limitis 18 - 59 %.

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

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

CO; 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 8j'-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
provided which gives alarm if
concentration exceeds 1.5 % v/v.

CLEANING OPERATION
SEQUENCE

The sodium sticking on the surface of the SSP

was
H2

VI.

rotor assembly in the form of thin coating on

vertical
horizontal

surface or thicker blocks in the
location was removed by once

through mode of Water Vapour — €€leaning
process. Cleaning process includes the following
phases:

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+CgPaddition should

be stopped and nitrogen to be continuously
purged to reduce the JHconc. to less than
1%. 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. 3.

i. Sodium draining from the SSP rotor
assembly

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

iii. Rinsing & Immersion of SSP in water.

iv. Drying with hot Nitrogen

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°C. 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.

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

Pneumatic test was carried out at 300 mbar

(9)-
3



4. CO; bubbler was filled with DM water and concentration reached back ground value (<
heater was switched ON 0.01%.)

11 After the completion of the reaction, the
vessel temperature was decreased td@0
pressure was reduced to 5 mbar, £CO
bubbler heater was switched OFF and the
CO; 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 B 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

5. Vessel temp was maintained at %5at 200 water vapour-CQ@ moisture in penetrating
mbar (g), N inlet flow 2 to 3 rihr, long, narrow gaps containing sodium. Also

6. CO, Bubbler Temperature/Pressure was kept ][emoval of sodlumdfrgmf t'ggt. creV|(|:_es and
at 42 °C /1.6 kglcrh SV-3 (CQ Bubbler asteners was attended after dismantling
Outlet) kept opened for 30 sec and observed8.The SSP-2 rotor assembly kept in the vessel
for 5 min for any increase in H before cleaning is shown in fig.4
concentration.

Fig.3.Cleaning Vessel Setup

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 Fig.4.Before Cleaning

30 °C and 80°C. The higher the water 19.The cleaned SSP-2 rotor assembly is shown
temperature, the more it heats the bubbling in Fig.5.

CO,, which increases its dew point and

therefore the amount of water transported by

this gas

10When the reaction was complete (as
measured by the Hconcentration), C®
bubbler temp was raised to S and
Vessel temp to 10C and waited till the K

Fig.5.After Cleaning



VIl. RESULTS VIIl. CONCLUSION

The Estimated amount of sodium quantity The CQ Water Vapour cleaning process was

removed from the SSP-2 rotor was tabulated ireffectively carried out for sodium removal from
Table.1. SSP-2 rotor assembly. Hydrogen release during
Expected amount of sodium : 4.66 kg [3] the reaction was kept well below 1%. Effective
o _ cleaning with no damage to the SSP-2 rotor
Estimation of sodium by Hydrogen evolvedassembly was achieved. The summary of the

:3.7 kg SSP-2 rotor cleaning process is tabulated in
Estimation by rinsed water: 2.7 kg Table.2.
Table.1.Estimation of Sodium quantity Table.2.Summary of SSP-2 rotor cleaning
Parameter Qty of Qty of Parameter ssp-2 Rotor
water (). | Na (gm) _ cleaning
Spray washing 200 1605 Reaction Time (days) 17
15'rinse 6045 949 Max RH (%) 84.44
2"9rinse 6045 84 Max H (%) 0.68
Total 2638 No. of moist injections| 72
Sodium Weight (g) 3700
The various process parameters observed| (Oy chemical analysis _
during the cleaning process is shown in the | Water Quantity (1) 176 lit for process
Graph.1. and 12290 lit for
rinsing
002 Cylinder (Nos.) 26nos (30 kg of €D
gas cylinder)
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Graph.1.Process parameters observed during
cleaning operation
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Dry Type Transformer Fire Incident and lessons leant in PFBR
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ABSTRACT- Dry type transformers play a vital role in
power supply distribution to many loads in diffearen §
voltage levels in a nuclear power station. Normaty
extend power supply to the critical loads, the
transformers have to be located inside the buildDge

to that, the design of the building should takeecaf
heating, ventilation and provision for firefightingA
transformer failure in a nuclear power plant carsuoit

in significant property damage and serious impiicat
to a safety as well as revenue. With growing natfre
deregulation in electrical markets, the failure |
probability of transformer increases simultaneously |
Hence rigorous maintenance program should be :

‘z: B ; e
adopted in order to maintain the failure probalyilibf FIG. 1. OVER VIEW OF 2500 kVA DRY TYPE
dry type transformer that too in a nuclear poweargl  TRANSFORMER 6600 / 433 V
In this paper, efforts were made to analyze théofac

contributed to fire in dry type transformer, lessdearnt  The transformer enclosure contains core coil assgmb

and few recommendations are discussed in PrototygeY bus duct and HV connecting terminals, door limit
Fast Breeder Reactor (PFBR). switches, marshaling box and RTDs with IP31.

2y R

The connected load in PCC ranges from 90 kW to
Keywords - Dry type Transformer, Route cuase ;g kw. PCCs are draw-out type indoor, air insulate
analysis, Insulation degrading, Partial discharge, gng metal-clad extendable switchgear. The switchgea

flashover, Power Control Centre. includes the ACBs, motor starter modules, Moulded
Case Circuit Breaker (MCCB), Switch-Fuse Units ($FU
l. INTRODUCTION with double front construction.

Power Control Centre (PCC) are the standardized, prgR there are 26 Nos. 6600/433 V Dry type
415V, 3Ph, 3W Medium Voltage switchgear panejansiormers are used to feed the power supplyaoym

assembly with Air Circuit Breakers (ACB) with othery yjjiary loads from 2012 onwards. One of the 2508k
standardized feeder control, monitoring and pra®Tt  yanstormer which is located in the turbine builgin

devices. They are with common bus-bar housed at ﬂb‘?ound floor caught fire in HT side. The loads

top of the panels with a very clean environmenain o, egnonds to the failed transformer as shownipE

nuclear industry as shown in Fig.1. They server®s t tne cayse for the failed transformer was analyzed a
main 415V power supply distribution center supii®@  ¢.\\ recommendations were made.
Motor Control Centers (MCC), Rectifier / Chargers,

Heater Control Center (HCC), lighting & power sotke
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 coupleving
the secondary selective arrangement through Arrusir
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. 2. SLD OF 2500 kVA DRY TYPE

TRANSFORMER 6600/433 V



I. NORMAL OPERATION cause for the fire of the transformer. In additimnthat
The PCC transformer was installed at ground fladgth ~ @nlysis has been made separately and deliberated i

moderate natural cooling. This transformer was lead tNiS Paper.
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 transfer

operation was satisfactorily nearly 7 years. Th&xeno

abnormal noise / current observed in the transfarme

Yearly preventive maintenance schedule was algilgtr

followed. All the routine test result was found ke

normal.

M. FAILURE INCIDENT

Among the 26 Nos of transformers operating in PFBR,

one with rating of 2500 kVA failed in March 2019n

hearing the fire alarm in Main Control Room (MCR) @)
from fire detectors mounted above the transformer,

operating personnel rushed to the location and oles

huge smoke inside the room and fire inside the

transformer cabin. Transformer tripped on HT side

earth fault resulted LV side also tripped. The poion

for the transformer as per the setting acted amdaied

from the power supply [1].

The transformer cabin was very hot, approach to do

firefighting inside the cabin was nearly impossiaethe (b) ©
cabin was kept locked with key. Tap changing déassy

was broken and after ensuring isolation of theFig. 3 (a) Transformer windings after flashover;) (b
transformer, fire fighting was attempted with £fre  Topside of the winding with carbon deposition ;Stje
extinguishers initially. But CO2 fire extinguisharsuld  view of the transformer.

not do quenching of fire and flames kept arising ¢ . :
the residual heat in the transformer core. TheTabIe 1. Relay settings for the transformer with PC.

transformer cabin panels which were bolted were| peseription of AP se Im|oleOI Recoded in the
removed with difficulty to access the fire inside t parameters SN MICOM relay
panel. IDMT over CT ratio: 300/5, Ful| No | R-phase 8.0A
Th £ f th f o current load current of the| change | Y phase 350A
e surface temperature of the transformer enc®sur | protection (VI | transformer  218A, B phase 250A
was very high. All the available G@re extinguishers in curve)-51 Pick up curent _
that building were utilized but the fire kept angi CO”S'gZ{SgQZS‘%A- E:g—“’\r‘ﬁng as per
again. Hence, we were forced to use Dry Chemical TMS 0.475 the fault current.
Powder (DCP) extinguishers to control the fire atad 16 sec
avoid spreading of fire to the nearby equipmente Th | Instantaneous | Setting 12xin|  No
extent of the fire and smoke can be seen from3ighe | Overcurent | (3600) change
. . o protection -50 | Instantaneous
Carb(_)n / soot dep05|t on the soffit of the (?e”_mghe IDMT Earth CT ratio: 300/5, Full No Earth fault current
building above the transformer enclosure indicaties fault current | load current of the| change | recorded at site|
extent of flame. protection transformer  218A, 110A.
(DT)-51N Pick up current Tripping time as
Transformer was energized in July 2012 and is in é‘;?f,!‘;eéeg 60A. Ee:remt('goec)msfau't
. . 1 . u
service continuously. But the load on the transier TMS 0.6 Actual  tripping
always below the 50% of rated load. During thee fir time 845ms.
incident also, the load was around 80 A where rdtgid
load current on HT side was 218 A. While verifyihg IV." INITIAL VISUAL INSPECTION

Micom P122 protection relay records, it is obserdeat  On physical inspection of the Transformer, it wasnid
the current flow in the HV windings during the dent  that Y-phase limb on HT side was in flashed coowliti
are R phase is 8 A, Y phase was 350 A, B phas@%@as and many locations in the transformer was carbashize
A and Neutral was 110 A. The Table 1 shows thangett Due to more temperature in Y phase of the transéorm
parameters and actuals after quenching the fire. Ifemaining phases (R & B) HV winding surface also
house committee was constituted to analysis thé roearbonized. A closer view of the Y phase HV windirg

2



shown in Fig.4. where the insulations came outhef t the failure is due to the insulation of the windimghich

winding. The LV bus bar connecting to the transfarm got failed and flash over happened while all elieetr

bushing also got cracked for all the three phagss [ 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 kepbbut

service for two years. After it was commissioned,
following test was done periodically as tabulated i

Table 2.

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

Test conducted Year of Status of test
conduction
Insulation 2011 to 2019 ok
Resistance test
Winding 2011 to 2019 ok
resistance test
. . e . . WTI checks 2011 to 2019 ok
Fig. 4. Failed Y- Phase winding insulation and wirgd No load test 5011 to 2019 ok
top side view. Polarity test 2011 to 2019 ok

Faults may occur in different parts and componesfts It was proposed to carry out partial discharge test
the transformer due to mechanical, electrical agrthal  sample basis in one of the PCC transformer to dairer
stress caused due to different conditions. Windergs healthiness of the winding insulation. Accordinglyst

an important part of a transformer. The windingsconducted with the test kit OMICRON MPD600. Tést k
withstand dielectric, thermal and mechanical stresss connected with B-phase of transformer (HT sate)
during this process. The faults that occur in theding  then calibration was done with background valuewbo
are due to these stresses. This causes the breakthg 120pc. Test was started by closing the HT breaker t
windings or the burnout. Dielectric faults occur he  charge the transformer with downstream breaker kept
winding due to turn-to-turn insulation breakdowmeBe racked out condition. The observed PD value is £98n
are the insulation between the turns of the windingReason for High value of PD was found that inclosi
Insulation breakdown commonly occur due to highHT cable from breaker end to the transformer.

current and voltage, which are high above the rate
values [3]. The breakdown of the insulation restilts
the flashover of the winding turns and cause sho
circuit.

qt was suggested that to find the exact value ofoPBT
r\fvinding, the transformer is to be back charged fiiom
side with HT cable in open condition at transforreed.
Accordingly all the HT cables were removed at

The windings are usually of copper. Due to the eopp transformer end and following modification made.
line resistance thermal losses occur. These thermal

losses make hotspots in the winding due to lack of
maintenance. This over time causes wear and tedr an
the decrease of the physical strength up to thetpufi
breaking of the winding. Mechanical faults are the
distortion, loosening or displacement of the wimgdin
This results in the decrease of the performancéhef
transformer and the tearing of the turn-to-turnicatThe  Test was repeated for individual phases by closhey
main reasons that cause this fault are the improperLT breaker to charge the transformer. The observed
repair, lack of maintenance, corrosion, vibratiomda value of PD was tabulated in Table 3.

mechanical movement within the transformer. Insoiat
degradation due to environmental condition. Dus
ingression and accumulation of moisture due to tveat
condition at site may be a reason for the failufbe

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.

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

, R Phase Y phase B phase
room does not have adequate air exchange arrangemen
to keep out the moisture atmosphere in around the  4350pc 10640pc 13650pc
transformer panel. Hence, from the first phase gsial (4.35nc) (10.64nc) (13.65nc)




The above test was completed and system revertdd bdrig.6 The failure of the insulation that came auinfi the
to normal condition. The PD test was conductedrie o transformer Y phase winding.

of the 2500 kVA transformer at manufacturer sitel an In the thermal analysis of a typical 2500kVA tramsfer

the value indicated in the report was 16pc. It was arried out during the middle of 2018, the Fig.Hows

concluded that the PD value shown for the abovg . ;
: : .Clearly that top of the transformer side higher
transformer seems to be high in all phases. Whil emperature noted. [4-5].

preparing information data base, factory test fesor
commissioned test results should always be takea as
reference. a trend analysis for available data dtidue
made. With variation in a particular data, condiio
monitoring only pertaining to that particular parater
should be done.

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

There are different modes of failure of transforrasr
listed below:

failure due to electrical breakdown (@) (b)
failure due to mechanically breakdown
failure due to thermal breakdown.

All the three modes of failure contribute signifidlg in
transformer failure, but in these three modes termal
breakdown should be given priority for failure caus

(©) (d)

Fig. 7 (a) thermal image of the a one phase ofRE
transformer with upper half side, (b) thermal imagfe
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 imaggé
all the three phase top side of PCC transformem&aof
the existing records from factory and plant routiest
reports are also thoroughly reviewed and details as

Fig. 5. A fresh transformer shows the arrangemart a follows,

tightness of R, Y and B Phase. - Heating due to loadit is understood from the data

provided that the load is less than 50%, the design
was done forrated load and by considering over
loading condition as per standard. Temperature rise
test was also conducted at works before dispatch an
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 fbun
well within limits. The same was concluded by
during routine tests and type tests at works remf
factory records.



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

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 _madequate maintenance practice an%Iectrical Fire in a nuclear power plant will cause
procedures being followed. severe impact on the safety of personnel, equiparent

The casting process records of these transformefglant. Any such incidents should be avoided in the

were also checked, there were no abnormalitie§cipient stage itself. Adequate provision for gnetion,
found in the records. protection, deduction, mitigation of electrical dirhas

o ) ] been provided in PFBR. To improve this, few
Impulse and short circuit and partial dischargettes recommendations are arrived out based on the visual
on sample basis were conducted and results wekgspection of the transformer failure, failure apsis,
found satisfactory. thermal analysis and PD test etc. In addition, mmibee

Hence from the above, the failure of this transferm Steps to be taken for other similar dry type transfers
may be due to dust accumulation and inadequatdngpol to avoid such type of failure in future are given.
provisions available at the transformer room [6)n |
addition to this lack of maintenance practice /
procedures adopted for these kind of transformezsew
also a reason for the failure.

VI. CONCLUSION
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Required quantity of COfire extinguisher to be

provided near such dry type transformers. [4]

Approved maintenance procedure including JHA to
be circulated among the working personnel’'s and
shall be adhered strictly at site. [5]

The transformer room should not have openings for
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Ventilation level in the electrical equipment robias
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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 (PUQ+UQO,) 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 ralil
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

Table— 1: SSPCharacteristic

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

Capacit 3.34 /s

Discharge hee 65 mic

Spee: 900 rpn

NPSHg 3% 16.9 mlc

NPSka 30.1 mic (min.

Speed control rani 15 to 100% of nomine
speed

Normaloperating 35:°C

temperature

Maximum Operatin¢ | 45C°C

Temperature

Cover gas presst 3 bar (g

Sealing pressu Triple mechanical fac

seals with oil buffer

fluid
Pump powe 2330 kW
Input Voltage 6.6kV AC
Total heigh 5550 mn

Total pump weigt 25t (excluding

flywheel and motor)

Flywheel weigh 4t
Moment of inerti 1170 Kgn?
Motor Weigh 14 1

Seismic Catego 2 (OBE) Operatiol
Basis Earthquake

Anti-clockwise

Direction of rotatiol

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.

Fig. 1. Secondary Sodium Pui



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 um 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

Table- 2: 30 Ton HoisiSpecificatior

Capacit 30 Tor

Lifting Height 23 meter

Travel Lengtl 19 meter

Travel patl Curvec

Hoist Brak DCEM Disc

Travel Brake ACEM Disc

Trolley Buffel Rubber Typ

Trolley Motol 0.55kW- 2 Nos

Hoist Motol 15kW

Trolley Whee En-9 — 8 Nos

Wire rope 6x36 24mm di

Rope Drun Seamless pipe ASTI
A 53 Gr-B

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.

Fig. 2. 30Ton EOT Crar



Secondary Sodium Pump Handling Issues

As per the design of 30Ton Hoist
installed for SSP lifthg 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.

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 weightis 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 720mm 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.



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.

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.

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 & AVT3l1) 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.
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.
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 & AVT3l) 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 VariaSpeed Drives
Descriptiot Hoist Motol Long Travel Moto

30 Ton Hois 15 Ton Hoist 30 Ton Hois | 15 Ton Hoist
Rated Powe 15 kW 9.3 kW 0.55 kW 0.37 kW
Rated Voltag 415V 415V 415V 415V
Rated Currel 27 A 21A 0.7A 0.5A
Rated Frequen: 50H: 50Hz 50H: 50Hz
Rated Spee 1450 RPN 935 RPN 1450 RPN 1450 RPM
Speec-1 5 Hz 5 Hz 5 Hz 5 Hz
Speec-2 25 Hz 25 Hz 25 Hz 25 Hz
Speec—3 50 H: 50 H: 50 H: 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 séibland rel
operation of nuclear power plants. Mainly the nuclear power reactor design and systetioeviobas been
based on the logic of minimization of risk to an acceptable level and its figatitn based on a deterministic
approach and backed up by a further probabilistic and futuristic assessment. Howevég of sfinimization
of risk, the reasons for trauma in public mind that still prevails in theestraf severe accidents needs to be
understood and addressed. A more realistic basis for management of an accident in public tanmegads to
be quantified for this purpose.

The paper presents the case studies of the events in Nuclear Power Projects, itsssalénitylessons
learnt to update the error database. Designing Proper Tools/ Safety methoddogigswill avoid the future
accidents at all other Nuclear Establishments.

Keywords:futuristic assessment; deterministic approach; green, clean and safe power; Satttyodologies
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 sitirgp, desistruction,
commissioning and operation of Nuclear Power plants for generating of electricity trolean energy.
NPCIL is committed to perform all its activities with a high degree of technical ¢enggeand ensure
nuclear health and environment safety as par with international safety stan®#CIL shall strive for
achieving excellence in safety standards in all its activities where safety of nuclear fait8igesployees,
members of public, environment and any other stake holders is invalved |

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 hxen. In
workplace, the responsibilities for designing and implementing appropriate procedures is often assigneo
to a specific department, often called the "HSE" department which is respongibéavioonmental
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 harmfubssuatid substances.
It also includes training of personnel in accident prevention, accident response, emergencydmegsr
and use of protective clothing and equipment [2,3].



2.0
2.1

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 hefsng séduce
the company's carbon footprint. Successful HSE programs also include measures to addressostgonom
air quality, and other aspects of workplace safety that could affect the healthetiroking of employees
and the overall community [4,5].

Basically, the objective of this paper is to study the incidents at various nuclear pojemts
their consequences, lessons learnt and their compliance at Kaiga Site and to saggegtriate
recommendations to improve and maintain safety and health of the plant workers & public.

LESSONS LEARNT FROM RECENT ACCIDENTS/INCIDENTS IN NPPs
INCIDENTS-1

a) Description of Incident

On 29.03.2019 at GHVP Hissar Project site between Grid V-W, Ground Improvemdnt wor
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 thetwoeen
Grid V-W, the dumper headed towards WMM for loading mixed soil. While movingdsoWaviM
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 relatedtpmes were
taken by the Contractor. The flag man was available for controlling the movement of the aatlith
indicate the dumping location. The vehicle driver Sh. Gurmesh Singh admitted that it was happenec
without his knowledge. The committee observed that due to covering the reflecting jackekétytbée
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:ithe 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 sha
be ensured in each and every activity at work place at all-time [6].

6. Methodology and job proceduraduring 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 Inbara).aged 36 years, a
contract employee of M/s L&T (HTS Group) fell down an excavator, from a height of &d&undat
around 23:15 hrs on April 15,2019 while attempting repair of a hydraulic hose of theagacaHe
was shifted immediately to the first aid centre and Further he was admiitédamyakumari
Government Medical College Hospital by around 01:00 hrs on April 16, 2019 for furtiaémeat. He
was admitted in ICU with full life support. While under medical trestt he died at about 07:35 hrs.

b) Root Cause:

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

c) Lessons Learnt

1. In case of accidents involving serious injuries, the first aid Attendant should diatelg
provide necessarfirst 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 Illlumination of 100-150 lux.

4. Job specific training and competency level of workers shall be ensured while deputingpithem
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

System$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 subktantia
construction hazard and is among the leading causes of serious and fatal injuries of ciomstruct
workers all over the world. On October 25, 2006 contract workers were erecting pipe sugiport
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 hazalkdsvAss
Practically Possible (ALARP).

2. Line managers and safety team shall carry out periodic safety surveys to identify agxt corr
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 performedetd pre
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 amutisted
These lessons are the tools to avoid the similar types of accidents from recurriatheat
plants/Projects. Designing Proper Tools/ Safety methodologies surely will avoid uhe daotidents at
all other Nuclear Establishments.
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Prudent Safe Practices to Overcome Risks Associated with the Use of Chemicalsiiad@iction
of Special Materials

Samyuktha G, Mirji KV, Sudhir Thakur and Dr Dinesh Srivastava
Nuclear Fuel Complex, Department of Atomic Energy, Hyderabad, India, 500062
samyuktha@nfc.gov.@ndmirji@nfc.gov.in

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 detailled coverage on
wastehandlinganddisposalprocedures institute-
onalized, performance-based framework of safety
is essential for sustenance and survival 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 procedurehave 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 discassthe
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
m?), 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 oentified, 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 inhergmbperty 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 (hazajg 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 d¢db & high

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 physicalexplosive,
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 | Acute  Toxic
Cyanide health hazard
corrosive
Toxic Acute
elements | toxicicity
like Se, Te
Zirconium | Pyrophoric
powder Solid

Exposure limits of the chemicals in Table 1 are
given in Table 3.

purity materials for specialized applications are _Table 3: Exposure limits of the chemicals
tabulated in Table 1. Chemical | TLV - TLV - Ceiling
TWA STEL
Table 1: Chemicals used/handled HF 3 ppm 2 ppm

Chemical Purpose TBP 0.2 ppm - -
HF & Fluoride soln| Used in production dilb Kerosene | 200 mg/ni | 15 mg/nd
TBP Used as Solvent Ammonia | 25 ppm 35 ppm
Kerosene Used as diluent for TBP HCN 5 ppm -- 10 ppm
Hydrogen Used in production of Nb Selenium | 0.2 ppm - -
Potassium Cyanid¢ Used in production of golf Explosive limit

potassium cyanide Hydrogen | 4 £76% by Vol. in Air
Ammonia Precipitation oNb/Ta soln. Min. Ignition | Min. Explosive
Elements like Se| Production of high purity Energy Conc.
Te materials for electronics Zr powder| 5 mJ 0.045 g/l
Zirconium powder | Prodn for defence appin. (<10p)




3. CHEMICAL RISK ASSESSMENT

Chemical Risk Assessment takes into account of
both hazard and exposureThere 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 measyg=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 Prevent’

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 Petect” UHIHUV WR VA\VWHPV DQG

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

UHIHUV WR WKH XQGHUV\?Q‘??SQZ(%E

also incorporate risk communication
processes.

X  Responsé U HbHddponse 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 chemical§.o 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.
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
ysiem y out. The system
nisjga a@v@y hat the probability
of initiation of a fire is minimized. The
concept of defensi-depth against fire and
its consequences as it applies to fire
prevention is applied
X @Hlﬁﬁqﬁg%q{ WWB‘W chemicals in
e 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

b)



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 Use CO2/DCP

(TBP/Kerosene) 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
WR UHDGLO\ LJQLWH
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.

DFWLYH SRZ(



X Toxic chemicals are stored in identified b)
locations that are segregated from
common process areas.

x Storage of flammable chemicals is
limited to prescribed levels.

X Acids like HF, HSQO, 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 d)
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

Il.  Administrative Controls

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
ZRUNLQJ SURFHGXUHYV GRTV
required PPE.

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

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.

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 shifin-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
DVRigenaGcr)Q T \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 shifin-charge. These details
are further checked and the permit is issued
by SED, NFC with additional safety
precautions, if any.

Display and caution boards

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

f)

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, Rubbe
shoes, Gum boots

Contact/Penetration| Gloves (Postmorterm
surgical,cotton, asbestos
Goggles, Aprons, Hoodj
PVC suits

Noise Earmuffs & ear plugs

Mechanical Metal toe safety shoe!
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 -
AND AWARENESS

For systematic development of human resources
and performance improvement, effective and
efficient training is required. Different layenf
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.

TRAINING

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.

HE:

Symptoms of HF exposure include irritation of
the eyes, skin, nose, and throat, eye and skin
burns,rhinitis, bronchitis pulmonary edemaand
bone damageOnce 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 4§ source of CAthat 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 Qby tissues. Treatment

of cyanide poisoning consists of diverting the
cyanide into the production of cyanmetHb.



Fig 3: Mechanism for recovery from CN' 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,(y the reduced
Cus, which becomes oxidized to €uThis NO
generatedn situfrom AmN should replace the
CN/, forming an iron-nitrosyl species at the heme
g 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
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:

emergency

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
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.

(OHC)

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 o
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 lgniting 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.

() Redesign of mixer settlers to avoid
frequent leakages at the thermoplastic weld
joints

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

(iif)  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 ageration
experience in enhancement of industrial safety and occupational health. It bringsetogatnmon
elements that typically constitute an effective system. It should be noted that the drewrargsoand

the cause of events helps us to take pro-active measures to implement effectivieiemdhefhlth

and safety culture at the operating sites. The main components of systems for the feédback
operational experience for gathering relevant information on events and abnormal conditions that
have occurred at nuclear installations throughout the world have been listed ipeibér.

Keywords: Elements and criteria of operational experience feedback

INTRODUCTION:

Operating experience is a valuable source of information for learning about and imprbeisgfety

and reliability of nuclear installations. It is essential to collect suchrinfdion in a systematic way

that conforms with proper reporting of events occurring at nuclear installations during
commissioning, operation, surveillance and maintenance activities and decommissionirap and
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 experietite from
maintenance of safety related equipment and the collection of plant specdiulitglinformation

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, Gnalygaate,

trend, corrective actions and utilize information in relation to abnormal events rogat nuclear

power plants in India or abroad and to disseminate this information to thearel 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 yoasafet
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 experiéntesewit
organization.

IMPORTANCE OF LEARNING FROM THE FEEDBACK OF OPERATIONAL EXPERIENCE
IN INDUSTRIAL SAFETY:

The primary objectives of a system for the feedback of operational experientieatino safety
related event remains undetected and that corrections are made to prevent the recurrencg of safet
related events by improving the design / altering the operating procedure by int@datd points,
caution remarks etc/ introducing a third party check(s)/or the operation of gtallation under the
supervision of safety personnel/ increasing the surveillance of safety personnel. &hananéflects
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 safetysanalys
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The investigation and reporting of events contribute to improvements in nuclear antiahdagety
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 addresstihe safe
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 siveulthe
following:

™ Reporting of safety related events/ near miss eventd he 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 ed takdian
standards and further actiois taken as per the requirement. Other systems of reporting
internal events are Event report (reported as per Event reporting criteria givierchmical
specification), SER (Significant event report), (reported as per SER reportingacgteen
in technical specification).

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

™ |nvestigation and analysis of eventsExternal 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 anigdonve
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 $everity o
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 problemsThe purpose of an event trending
process is to determine the frequency of occurrence of certain conditions thabdeve
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 factor
to explain why a trend is occurring. Corrective actions then, focused on addreksing t
FDXVHV DQG ZHUH LQFRUSRUDWHG LQWR WKH RUJDQL]DWLF
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

INTERNATIONAL
OPERATING EXPERIENCE

WANO
MEMBERS

EARs,ENRs,

MERs

INDIAN NPPs
OPERATING EXPERIENCE

IAEA: IRS
REPORTS

KAPS- 1&2

RAPS- 1&2 NAPS- 1&2

PLANT OPERATION
EXPERIENCE

TAPS- 1&2

LOW LEVEL EVENTS
NEAR MISS
EVENT REPORTS
SERs
RCA REPORTS
TECH. BULLETINS/ECNs
SORC MINUTES

MAPS- 1&2

KGS-1&2 KAIGA- 3&4

WANO:
STRENGTH &
GOOD PRACITCES

WANO:
SOERs,
SERs, JITs

KKNP- 1&2

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 occurredrelsewnder
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 worktiiffese 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 improvementtbé
process for the feedback of operational experiencé\ periodic review is carried out of all
stages of the process for the feedback of operational experience to ensure thatsall of i
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.¢h for bo
providing and receiving experience. Internal operating experience refers to the process
whereby a nuclear installation learns from its own experiedcencluding sharing that
experience with otherg 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 REPORTINGCRITERIA
Apart from sharing all the events relateditalustrial Safety/ Fire and Occupational Healttthe
events which require immediate concern and may help other operating stationshengét
from our experience are reported to other stations. Some of the reporting criteriastace li
below:

™A plant shutdown as required by the operational limits and conditions.

™ARN 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 tfierpance of
duties necessary for safe operation;

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

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

™Any liquid or airborne releases of radioactive material to unrestricted areas in ertess
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 installaticdhat
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 operatiomathat¢sulted
in, or that could result in, an operating condition that had not previously been analysed o
that could exceed design basis conditions;

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

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

5. CONCLUSION

Operational experience feedback and corrective action implementation is the keypaniduim
method of safety improvement. Such technique hewlfolflowed at all the nuclear installations

for cross learning of experience. iShproactive approach can be utilized effectively in
enhancement of safety at workplace. The following advantages have been realized using this
programme:

™ Avoiding the same mistake twic&hose 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 eveBkperience
sharing reduces the time and energy to analyse the event.

™ Reusing ideas documents and expertigeist 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 quicklyWe all need information to do
our jobs effectively, but we also suffer from information overload from an increasingyvariet
of sources.

™ Making scarce expertise widely availablH: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 siz&s 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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INDUSTRIAL SAFETY - EFFECTIVE MANAGEMENT OF
OPERATIONAL EXPERIENCE
TOWARDS ENHANCED INDUSTRIAL SAFETY
(Feedback of operational experience and its utibndor enhancement in

industrial safety
Rahul Verma, SO/C, IS&F, MAPS, NPCIL, Kalpakkam, TN
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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, atl.
workplaces and roads. This article is an
overview of the literature on learning from 2,
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

reducing measures which may prevent future
accidents.

BACKGROUND

Similar type of models/ methodology

Nine stage set for accident investigation

(See fgure 1)

Six stage methodology for accident /disaster
investigation (Seedjure 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 accide
investigation

scenario in order to be able to propose risk 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 accide
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.

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

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

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

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

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.

Investigation

Dissemination

11

Figure 3: (hain of accident investigation ste



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.

BIBLIOGRAPHY

Learning from AccidentsExperience feedback in
practice by Anna-Karin LindbergSTOCKHOLM
2010



APPENDIX
National Institute for Occupational Safety and

Health. (1980). Procedures manual for use of the

NIOSH accident
(AIM)

investigation methodology

ACKNOWLEDGMENT

Various accidents have taught a good lesson to

the people. It is rightly said “the lesson learnt
from accidents is written with the blood of
victims”. Sharing lesson learnt work as proactive

mode for other industries to prevent accidents.

In Nuclear industries any nuclear incident

becomes a common form for discussion and

lesson is learned by all. Similar way Industrial
accident shall also be included in operating
experience sharing programs.

REFERENCE

Helmreich, R. L. (1994). Anatomy of a System
Accident: The Crash of Avianca Flight 025.The
International Journal of Aviation Psychology,
4(3), 265-284.

Lindberg A-K. “Learning from Experience in
Municipal Environmental Inspection”, submitted
manuscript.

Edmondson A. and Moingeon B. (2004) “From
Organizational Learning to the Learning
Organization”, In Grey C. and Antonacopoulou
E. (ed.) Essential Readings in Management
Learning, Sage Publications Ltd., London,
England.

Heinrich's Domino Theory



! $ % & ' &

|
#
% &
" $
$
( &
( $
($ &
- (
$
$
) $
$
$
( s
$ & s
$
$ (
! $
(
& $
$ $ %
$$ ) 2
. . $  $ $ /0(12



$ &

*3

(*
&

/81/91 !



$ %

$$

$$

[A1

#

53"16



$$

$

$%

&
&

0
#
A
ll/:

A9

1

6 5AE096

C
B

AEOIG6

! #: 4 :B C D

!
7 5AEO08 @ &6 !
? #
A==5006%0AGG*0AH=
"D : ?; 4
C& #
1 4 4

14 # 1 |/

5<.6%

14 #
53



#
1" #$5%&S$ ' I
) v
#
, - , o
-+
, ! %
+ ) - "
0
+
- )- .+ %
- /
- +n$
) ) #
) ’ - )
0 +
- ' ) $-
$ "
) 1 1 .
R / ,
) -
) I )
b i - )#
) : I )
/3 +
o,
-, -2
- /)
33 +
#

%
%

& n |
# ) # * +
% #
)/opg
2
# #

!
%
#
!
)

$

$

%
#

" HS%H | #H&S'



%

%

%

%

%
[
&
#
0 %
# %
% %
$
$
#
" % # l
&
- )& -+
& 1
/ |
! #
# 7
809#
" #
s. e533 &
! !
#
0

% #
I I
0
!
!
$ !
% %
%
%
( %
!
!
#
!ll
#
#
!
!
#
) o+
)&- 0 ; ++
! !
6 !
# ) 6 +
% ! (
n #

! "OH#HS%H ! #&S!



#

%

%

$ # 9%

%

1%

%

1%

#&

(s

% 1

.y ) t%)/599+> x &

JISGAB+
>

, 7
/553> 4
) %

= . %

E -); +%)/551+>,

%

= E%

*

>

9332A0A123@9:%
*
% 11
%
, %
$ n
% )@33@ +
% 6 % : %
I

! ); +% )@33

% # #

% 'F

"OHSWH !

#&$'



Case studies- An Effective Tool for Industrial Safety Enhancement

Praveen Dubey Kailash Gharat S.D. Bharambe A.S. Vajarekar
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Industrial Hygiene and Safety Section
Bhabha Atomic Research Centre, Mumbai- 400 085

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 hazardsWedo 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 workkrs in al
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:

¥ 2FFXSDWLRQDO LQMXULHYV ZKLFK LQFOXGH DQ\ KDUI

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

I 2FFXSDWLRQDO LOOQHVVHV ZKLFK LQFOXGH DEQRUP

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 worketdH LQULFK{V $[LRPV DOVR \

Accident prevention techniques are analogous with best quality and production techniques.
7KH +HLQULFKYTV “Ri® capsderz khR (rst scientific approach to accident
SUHYHQWLRQ $FFRUGLQJ WR +HLQULFKnc®tQatiial adidd QW
an injury, a result of a personal or mechanical hazard. These hazards exist only theoug
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

L



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 here 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) Employedanrthe

of worker, visitor, etc.

We do not wish any accident, but when any accident takes place even after effedtiemtAcc
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 pkayimportant 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 |@ds&hether catastrophic or ndis involved. The goals of
Case studies as:

f GHOQWLI\ WKH LQFLGHQW DFFLGHQW QHDU PLVV

¥ $SFTXLUH &ULWLFDO .QRZOHGJH

t 6KDUH WKH VWRUHG .QRZOHGJH LQ IRUP RI FDVH VWXG

¥ $SSO\ WKH .QR Z GaieGiluatiRsubhsaS éefings, training etc.

¥ " HWHUPLQH WKH HIITHFWLYHQHVV RI XVLQJ WKH DSSOLH

f S GMXVW .QRZOHGJH XVH WR LPSURYH HIIHFWLYHQHVYV

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
IURP RFFXSDWLRQDO ULVNV %XW HPSOR\HUVY UHVSRQVLI
occupational hazards and a commitment to ensure that management processées safety
and health at workFor 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 consultatiattitude change often follows.
Perceptions 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 examplesA 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:
¥ The hand lamp did not have a guard over the bulb.
¥ Supply to the hand lamp was taken through a two wire flexible cable from a tapping
point at a distance of about 10 m.
¥ The cable had joints at three different places.
Recommendations:
¥ A joint free three cable with proper earthing should be used for hand lamp.
¥ Supply should be taken from the nearest supply point and should have isolation
switch near to work spot
¥ Hand lamps with guard should only be used.
¥ 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:
¥, 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.
% Shearing machine is used for cutting epoxy sheets.
Recommendations:
% 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.



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

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

% 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:
¥, Forklift driver neither ensured that the path was clear before reversing nor hooted the
horn to alert the persons nearby.
¥, The person was not wearing safety shoes provided to him during the work.

Recommendations:
%, Forklift driver should hoot the horn while reversing the vehicle to alert persons
nearby.
¥ 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 Debrayl, Amjad Abou Assali, Isabelle
Pradaul, Jacques Vaudelin and Dominique Leimeeis-00976181, version 1 - 9 Apr 2014
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Root Cause Analysis of the events for effective implementation of
corrective measures with a case study
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Abstract:

Root cause analysis is one of the most important elements of problem-solving in any doganizat
7TKDWTV EWMEPUXH/HQRW DLPLQJ DWeWOKH QUHYKW BMD DBEOM WR HOLF
SUREOHP W K&l fiork Envitbwieqt.Jin science and engineering, there are essentially two

ways of repairing faults and solving problems or eliminating disastrous events. Reactive mamagemen
consists in reacting quickly after the problem occurs or event takes place, by tréatisygriptoms.

This type of management is implemented by reactive systems, self-adaptive systems, seif-organize
systems, and complex adaptive systems. The goal here is to react quickly and alleeifieetthef

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 tingrialyietail
problems or events that have already occurred, and taking actions to make sure theyowuar

Speed is not as important here as the accuracy and precision of the diagnosis. UEhés fon
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 ttotheoba 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 frieenemnt operating

plants as well as in construction sites - and they must be undertaken in systemaiticordgsto be

effective. The general process for undertaking a root cause analysis is:

¥ Describe the problem/event we are looking at

¥ Collect the data associated with the event

¥, 1dentify potential causes for the event

¥ 1dentify which causes you will remove or change in order to prevent repeat events
¥, 1dentify solutions that will be effective in preventing repeat events

% Implement changes

% 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 timggetting 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 modesitfor fail
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 cécriunitber
of tasks that produce significant overall effect. It uses the ParetofReifalso known as the 80/20
rule) the idea that by doing 20% of the work you can generate 80% of tHé bédeing the entire
job. Take quality improvement, for example, a vast majority of problems (80%yr@deaced 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. Ju
suggested the principle and named it after Italian economist Vilfredo Pareto, wheeditbeit 80%

of income in Italy went to 20% of the population. Pareto later carried out surves@rie 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 cduwseroblem. An FTA uses
Boolean logic to determine the root causes of an undesirable event. This root cause eclahygiset
is often used in risk analysis and safety analysis. At the top of the faulthamdesirable result is
listed. From this event, all potential causes tree down from it. Each pbtemnise 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 oldesngrexist and
you want to get to the root causes of all the problems. The first step in creatinmgrd reality tree is
listing all of the undesirables or, problems. For example, you may have thwifigllproblems with
your computer:

Now, what happens next is to begin a chart starting with each of those problemsaisiag
ODQJXDJH LI«kDQG«WKHQ 7KH WUHH ZLOO GHSLFMOBDFWKSRWHE
will show one cause that is linked to all four problems.

Fig.-4



Fishbone or Ishikawa or Cause-and-Effect Diagrams:

No matter what ternwve use for the fishbone diagram, the trighhat it is a useful technique that will
helpusin your root cause analysis. A fishbone diagram will group causes into categories including:

Y. People

¥, Measurements
¥ Methods

¥, Materials

¥ Environment

% Machines

Fig.-5

Depending on the industryve are in, we may use different categories such dsH ofv
(Manufacturing-Man Power, Machine, Material and Measuremeit)dt 6 ®iWice6 Systems,
Surroundings, Supplies and SkillsRU W KH 3TV D Oliagav gdisYitk Ratine dudtd the
fact that it looks like a fishbone, with categorized causes and their sub-causes visualized.

Fig.-6



Kepner-Tregoe Technique:

The Kepner-Tregoe technique, also known as rational process is intended to break agooiolém
its root cause. This process begins with an appraisal of the situatidrat are the priorities and
orders for concerns for specific issues? Next, the problem analysis is undertakeranvaeralysis is
undertaken to get the cause of undesired events. Then, a decision analysis is tackled, @ubosg v
decisions that must be made. Finally, a potential problem analysis is made ®thastie actions
decided upon in step three are sustainable.

SITUATION ANALYSIS

I - :
PROBLEM ANALYSIS DECISION ANALYSIS POTENTIAL PROBLEM ANALYSIS
Fig.-7

RPR Problem Diagnosis:

One final technique used in root cause analyses is the RPR Problem diagnositarRBRor "Rapid
Problem Resolution" and it deals with diagnosing the causes of recurrent problemmotess 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

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 Serftectrical 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 htid Algput 20 canteen
staff was sleeping in the incident area. Fire was extinguished successfudbntaen staff using
portable CQfire extinguishers. There was no loss of life or property.

Concerned Unit Level Safety RPPLWWHH FRQVWLWXWHG D WDVN IRUFH WR F
of the incident. Task Force Team visited the incident site, interactbccanteen staff and collected
the facts.

Canteen Staff awake after sensing a burring smell with dark smoke all around. The poweofsupp
the area was tripped. Canteen staff could see the burning of electricaitirethe help mobile
torch. One of the canteen staff rushed(®, fire extinguishers which were kept nearby. He activated
the fire extinguisher applied on the base of fire. Fire was successfully extinguisimed two
guantities ofCO; fire extinguishers.



The canteen area was well under Fire Detection and Alarm System of the buildidgtyGsecurity
guard could hear the fire alarm and location of the fire incident on the FDA peameddiately,
Security guard reached incident location and confirmed the fire incident atatteal Fire Services
Section through concerned Assistant Security Officer. On receiving the FirEBicalCrew arrived to
the incident location and ensured no further fire.

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

Electrical Fire

Burning
Electrical
Cables

Electrical wires become
Combustible Material

Both Oil Lamp & LED Series lights

Lighting
Oil Lamp

Presence of
LED Series
lights

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

Recommendations:

¥ The lighting of oil lamp, incense sticks (Agarbathi) etc., near to the combustible hsaseaia
unsafe act as per the industrial safety point of view. Hence, the lighting of oil lamps, agachathi et
at office premises shall be strictly discontinued.

¥, Fire Safety Training shall be imparted to all the canteen staff
¥ Exit and route marking with self illuminating tape

¥ Ensure the switching of electrical gadgets during night hours
¥ 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 In\astigby 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.

KeywordAir 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 itis
to create spaté The prediction and
assessment of the rock size distribution
produced by blasting are important in
understanding the blasting prod@sand 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 toff. 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 patrticle velocity should be
less than 70mm/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
tablel.

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



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

contracts.
4 Blasting Maintaining safe
procedure blasting procedures.
5 Inconsistency | Test explosives
in performanceg develop procedure
of explosives | for use of explosives
ensure shot firers ar
licensed and
experienced.
6 Damage tg Evolution of ground

acceleration and a
blast overpressure

structures

7 Risk of fly | Calculate quantity o

rock explosives,
stemming and
capping, set uf
exclusion zones, us
blast mats

Measures
S.No Identified Risk Control
Risk

1 Unauthorised | All approaches to th
access to blag project site, shall bg
area closed by barriers &

a distance of not leg
than 400 m,

2 Inadequate The blaster shoul
training  and| have valid licence
competency fol issued by competer
staff authority and having

a working
knowledge of Rules
and Regulations
pertaining to
explosives.

3 Competency of Review competenc
contractors and training; se

minimum standards
state requirements i

2.10utline 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,
equipment and method
Procedures for loading and charging
x Detonation sequence/effective charge
PDVV SHU GHOD\ 0,& MSRZGH
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
Warning systems
x Explosive storage
procedures.

firing

x

x

and handling



Table 2 Site Controlling Parameter

S.No | Description | Limits Reference

1 | Safe guardg 400m IS 4081-
distance af 1986
the time of
blast

2 | Permitted 15m Indian
distance of Explosive
work at the act
time of hole
charging

3 | Peak 75mm/s | IS 14881-
Particle 2001
Velocity for
concrete
structure

4 | Safe air] <130dB | AS 2187.2-
pressure 2006
level

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 Ky
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 Bend
Height
Diameter of holes 38
(mm)
Depth of hole (m) 1.2
Burden (m) 1
Spacing between 1
holes (m)
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
(20gm/m) and chord

relay of 17/25/42 ms

Specific charge 0.31
(Kg/Cum)
Drilling sequence Figure 2

Figure 2 Drilling and Charging Pattern of
Blast



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 | Permitissued

2 | Hole were drilled as per
plan

3 | Licence of Blaster verified

4 | Explosive Class verified

5 | Charging done as per blas
design

6 Delays are installed as pe
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.8000rf) 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 (FRFGQFonstruction
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 795¢ 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 becoma confined space area where
many workers are engagéd formwork such as
shuttering, de-shuttering, etc., and concreting on
round the clock basis. The work was reallyery

big challenge in many aspects w.r.t. to indusgial
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: AMEGA 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



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 1.5mcluding 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. lllumination level

6. Entry and Exit route markings
7. Fire hazard



8.
9.

Accountability of workers
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:

ahrwdE

JHA & daily checkilist.

Safe work procedure.

Pep talk & Training.

Proper access provided in 3 places (Fig.-3).
3nos of 800 dia, 10Hp Mechanical ventilation
system was installed (Fig.-4).

Oxygen level monitored with the help o, O
meter.

Walkie tTalkie 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,
calculated risk was taken with implementation of
utmost safety precautiorie 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.



TASK 3: TRANSPORTATION OF ODC 5.
TANKS

The ODC tanks with the dimension of 14m length, 6.
5m height and 4.7m dia were transported from
different parts of India to FRFCF successfully to 7.
the storage locations. The problems faced and
resolved are discussed below in detail.

Constraints: 8.

1. Securing ODC Tank at trailer bed to avoid

toppling.
2. Lifting the ODC tank and reversing of trailer

Red flag was fixed at the back of the trailer
and flickering lights were also installed.
Stability of the soil condition, MS plate and
wooden sleepers were ensured.

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

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

Summary

between the jacks. Shifting of huge tanks is common in industries but

w

Toppling of vehicle during movement.

the constraints will differ from place to place. The
same was happened in FRFCF site, the work was

4. Hitthe HT/ LT overhead electric power lines  ,ghery planned wirt. procedures, field survey,

and trees while transportation. training, test certificates of mechanical equipment

5. Adverse weather conditions. used during transportation & unloading. This entire

6. Protruding materials /structures. process of making the planning, procedures and

7. Uneven ground surface at unloading area. finalizing the documents took time to set right but

8. Failure of mechanical parts of power jack. ';ihne]ework was completed unexpectedly within the
CONCLUSION:

S0 many consequences aroused during
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

the

FIG. 6: ODC TANKS safely as the tasks done safely.
Safety Precautions:
REFERENCE:
1. ODC tank was secured by stoppers and ; = ,\rpp safety Guidelines NO. AERB / NRF /

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.

2.

SG/1S-1 (Rev.1)
Atomic Energy (Factories) Rules,1996
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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

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

create awareness among the workers, site supervisor,The handling of real RCC structure is first time in

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

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. Themain REMHFWLYH RI WKH V)
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 positignof

programme of scientific Research and advanced Rcc framed structure model of size 5.5 m x 5.5 m x
engineering directed towards the development of Fastg m having around 30 MT in weight.

breeder Reactor technology. Structural Mechanics lab

of IGCAR is extensively involved in structural
dynamics studies and most of the FBR related
mechanical structures are handedl00 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
fulfiling its obligations, statutory & concerning
prevention of personal injuries for maintaining safe
work environment. IFSS carries out detailed job

$V PHQWLRQHG HDU O bélapplad tdH F W
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 of200 MT capacity of tyre mounted
telescopic boom crang& QRdi 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
gualified ophthalmologist to work. Vision test
certificate, valid crane operator driving license,

safety studies for selected jobs such as shifting andfitness certificate for telescopic boom crane is also

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 1000/M

shake table facilities. Administrative controls were
implemented in the form of work permit system like
height work permit, hot work permit, excavation

ensured before starting the work. In addition to this
Height pass test is also conducted for crane opsrator
and riggers. Safety induction training is imparted for
all the workers who were involved in shifting and
positioning activities.



CHALLENGES:

1. Existing sliding door opening at SDL facilities
through which structure to be taken inside forigst
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 doentrance of the
SDL facilities.

3. Presence of ramp in front of the sliding door

Fig. L VIEW OF SHIFTING 05 TWO STORIED RCC entrance was major constraint while lifting the

STRUCTURE & PLACING AT THE ENTRANCE OF structure with the help of 02 no’s 80 MT cranes. _
SLIDING DOOR. The same evener beam 250mm ISMB was used for it.

_ o ] _ - Due to the tandem loading and boom restrictiorné t
Height work permit is obtained prior to the shifting 30 MT cranes the slings angle was reduced to less than
work. Entire area was barricaded to prevent 45 degree which has caused uneven loads in the evener
unauthorized entry at the time of shifting and peam and got buckled. The evener beam was

positioning on shake table. While shifting RCC redesigned to suit this crane and load distributitth
framed structure guide ropes were used. Hand signal:450mm ISMB and got lifted.

and flags were used for better communication L ,
purpose. Safe work procedure is prepared before the4- Space constraint inside high bqy o_f SDL facilities,
start of shifting activity which is approved by thg free_ space avallabl_e for working is less araf ro
Engineerin-Charge (EIC).200 MT capacity of tyre  N€ight is 15m.The maximum boom lengthi?60MT
mounted telescopic boom crane is used for shifting C@Pacity crangs of 15mand it was parked inside the
the RCC structure from the fabrication area to building for lifting and_posmonlng of structurend.00
entrance of the sliding door. Then 2 fi@f hydra MT shake table. To lift the RCC structure the boom
crane of capacity 30 MT were used due to space lengthcant be extended due to height restriction of the

constraint to shift the RCC framed structure from the facility.
entrance of the sliding door to place it on shake table.

. Fig.3. VIEW OF TWO STORIED RCC STRUCTURE
Fig. 2.VIEW OF BUCKLING OF EVENER BEAMS ENTERED THROUGH SLIDING DOOR TO INSIDE
HIGH BAY OF DIAMENSIONS (6.5m x 12m)



The work was carried out under strict supervision by
EIC, contract supervisors & safety personnel. Cautio
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 oflifirst
and it was demonstrated for finding out the diffiiad

in de-slinging & de-hooking of evener beam. Double
Life lines were established between the columrtbef
structure. Good quality of PPE’s were ensuredHer t
workers involved in shifting and positioning acties.

Fig. 4: POSITIONING OF TWO STORIED RCC
STRUCTUREON SHAKE TABLE WITH HELP OF200
MT TELESCOPIC BO®™ CRANE.

Fig. 5: VIEW OF THREE STORIED RCC STRUCTURE
POSITIONEDON 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
108V ZHUH UHSRUWHG LQYHVW
action.

REFERENCES

1. Atomic Energy (Factories) Rules -1996
2. AERB Safety Guidelines, Control of Works.
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ABSTRACT between 1.1 and 1.3 meters high and made up of
steel plates.

Most of the industrial RCC ventilation stacks are Principles of slipforming are illustrated in Figure 1.
tall structures with circular cross-sections. Slipform operation is a continuous working process
Ventilation stack and chimneys are essential in the where the slipform is kept close to full of concrete
process industry to carry the gases vertically and while it is lifted stepwise. Slipforming is labour
discharge it to the atmosphere; during the intensive over short periods, but when properly
construction of these structures, safety plays a vital planned and executed it offers significant advantages
role for successful completion of works. Slipform is a with respect to overall construction time, quality and
construction technique which is used for decades for safety.
production of concrete structures. Slipforming
involves complex operations as compared to other
construction techniqgues 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 Fig.1. Cross Sectional View of Slipform Structure
m. construction of stack can be done by two ways

one is conventional type formwork and another one CONSTRUCTION METHODOLOGY

is slipform technique. With the past experience, the After design approval construction team approached
contractor and site civil execution team have chosenthe safety department with Job hazard analysis and
slipform method for construction of stack because it safe work procedure to construct 60m height RCC
is a highly efficient method of constructing tall stack by using slipform method. FRFCF safety
concrete structures. 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.

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 crossheam between yokes. When
slipform is lifted, all the jacks are activated
simultaneously. Hydraulic driven jack is most
commonly used. The slipform panel is normally



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
FIG.2. VIEW OF SLIPFORM REPLACED WITH  gujtches were installed at the bottom entry gate and
CONVENTIONAL FORMWORK top gate to prevent the accidental start of a winch.

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
VKLIWLQJ WKH UHEDUYV VHSDUDWH ZLQFK KDV EHHQ
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.

FIG. 3: PROVISION OF COMMUNICATION AND
ENHANCEMENT ~SAFETY IN VARIOUS  \/atniNG SYSTEMS

ACTIVITIES OF SLIPFORM WORK

Construction of 60m height RCC stack is a very 6KLIWLQJ RI FXUYHG VKDSH UHE
critical activity because the involvement of height €levation:

works. Some challenges were faced during the gk |wL QJ Rl UHJXODU VKDSHD@HE
construction work and each activity was performed pEwWLYLW\ EXW L QO D VWDFN FRQVV
after enhancing the safety in the Slipform. Some of \wWR EXUYH VKDSH D QG VKLIWLQJ
the safety challenges during the construction of RCC height is a tough job due to its geometry. To cveTe

stackare _ this issue a separate material basket is designed a
x Communication between people workir  fapricated at the site and tested by a third-party
ground and height. inspector and shifted the material. Ref. Fig 4.
Xx 6KLIWLQJ RI FXUYHG VKDSH UHEDUYTV WR WKH KLJKH(
elevation.

x Fall of men and material from a height.

x Construction materials and man movement.

x Illlumination 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 FIG4: 6+,)7,1* 2) &859(' 6+%$3( 5(%%$576
emergency. USING BASKET




Fall of men and material from a height: sufficient numbers of lights were provided and

During stack construction, people were working at illumination was monitored on a regular basis.

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 theSlipform working platforms are made of timber

material and the men and lifelines were also material which is combustible in nature and hot work
provided in the entire working platform so that the is also an essential activity for fabrication work for

worker can anchor their safety harness to the lifeline this purpose gas cutting set with gas cylinders will be
and height work permit is obtained for the slipform kept at slipform deck. During hot work there is a
work. All the workers working at height have possibility of fire incidents to avoid this hot work

undergone medical examination followed by height permit is obtained for the hot work and a sufficient
pass physical test. The area below the stack isnumber of fire extinguishers were provided and are
barricaded to prevent the personal movement. Ref. maintained on regular basis and also fire safety

Ensuring fire safety during hot work at height:

fig 4. training was given to the people working at slipform.
In addition to the extinguisher, availability of water is
Construction materials and man movement: ensured from the curing line.

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 graduallyA separate team of workers was identified for the
increasing day by day permanent access for materialslipform stack work in spite of that some of the

DQG PHQ FDQTYW HVWDEOLVK )Rgéope YWi8 BWeKintdRhé Atk QUiichRS a safety
material and men, a winch was installed with a concern. To address this issue a register with a
passenger cabin and material drum and thesesecurity guard is posted all the time at the entry point
equipments are tested and certified by a competentto check and allow only authorized persons to the
person before putting them in to use. Both are in the height. People are going to the height should show
same line and limit switches were installed for the their height pass card to the security and sign in the
gates and attendants also posted at both the gates. Tregister.

prevent the free fall of the passenger cabin and

material drum self-locking device is fixed and Material handling equipment inspection:

persons inside the cabin can operate the device in
manual mode to bring the cabin to ground level.

Ref.05

Unauthorized entry into the slipform structure:

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:
FIG 5. PROVISION OF SELF LOCKING DEVICE FOR

THE WINCH ROPE AND MATERIAL DRUM & Slipform structure needs an adjustable type working

PASSENGER CABIN platform because of diameter variation at the bottom
and top. To have an adjustable working platform the

Ensuring illumination and uninterrupted power platform is made of timber. Timber material is

supply: 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.

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,



Ensuring lightning arrestor, aviation lamp and Slipform technique can be used for a large variety of
monitoring of wind velocity: 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.

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 REFERENCES
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 2. K.T. Fossa: Slipforming of advanced concrete
connected the lead to the ground earth pit. Ref Fig 6. structures.

In addition to this aviaf[ion lamp & anemometer also 3. AERB Safety Guidelines, Control of Works PBrt-
fixed to monitor the wind speed in case wind speed

reaches 50 km/hr all the height works will be

stopped.

1. Atomic Energy Factories Rules (1996).

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.
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ABSTRACT (i) Reactive Safety Culturein safety,
a reactive response occurs after an
_ _ injury or illness and usually has the
BehaVIOUF-based-Safety (BBS) IS the purpose Of m|n|m|z|ng the costs

"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 behasiour
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:-

associated with the injury or illness.
When management emphasizes a
reactive approach to safety, it sends a
negative message to employees
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
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.
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.

(i)

(iii)

(iv)

That is why behaviour based safetg i

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.

BBS
Observation
Checklist Card

Company/Area/

Dept. Date:

No. of | No.
safe of at-
Behavi | risk
ours(a) | Beha
viour
s(b)

No. of
spot-
correcti
ons(c)

Behaviour
Categories

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/ | BBS Observation

Dept. Checklist Card Date:

Behaviour No. of | No. of | No. of

Categories safe atrisk | spot-
Behavi | behavi | correcti
ours(a) | ours(b) | ons(c)

1. PPE 30 6 6

2. Housekeeping 6 2 2

3. Using

tools/Equipment 15 2 1

4. Body 22 5 5

positioning

5. Material

handling 17 ! !

6.Communication 18 1 0

7. Following o5 1 1

procedures

8. Vls_ual 33 6 6

focusing

9. L_Jsmg m_oblle 9 1 1

while working

10. Rqad Safety 4 0 0

behaviours

Total= 179 25 23

%Safe=[a/(a+b)] 88

*100

% At

Risk=[b/(a+b)]*1 12

00

% Spot

Correction 92

[c/b]*100

Final

Improvement=[(a| 99

+c)/(a+b)]*100

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.

Acknowledgement

I would like to expressmy special thanks of
gratitudeto Project Director (P.A. Prata@s
well as Superintending Engineer (D¥l. Raja
Shake)y who gaveme the golden opportunity
to do this wonderful work on the topic
(Feedback of operational experience atd
utilization for enhancementin industrial
safety, which also helpedein doing a lot of
research and | came know aboutso many
new things,lamreally thankfulto them.

References
1. Behaviour-Based-Safety and
Occupational Risk Management by E.
Scott Geller.
2. Behaviour-based-safety in

organizations: saving life before the
accident by Dr. H L Kaila.

3. Behaviour-based-safety management
in Hong Kong's construction industry.

4. Behaviour-based-safety on
construction sites: A case study by
Rafig M. Choudhry.

5. How tR 7UDQVIRUP <RXU &RPSDQ\YV
Safety Culture by Jim Holland.

6. Safety Culture - Theory and Practice
by Patrick Hudson.



!
!
#
$ |
! #
I Il&
!
!
#
()
+ 1
!
| #
[ # 9%
# ! %
! 0 #
! %
! ! !
#

()
* #
! I
oo
I % #
!
#
I I #
#"

%

g1 oo OU1©

!
9:;5: %
! 9:<
9::5
#3
<
< |
< !
<
< |

%
5:<

%



<
[

#
$ # 3 /-
O
9: "

1 %
$ %

%
! 0
Il 8 $
+ 3"

)
#
+
) |
| = ,
#
) !
#
%
)
>
) 8
# A
4 -5
X %()
#

%



%

+,+ + - . # 3 /- (/-+-
| # ' # "
# # % B
| #
# ! # 8 |
1 % !# C I .Il n
| 11 % %
l # ' # n
1 # D% E - |
Cc ! !
#0) % =
|
%
| H# ! ! % !
% _ |
! ! !
| ] ! bo# % |
% B
!
+- 7 + ; 1% ! #
| # $ o1
# . D % E
# " ! B o!B *
+
1 % | # &8 ( 8 6
| # B
# | | H , | |
! [ #
$ !
l, 3
+
i
# %
+ &/
) |
!
.+|’ /Il ,
+,+ + - +- 7 + , +', I #
% # % ! #
I 9% 1 I # 3 ! 1
I # I #
"2
1 # 1 -

%

Cx



%
!
|
!
4
1 #
1 #
B
l|||
’!
0
L)
#
!
!
1 +
!
#
| #
41
Bl %
|
$
g1 #

%

%

+ ,  +
- C G !
* 3 +
+ # +, >
> % D+ = , #
H
13 C 999/
I6 C & 47 , 5:47 3 ',
; !
2 = H, #
% ! !
! ! " H
H& G B ! ! !
! >" F " # #
5K/
! ! - n
+
> " 547"
3 B> B 2
G # #
" + ! + n
* 1 xUmoxno 4"
76.6/
6J4"
2 # ,ll n ,$ HII
*"OE O+ ,U.bn 7"
# + 1 13 L
2 ] 4
# L
", 2 %B !



%

%




" &

I"#

1$# !

1$1%

7] l7 *%

6&,6 .9

86
#4

6& .9

8 4)

67 &6 ,9

"8#4

8/

7& + +

66 < &+

8 4)




7&;

@77,87;, CB#A 2 "



##

7,</

1&; #( 7,</

0 '<9 E

7.<l

1
$ 1
$#H#
o

<G o



<66

% !

7&; I#

% & ()

% * &

'() +, -



%

%

&7

%

% .

%

<’1 E



79

/

$2( 22

#

—~



Arc Flash Protection - A Case Study on Arc Flash Hazard Analysis

UsS Palan* N. N. Pisharody M. Ramasomayajulu
Sr. Executive Engineer (I&FS)  Chief Engineer(IS&F) Associate Director (HSE)
NPCIL, Mumbai NPCIL, Mumbai NPCIL, Mumbai

*Corresponding authouspalan@npcil.co.ifMob 9422676230

ABSTRACT Rack _in/Rack out lever m_echanism of MCC Cell for
ensuring proper door closing, a flash over took place.

Arc Flash Hazard Analysis is carried out to determine Arc He received superficial burn injury over his face and
Flash Incident Energy and Arc Flash ProtectionBoundary right and left forearms.

Arc Flash Protection Boundary is the limit within which
there is a potential for second degree burn to the persons
exposed to an electric arérc 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 froma 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 Analysis

during their work on or near electrical equipment. Arc  x Length of flexible copper strips between Lyra

Flash Protection Boundary is the limit within which contacts and isolator was more than the required.
there is a potential for second degree burn to the
persons exposed to an electric arc, when there is aX Length of B-phase bolt was more when compared

fault. A second degree burn is possible by an  With bolts of other phases.

eXpOSUI’e of Unprotected skin to an electric arc flash X Worker was not using electrical PPEs while

above the incident energy level of 5 Jcifi.2 adjusting Rack in /Rack out lever mechanism.
cal/cnf). Arc Flash Incident Energy is used to

determine the level of Personal Protective Equipment X While —adjusting Rack itiRack out lever

(PPE) required to protect the persons in the vicinity =~ mechanism of MCC cell, the cell might have
of arc flash from second degree burn. Arc Flash ~ moved and touched flexible copper strips of Y-
Protection Boundary is used to identify the distance ~ Phase (between Lyra contacts and Isolator) with

from the live electrical parts up to which significant projected length of B-phase bolt, leading to short
Arc Flash hazard exists [1],[2]. A typicahgestudy circuit between two phases.

on Arc Flash Incident and Arc Flash Hazard A.naIyS|s x Clearance between flexible copper strip of Y
calculations are given in the following sections: Phase and projected bolt length of B phase was
CASE STUDY less.

Event Description Cause

While carrying out Preventive Maintenance (PM) of a Reduced clearance between flexible copper strips of
415 V MCC Cell, there was an electrical flash over one phase and extended length of bolts of other
which resulted in burn injury of a worker. The worker phases.

along with his assistant was about to complete PM paocommendations

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



X Nuts and bolt®f required size should be ensured
between Lyra contact and isolators in all similar
MCCs.

Length of flexible thin copper strips between
Lyra contacts and Isolator in all similar MCCs

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

Igl,= K+ 0.662 gl + 0.0966 V +0.000526 G +
0.5588 V (Igh) +0.00304G (Igk)

VKRXOG DGMXVWHG DV SHU PDQRELPFWXUHUTY GHWDLOV

Arc flash hazard analysis should be carried out |5 | o,

and appropriate Arc Resistant PPEs shall be used

by the workers while working near charged
electrical equipment.

ARC FLASH HAZARD ANALYSIS

I Arcing current in KA
K 0.097 for box configuration
Iy Bolted fault current50 kA

Arc Flash Hazard Analysis was carried out as per the v System voltage in kV = 0.415 kV

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: 415V 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:

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

K+ 0.662 gk + 0.0966 V +0.000526 G +
0.5588 V (Ighy) +0.00304G (Igk)

1.3133355

Then, Convert from

- ldlgla)
— 101.3133355

Igla

la

20.5748 kA

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

Protective device characteristics can be obtained from
W KH PDQ X | D Fiabletl s hbfis reGdinedded
circuit breaker operating times.

Table-1: Power Circuit Breaker Operating Times

X One feeder in service

x Utility interface substation secondary bus tie

breaker in open condition

Unit substation with two primary feeders.

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

Opening
Circuit Breaker Rating and type Time
(Seconds)
Low voltage (moulded case)(< 1000 ) 0.030
(integral trip)
Low voltage (insulated case)(< 1000 ) 0.040
power circuit breaker (integral trip ¢
relay operated)
Medium voltage 0.060
(185kV)
High voltage 0.060




(> 35 kV) 6.6

kV Switchgear 910

As per Table-1for low voltage (insulated case: 415 | Low-Voltage Switchgear 610

V), Low Voltage MCCs and 455
Panel Boards

Circuit breaker opening time = 0.04 sec
Relay opening time = 40 msec Working distance = 610 mm.
= 0.04 sec Step 8: Determine the Arc-Flash Incident Energy

Duration of arc () = Circuit breaker opening time + For finding out Incident energy, determine

Relay opening time IgE, = K1 +K2 +1.081 Ig + 0.0011G
= 0.08 sec. E, is Incident Energy (J/chhnormalized for time

Step 6: Document the System Voltages and
Classes of Equipment K1

Document the system voltage and the class of ko

equipment for each bus as shown in Table-2. al
Table-2: Classes of Equipment & Typical Bus Gaps g :

and distance

is £0.555 for box configurations

is £0.113 for grounded systems

has been derived above which is =1.5073355

is the gap between conductors (mm) = 32 mm

Typical Phase tc (Ref. Table-2)
Classes of equipment Phase Clearanc
(mm) Therefore,

11 kV &and 33 kV Switchgear 152 IgE, = K1 +K2+1.081 I¢,+ 0.0011
6.6 kV Switchgear 104 = -0.555-0.113+1.081x1.3133355+0.0011x 32
Low-Voltage Switchgear 32 = 0.7869
Low Voltage MCCs &Panel Boards 25 E, = 10"

- 100.7869

The required details can be obtained from the

PDQXIDFWXUHUYfYV QDPH SODWH IL[HG BR2WitchHh HTXLSPHQW

Step 7: Select the Working Distances Arc

flash incident energy is determined by the

Arc-flash protection is based on the incident energy €Mpirical formula given below:
OHYHO RQ SHUVRQYV IDFH DQG ERG\ DW WKH ZRUNLQJ

distance, not the incident energy on the hands or
arms. Degree of injury in a burn depends on the
SHUFHQWDJH RI D SHUVRQTYV VNLQ
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 E
working distances are shown in Table-3.

C
Table-3: Classes of Equipment & Typical Working
Distances
. Typical Working
Classes of equipment Distances (mm) E,
11 kV and 33 kV Switchgear| 910 t

EXUQHG 7KH KHDG DQG

Where

Arc Flash Incident Energy (Jfjn
Calculation Factor

1.0 For voltages above 1kV and
1.5 For voltages at or below 1 kV
Arc Flash Incident Energy in J/ém
Arc time



D Distance from the possible Arc point to the 1.0 For voltages above 1 kV, and

person (mm) 1.5 For voltages at or below 1 kV,

x  Distance exponent from Table-4 E, Incident energy normalized

Ez Incident energy in J/cfat the boundary distance.
Eg can be set at 5.0 J/éiior bare skin (no hood)
or at the rating of proposed PPE.

4.184x1.5x6.1221x(0.08/0.2)x(6110¥610"4"3 t  Arctime (seconds)
= 3.67 cal/crh x  Distance exponent from Table-4.
Table 4: Factors for Equipment & Voltage Classes = [4-184x1.5x6.1221 x (0.08/0.2) x (61675) 44
Svet — . Tvoical Dist =1307.6 mm
ystem quipmen ypica istance _
Voltage Type Gap x Factor - 1.3076m _ _
(kV) Between Step 10: Personal Protective Equipment (PPE) for
Conductors Arc Flash Protection
(mm) Arc-rated clothing and other PPEs shall be used by
Open air 1040 2 000 the employee based on the incident energy exposure
: associated with the specific task. PPE requirements
Switchgear | 32 1.473 for arc-flash protection is determined by using the
0.2084 | mcc and| 25 1.641 Table H.3 (b) of NFPA 70E-20008*XLGDQFH RQ
panels Selection of Arc-Rated Clothing and Other Personal
Protective Equipment (PPE) Since Arc flash
Cable 13 2.000 Incident energy (3.67 cal/énis between 1.2 to 12
Open air 102 2 000 cal/cnf,recommended personnel protective
: : equipment are:
>1+ . . . .
15 Switchgear 13402 0.973 X Arc-rated clothing and equipment with an arc
Cable 13 2.000 rating equal to or greater than the incident energy
Open air 13453 2000 determined in a hazard analy@i¥ote 3.)
: X Arc-rated long-sleeve shirt and arc-rated pants or
>545 Switchgear 153 0.973 arc-rated coverall or arc flash suit (SRipte 3.)
Cable 13 2.000 X Arc-rated face shield and arc-rated balaclava or

arc flash suit hood (SRNote 1.)
X Arc-rated jacket, parka, or rainwear (AN)

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 degreex Hard hat

burn could occur. It is determined after obtaining .
incident energy in Step-8 using empirically derived X Arc-rated hard hat liner (AN)
model given below: X Safety glasses or safety goggles (SR)

X Hearing protection

X Heavy-duty leather gloves or rubber insulating
gloves with leather protectors (S@ote 4.)

X Leather work shoes

Where
) ] ] AN: As needed in addition to the protective clothamgl PPE required
Dg Distance of boundary from arcing point (mm) SR: Selection of one in group is required

C: Calculation factor Notes:



1. Face shields with a wrap-around guarding to protexface, chin,
forehead, ears and neck area are required. Fohdalll and neck
protection, use a balaclava or an arc flash hood.

2. $00 LWHPV QRW GHVLJQDWHG 3$1° DUH UHTXLUHG

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

4. Rubber insulating gloves with leather protectors jte\arc flash
protection in addition to shock protection. Highgass rubber
insulating gloves with leather protectors, due to rthecreased
material thickness, provide increased arc flash protection

CONCLUSION

Arc Flash hazard analysis helps to determine Arc
Flash Incident Engy 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
the Workplace, 2012 Edition

[2] |EEE Standard 1584-2002: I|EEE Guide for
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 SExperience Sharing

S UR JU D P P Hfor (&h&irig 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

S6KRUWIDOOV LQ 6XSHuvwmﬁﬁﬁ?ﬁﬁ%ﬂ%&@fﬁ&jﬂg@@

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, ESPRSs,
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

S([SHULHQFH 6KDULQJ 30fRJUDPPH

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
tiofihe
mestic 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.

(63



FORMAT OF ESP REPORTS

A unique format has been developed for the
ESFRs Fdlowing are the major headings of
the ESPRs:

x Event Description
X Analysis

Causes

0 Root Causes

o0 Contributory Causes
Consequences
Lessons Learnt

Suggestions

X X X X

Applicable Standards and

Guides

Review Team

legislations,

Contact e-mail address for feedback
Website
Distribution

X X X X

Figure given below depicts the typical format
of ESPR.

22% of the events deliberated under this
programme were Falls from Height
Percentage of other types of events discussed
under this programme wereEquipment
Failure (14%), Arc Flash and Electrical shock
incidents (12%), Fire & Explosions (12%),
Fall of Objects on Workers(9%), Accidents
during material handling (8%)Jnsafe Work
Practice (5%) etc. Remaining types of events
were less than 5% as shown in the figure
below:

The most important element of ER® 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 Incident

Country

22.10.2013| France Fall from height
through an oper
grating in the fuel
building as it left

open after work.

ANALSYSIS OF ESPRs

24.09.2013| USA Operator fell from
approximately 12 fee
from the
ladder,resulting in
injuries due to lack o
JHA and poor
supervisory

oversight.

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.

21.11.2014 Worker succumbs t(
injury due to falling
from height due tg

unsafe access arn

India




Incident
Date

Country

Incident

absence of JHA.

Incident

Date Incident

Country

19.01.2014

Japan

Fatality of contract
employee due to fal
from a tank of 10 m
due to unsafe act an
weakness in depar
mental oversight.

permit system ang
lack of supervision

01.10.2014

UAE

Loss time accident
due to fall from
height due to lacko
supervision at the jol
site.

22.10.2013| India Fatality of worker
due to fall from tower
crane, in which work
was not carried out a|
per manufacture

instructions.

12.05.2015

India

Serious injury to
worker due to fall
during reinforcemen
beam construction.

04.07.2013

Pakistan

Maintenance worke
succumbs to injurieq
due to fall from
height through
ventilation duct dug
to inadequate risk
assessment.

12.05.2016

UAE

Injury and fatality of
workers  due tg
collapse of mobile
crane boom.

18.04.2017

India

Fall of person from
height with potential
serious injury, due tg
heat stress.

20.11.2016

UAE

Fatality of worker
due to fall from
height at a
construction site dug
to absence of fal
protection.

31.07.2006

India

Fatality of worker dug
to fall from scaffold,
as the scaffolding
was not made as p¢
standards.

02.01.2006

India

Fatality of worker dug
to fall from height
because of sub
standard ladders an
lack of inspection
programme.

8.12.2015

India

Fatality of worker dug
to fall from height
due to imprope

imple-mentation  of]

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 functiorled 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 th&l&nding 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

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- RQ 36D IHWAS&aRdaBs ah®R
IDGGHUV~

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 inS- R Gafety
&RGH

X Inspection and certification of scaffold
structure were not carried out by the
authorized agency before its us&.here
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 1S-3696
RQ 36DIHW\ &RGH

examineG DQG GHFODUHG KLP DV pBURXJIJKW GHDGT

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

x Scaffolds shall be inspected, certified and
tagged for safe use by the authorized
agency before its use [2].

IRU 6FDIIROGYVY DQG /DGGH

| R&Id6EDIIROGYV



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 througit [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 prevénfall 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.

BIBLIOGRAPHY:

[1] NPCIL Head Quarters Instructions No.
HQI-0540 (R-2) on Implementation of
Operating Experience Programmes at
NPCIL Plants.

[2] NPCIL Industrial & fire Safety
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INDUSTRIAL SAFETY - EFFECTIVE MANAGEMENT OF OPERATI ONAL
EXPERIENCE TOWARDS ENHANCED INDUSTRIAL SAFETY

Root cause analysis of events for effective implem@tion of corrective

measures
Author A Author B Author C
SESHU BABU INAMPUDI-SO-F D.RUPESHKUMAR-SO-E S.SANTHIPRIYA-Sr.Ps
iseshubabu@npcil.co.in drupeshkumar@npcil.co.in ssanthipriya@npcil.co.in
Cell : 9445397503 Cell : 9445397647 Cell : 9445397647
Electrical Maintenance Electrical Maintenance Electrical Maintenance
Madras Atomic Power Station Madras Atomic Power Station Madras Atomic Power Station
Kalpakkm Kalpakkm Kalpakkm
ABSTRACT Department Personal involved in unloading the

This paper explains the root cause analysis ahlorine tonner from the truck with the help of
events for effective implementation of correctivéorklift, one of the chlorine tonner accidently
measures done at madras atomic power statidallen down from the truck and rolled down on the
for different events occurred and reportedoad for around 3m and stopped by hitting
through the mechanism of operation experiencggainst a trench. No one was injured by this

feedback with respect to industrial safety. incident and no damage to the chlorine tonner.
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. This event has the potential to cause injury, lesse
MAPS has structured methods to address ti@d Chlorine release to atmosphere. _

events and the reporting mechanisms. ThE'€ oot cause analysis reveals that while
following are the such mechanism prevails attlnloadln_g the chlorln_e tonners, the contractor
MAPS. Low level event, Deficiency reportin as_rolllng tht_e chI.orlne tonner to load on to
system, near miss event, near miss accide rklift which is aligned to truck. Meanwhile

Safety related deficiency management systeffTKlift operator took reverse for giving way to
Superintendent field rounds, job observation anather vehicle without informing the contractor.

material condition, Flash reports and Experience>NCe the truck was parked on slope, the rolling of
sharing program from head quarters Mumbai. the chlorine tonner could not be controlled by the
This paper describes about the few events whi@$rsons and it fallen on the ground from the
are reported through the above mechanisms f&fuck. This incident happened due to inadequate
which corrective measures are implemented f&-Ordination and communication between the
the prevention of recurrence of such events {i97Klift operator and the persons on the truck.

future. The following are the Corrective actions taken to
prevent recurrence,

BACKGROUND SECTIONS 1. The area was identified and marked for truck

Event-1 parking for loading and unloading of chlorine

NMA No. : 01/2019 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 thy . (ot cause analysis reveals that, the pump
work was suspended. ouse fore bay water level was maintaining very

The root cause analysis reveals that during Waﬁigh which resulted in forced water seepage to

repairing work near the tube light fitting, the
contract worker touched the MS roof angle angasement through the wall. And the concrete

the wet wall and felt mild electric shock sensatior?omrllm de\:jeloped a Cr.aCk ?nd ”the pLogrdess ?f
The Loose wiring of the tube light fitting mounte§ack parted some portion of wall on the day o

on the MS roof structure caused the event due fiFident. The wetness was observed on the wall
the unsafe condition 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

The following are the Corrective actions taken t&€partment Personal involved in a work, Opposite

prevent recurrence, to Relay Testing (RT) Lab, when he was walking in
1 The wiring of the tube light fitting was tightene front of RT lab. a loose insulation cladding sheet
and properly insulated. suddenly flew from resin ejection room roof and
2 The incident was discussed in SLSC fallen on ground few meters away. Fortunately no
one got injured. This has potential to result in
Event-3 personnel injuries.

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 m_concrete due to sea Wate"I’he root cause analysis reveals that, The old

seepage and aging has resulted in unsafaﬁuminium sheet removed from steam line during

condition. 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 t@. Operator aid was prepared and displayed in

prevent recurrence, all DGs room.

1 The loose Aluminium cladding sheets wer&. The incident was discussed in SLSC.
removed from the roof of RB#2 resin ejection

room.
2 The incident was discussed in SLSC. Event-6

NMA No. : 08/2019
Event-5

Department Personal involved in a work for Unit-
NMA No. : 05/2019 _ . 2 gF:anerator slip ring cleaning and carbon brush
Department  Personal involved in a work fofgpiacement, the EM technician involved in the
making up the Unit-1 DG #2 jacket watepp struck against the speed measurement probe
expansion tank level, hot DM water (aroundGp junction box and was about to fall. The
overflowed from the chemical addition pipe angbntributory factors for this event was identified
splashed on the operator and hindered vahes The junction box was close to slip ring area
closing, as it is located below the jacket watéapproximately 1m).

expansion tank.

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
The root cause analysis reveals that,on the day gfytdown.

incident operator fully opened the makeup valve

and after seeing the alarm in DG Panel, hgyent-7
proceeded for closing the valve. Meanwhile theymA No. : 09/2019
tank started overflowing through the overflow,

. . . . Department Personal while opening the door to
line and chemical addition pipe and splashed o P i bening

h lled . £ th K Qollect TLD from TLD rack at Service Building
the operator. Controlled opening of the make-URyirance, the electrical engineer's right hand

valve could have eliminated the incident. index finger got trapped in the crack developed in

The following are the Corrective actions taken t¢he aluminium frame of the glass door. The

prevent recurrence, aluminum door crash bar type pulling handle got
Marking / Painting was done on the DM waterdetached from its very right end which created a
makeup valve for its controlled opening at all space between the handle and door frame. While
DGs. opening the door the person’s right hand index
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finger got trapped in the space generated due to

crack. BIBLIOGRAPHY

NIL

APPENDICES

ONogr~WNE

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.

NMA No.01/20-19 dtd. 11.01.2019 of MAPS.
NMA No0.02/2019 dtd. 18.02.2019 of MAPS
NMA No0.03/2019 dtd. 28.02.2019 of MAPS
NMA No.04/2019 dtd. 06.03.2019 of MAPS
NMA No.05/2019 dtd. 06.03.2019 of MAPS
NMA No.06/2019 dtd. 19.03.2019 of MAPS
NMA No.08/2019 dtd. 13.05.2019 of MAPS
NMA No.09/2019 dtd. 10.05.2019 of MAPS
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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.iSafety Engineering Division, Nuclear Fuel complex, Hyderabad

ABSTRACT:

A perception survey is a useful tool in assessing empfopeeception based on their experientée

existing safety management system and as well as employee involvement level in thesafeisting
programme. It is a way of measuring the safety perception of quantitatively wéttened to
occupational health and safety issues to improve industrial safety culture.affiacident occurs,

even if a perfect incident investigation is completed, perfect root causes aiiiedeand perfect

action items are developed to ensure the incident does not happen again, no risk reduction otcurs unti
the action items/recommendations are implemented. No risk reduction occurs untilirafostiial

and societal change in behaviour is accomplished. The study contains development of required
methodology in the form of simple checklist and obtaining the response fronfigtentlievels 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 regpdassv 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 hot
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
Attitude towards Safety
Workforce Involvement
Management Commitment
Management Leadership
Risk Management
Systems and Work Processes
Accident Reporting and Investigation
Emergency Preparedness
Employee Training
Supervisors' involvement
Safety Inspection
Employee Safety Concerns
Environmental Commitment
Equipment and Maintenance
Individual and Teamwork
Job Satisfaction
Safety Promotion Campaigns

X X X X X X X X X X X X X X X X X



The survey could be carried out

through questionnaire on several elements of
safety.
Perception of safety culture are measured
because they are assumed to reflec
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:

Develop
Conduct
a follow- ment of

question
up naire

Obtain
Capture
lessons Survey the

learnt I'ES[;OI’\SE

Develop& Evaluatio
impleme nthe
nt actions results

Communi Summariz
cate the e the
findings findings

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.

| never refrain from reporting unsafe
incidents/events even under pressure from
my co-workers.

My superiors appreciate if | come forward
with safety-related issues and their
solutions.

| accept that wearing PPE is essential for
personal safety and work.

| know my responsibility during an
emergency in NFC.

Management

| 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.

| have received training on how to do my
job safely.

X Behaviour

Development of survey

Prepare the organization

The survey was conducted from the mechanical
plants (Tube Fabrication plants) and Chemical
plants and Combined assessmeasmade 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.

Working safely is more important than

meeting deadlines.

| will not perform assigned work/job unless

| know it is safe procedure to carry out.

| understand safety related issues in
working place.

| follow similar safety precautions at home

as | do at work place

| know how to report near misses/unsafe
condition/unsafe acts.



I know what to do if any

accident/incident/unusual event occurs

I have a legal obligation to work safely.

| 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 tha ter
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

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

Experiences of Employee's

R v

_~

nor disagree or

mO-5yrs.
6-10yrs.
10-15yrs.
16-20yrs.
21-25yrs.
26-30yrs.

SUMMARY OF ASSESSMENT - SAFETY CUCLTU}
5 5 5 5 5

5 4.9
4.6 4.7
45
4.5 4.4
4
1 E Actual 3 Result 4 >

SUMMARY OF ASSESSMENT - MANAGEMNT

5 5 5 5 5
5 4.9
4.8
46 4.7
4.6 45
4.4 4.4
4.2
4
2 4 5
Actual Result
SUMMARY OF ASSESSMENT - BEHAVIOU
549 5 5 5 5 5 5 5
47 48 46 46 46
A 3.8
3
2.1
2
1
0

1 2 3 4 5 6 7 8
Target Result

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,

3



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 employ®eperception 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 systemCultivating 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 Powdedeaylis
shown in Fig:



Remote Startup Devices (RSDs) are installed in field for opesrad initiate powder
fire-fighting when operator witness the fire condition. Actuation of d®® R enough
for starting powder fire-fighting in a zone. These RSDs are wired to iapdt(MSHS)

in CMG (powder fire-fighting) controller and are installed in differgéces near to
Entry/Exit doors in field. Actuation state of all four RSDs atshme time indicated
some fault in input card (MSHS) as this card was taking input from Restent-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 abnornsalitie
Temperature inside controller was found normal. Input card (MSHS) fromatientr

was taken out for evaluation along with Processor card (MP) and Outpds ¢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

Fig: 10CMG24 controller inside card arrangement
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Fig: Screenshot of room where powder fire-fighting spray happened
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"LVKD $FKDU\D 'U 0 5DMD 6KONHU 3 $ 3UDWDS

6DIHW\ 2I1ILFHU 6XSHULQWHQGLQP (QJLIUHRMWHFW 'LUHFWRU
1XFOHDU )XHO &RPSO¥HO RIMD) XHO & RPSOXHO RDWD)XHO &RPSOH[ . RWD

GLVKD#QI | PUDMD# QI SUDWDS#Q

$%675%&7 FRUSRUDWH UHSXWDWLRQ <HW DFFLGI

$FFLGHQWY DUH WKH WRSPR‘%\% V R Wﬁo'-W\'" DQG WKXV SUHVI
QHEHVVDU\ WR HQKDQFH TXDO \/E/g 3 D HV\C\?}?HVVZDLP%ONS'
DFFLGHQWYV WKDW RFFXU LQ G Lol wkh 25
PRVW Rl WKH DFFLGHQWYV DQG gfg\\;vvtﬁ\'j LKSZL
QRW UHSRUWHG ZLWKLQ RUJD

FDQ EH SUHYHQWHG ZLWK HMY¥

8QGHUVWDQGLQJ DOO WKHVHVDIHU DOO HIIRUWYV VKDOO EH LQ WK
WKURXJK JRRG LQYHVWLIDWLRSUHYHQW DFFLGHQWY SURDFWLYHO\ L H
DEFLGHQW LQYHVWLJDWLRQV DQG VXIILFLHQW ULVN DVVHVVPHQW
OHDUQ IURP RSHUDWLRQDO H[:ZURQJ ,Q UHDOLW\ KRZHYHU WKH D
GHHSHU LQVLJKWYV DERXW JDS\IRUHVHH DQG IRUHVWDOO DFFLGHQWYV
PDQDJHPHOW VI\VWHPY DQG FXO OLPLWHG VR ZKHQ WKH\ GR RFFXU LW

REFXSDWLRQDO VDIHW\ DQG KBV H\'f\; JDQLVDWLRQV W

HQKDQFLQJ VDIHW\ ,W LV XQIR

XQGHUVWDQG WKH UHDVRQV 1121 FRXUVH ZKHQ LW FRPHV WR PDNLOQ.

UHSRUWV DUH HVVHQWLDO IRIHVVHQFH LV LQYHVWLJDWLQJ EHIRUH
XQGHUVWDQG WKDW WKH\ FDQ DFWXDO O

.H\ZRUGYV WHDFKHUV 7R EH DEOH WR VTXHH]H VDI

$FFLGHQW RUJDQLVDWLRQ O RXW RI QHIJIDWLYHV LW LV YHU\ PXFK QH

VDIHW\ KRZ WR OLVWHQ WR ZKDW WKHVH PLV KI
WR WHOO

,1752'8&7,21
03(.0(176

$W ZRUN H[SHULHQFHV GHILY WRM LU\ WK

DSSURDFK FHUWDLQ SURMHFMD/UQLRQJJ KWRDVWR OHDUQ IURP DFFLG
2UJDQL]DWLRQV WKDW XQGHUVQ@BLEEHQWRLY KRP®MHFXODUO\ E\ RYHU
WHQGHQF\ DUH DEOH WR OHYHABBBRQWKDWJULOHDUQYXEX DV IHDU EOL
FRQVWUXFWLYHO\ WR EHQHILWW QRMHWMIUNY DIERVA WKPHWDWLRQDO OR
GRQIW VXIIHU WKH FRQVHTXHQBHRFHGIG LKRNMP RIFKOW DULVH LQ WKHLU D
KDYH SRFNHWV Rl EHVW DQG ZKRHYMO BEDRWLOF HAXGWBWH RI UHSRUWLC
GHYLDWH XQSUHGLFWDEO\ |URR QGRL/EHIEONW KM@Y QRUPFWY DQG FRQGLWL
7KH EHVW EXVLQHVVHV DQG \WHFIWRYFK FELMRYQEXOWXUH FKDQJH WKI
HFRQRP\ DOVR KDYLQJ EHVW VIHH@HNGUHRRYBVPIUHRI WRGD\IV RUJDQ
ZHOO HTXLSSHG ZLWK VRPH RI WKH QWH®RQVRVWQHKMRYMH WKH TXDOLW\ I
PRGHUQLVHG DQG GHYHORSHGUBBSORBEKHQWN| UHPDLQV RQH RI Wk
LQYHVWLJIJDWLQJ DQG OHDUQL (RF FXRP VSIDRQD Q Q¥R IGIMOWIQG KHDOWK LV
DQG DFFLGHQWYV WKH UHDVRQV ZK\ WKLV LV VR DUH GLVF:

+RZHYHU ZHOO ULVNV DUH PR ILIE LV L
RUJDQLVDWLRQ FDQ H[SHFW ORVW RI WKH DJHQFLHV VHHP WR WI

XQSODOQHG  XODOQWLFLSDWHG LQYHVWLIDWH DFFLGHQWV TXLWH

,URQLFDOO\ LW LV D VDG IDFW W
DITHFW SHRSOH DQG WKH\ YLW el chowy DQG pQHDU PLVVHVY DU
QRW MXVW RSHUDWLRQDOO\ D\ H

COWHUUXSWLRQ DOG DVVRFLDW UHSRUWHG HLWKHU ZLWKLQ RUJDQL\

RI DGYHUVH LPSDFW WR PRULu.;HOSYDQW HQIRUFLQJ DXWKRULWLHYV



IHDU Rl FRQVHTXHQFHV D(LQMXUHG ZLWQHVVHV ZRXOG KDYH
WKHUH LV QR LQYHVWLJDWL WUDXPDWLVHG VRPH SHRSOH PD\ IHHO
$ OWKRXJK WKHUH DUH RUJIRU H[DPSOH E\ WKH SRVVLELOLW\ F
KDYH UHDOO\ HIIHFWLYH SURVHFXWHG VXHG RU GLVFLSOLQHG
LQYHVWLJIJDWLRQ DQG RUJD SUDFWLFH GRPLQDWLQJ LQ SHRSOHYV PL
IURP DFFLGHQWYV PDQ\ VWLDQ HDV\ H[SODQDWLRQ IRU WKH DFFLGF
SURFHGXUHV IRU LQYHVWLJIXS DQG PRYH RQ 7KLV LV HVSHFLDOO\
(YHQ ZKHQ WKHUH DUH SUR RQO\ GDPDJH KDV RFFXUUHG DQG OXFNI
VWLOO QR HIIHFWLYH FULW KDV EHHQ KXUW u1HDU PLVVHVY DUH XV
WKH VFDOH RU WKH OHYHO HDVLHU WR OHDUQ IURP LQ WKLV UHJI
DGRSWHG YRU PRVW  EHFDXVH WKHUH LV OHVV OLNHO\ IHDU
HVWDEOLVKPHQWY WKLV LVDQG FLYLO FODLPV

VHYHULW\ Rl UHVXOWLQJ L(

Rl FKDQFH UDWKHU WKDQ \7KH VWURQJ HPRWLRQV WKDW DULVH SR
RU OHDUQLQJ SRWHQWLDO FDQ EH D EDUULHU WR LQYHVWLJDWLRQ
SURGXFHG LW EXW HTXDOO\ WKH\ FDQ DOVR EH DQ DOC
,QYHVWLJIJDWRUV PD\ IDLO D SHULRG DIWHU WKH DFFLGHQW HYHU\
UHOHYDQW IDFWV 'LVWRUW|IRFXVHG RQ VDIHW\ DQG WKH QHHG WR
HYLGHQFH JDWKHULQJ DQG 6R WR IXOO\ H[SORLW WKLV RSSRUW:.
XQFULWLFDO ELDVHV HVVHQWLDO WR DSSURDFK DFFLGHQWV L
O0DQ\ LQYHVWLJIJDWRUV WHCDQG V\VWHPDWLF ZD\ RU WKH RUJDQLVEL
LQYHVWLIDWLRQ WRR HDUOORVLQJ RXW WKH OHDUQLQJ KHDYLC
HQRXJK RIWHQ IDLOLQJ WRUJDQLVDWLRQV HYHQ RQHV WKDW VHF
FRQYHQWLRQDO UXOHV DQCGKD]DUGY QHHG WKH ULJKW OHYHO RI R
RU MXVW IRFXVLQJ RQ VDQG WHFKQLFDO SUHSDUHGQHVV WR
LQGLYLGXDOV ZLWKRXW VIDFFLGHQWY DQG WR PRYH IRUZDUG
FDXVHVY VXFK DV ZHDNQHVV

VDIHW\ PDQDJHPHQW VI\VWHP ¢ yRLGLQJ RYHU VLPSOLILFDWLRQ
3RRU FRPPXQLFDWLRQ Rl B7KHUH DUH WZR YHU\ FRPPRQ HUURUV L
DQG IDLOXUH WR WUDFN F(DFFLGHQWYV DUH SHUFHLYHG $W RQH H
UHFRPPHQGDWLRQV DUH VHHQ DV UDUH FKDQFH HYHQW
FRPELQDWLRQV RI FLUFXPVWDQFHV ZI
7KHVH SUREOHPV DUH QRW XQEH\RQG ERWK SUHGLFWLRQ DQG FRQWL
VDIHW\ 7KHUH LV DOZD\V WRWKHU KDQG WKH\ VHH WKHP DV TXL\
LQYHVWLIDWLRQV RI DOO NLQ'HYHQWV ZLWK VLQJOH WULI®H FDXVH $
FXUVRU\ DQG VXSHUILFLDO QHDUO\ DOO DFFLGHQWYV HYHQ VHHPLQ
UHFRPPHQGDWLRQV [IRU QDUIRQHV WXUQ RXW WR EH YHU\ FRPSOH]
IRFXVHG puTXLFN IL[HVY] UDWK WR XQGHUVWDQG WKH FRPSOH[LW\ RI DI
EUDQFKYT FKDQJHV LQ ULVN PDQOHDG WR PLVVHG RSSRUWXQLWLHV IRU
ZHOO DV RYHU VLPSOH DQG LQDSS
W LV LPSRUWDQW WKDW ZHO SUHVFULSWLRQV WR LPSURYH VDIHW\ DQ
H[LVW IRU GHYHORSLQJ WKH F
DFFLGHQW UHVSRQVH WKURXJ7DNLQJ SDUW LQ GLVFLSOLQHG DQG
LQYHVWLIDWLRQ RI HYHU\GILQYHVWLJDWLRQV OHDGV WR UHDOLVD
LQFLGHQWV IRU LQVWDQFH 7DFFLGHQWY UHVXOW IURP WKH LQWHUSC
LPSURYLQJ VDIHW\ RU KHDOWRI HYHQWV DQG FRQGLWLRQDO IDFWR!
RUJDQLVDWLRQV QHHG WR KDY XVXDOO\ D ORW JRLQJ RQ DQG D ORW W
SODFH IRU LQYHVWLJDWLQJ RVXQFRYHUHG DQG WDNHQ LQWR DFFRXQ
VXFK DV ILQDQFLDO LUUHJXOLYDOXH RI PDQ\ LQYHVWLJDWLRQV FDQ I
DQG +5 +XPDQ 5HVRXUFHV PD'DQG GLVUXSWHG E\ WKH DSSOLFDWLRC
UXOHVYLH VWRSSLQJ WKH LQYHVWLJD
&RSLQJ LQ WKH VWURQJ HPRW DQ DSSDUHQW FDXVH LV IRXQG DQG ELD
7KH DIWHUPDWK RI DQ DFFLGH(RQO\ WKDW HYLGHQFH WKDW FRQILUPV
]JRQH IRU DQ\RQH 3HRSOH ZFWKHRU\ DERXW GHWDLOV Rl ZKDW KDSSH



3ULRULWLVDWLRQ DQG VFDOL UXOH EUHDNLQJ GRHV QRW
KWKHUH VHHPV WR EH D UHVXUJHQFH RI L
LGHD Rl uDFFLGHG®W KU R BDHNWE R Q
XQSODQQHG DQG XQKHUH LV WKDW VRPH SHRSOH DUH PRUH C
WKH ZRUNSODFH DQ\ RUJDQLVDFFLGHQWY DV D UHVXOW RI
IFOXPVLQHVV
FRQVXPH DOO SUHGLVSRVLWLRQ WR ULVN WDNLQJ $V
LQYHVWLJIJDWLR VRPH SHRSOH LQ FHUWDLQ VHWWLQJV
H[WHQW HYHU\ WLPH 6R WKHULSUREDELOLW\ RI
FSURQHQHVV LV PRUH OLNHO\

"HFLVLRQYV GHILQH ZD\V
LOQYHVWLIDWLRQ UHVRXUFHV
HITHFW RI

OHDUQLQJ IURP DFFLGHQWYV
ZRXOG VRRQ
UHVRXUFHV LI

RSWLPLVH LQYHVWLJDWLRQ
UHVSRQVH WR H[SORLW WKH YDULHW\ RI
OHDUQLQJ RSSRUWXQLW\ ZKLLQH[SHULHQFH

LQFLGHQWY FDQ SUHVHQW

$FFLGHQWY UHVXOWLQJ LQ
LOQMXULHY RU ORVV RI
REYLRXVO\

HITRUW
DFFLGHQW ZKLFK LV RI
I[UHTXHQW PD\ PHULW WKH P

LQYHVWLIDWLRQ XVXDOO\

\RXQJHU DJH
ILWQHVV H\HVLJKW HWF
| FRQWULEXWH
FRQWLIH[DPSOH
DWWUDFW VLJQL UHVXOW LQ ORVV RI FRQFHQWUDWLRQ H
% XW VRPHWLPHVY D PRGHUDWH FRQVHTXHQFH

IDGH DZD\

DEVHQW

FDUHOHVVQHVYV LPSXOVI

DFFLGHQWY WKDQ RV
DVVRFLD
RWKHU QRQ SHUVRQDOLW\ |

ODFN RI NQRZOHGJIH I
SRRU VOHHS DQG SRRU
(PRWLRQDO ID
WR DFFLGHQW LQYROY
GHSUHVVLRQ RU DQ[LHW\ Z}

D W 19(67,*$7,21 287/,1(

U, QYHVWLJDWLRQ LV FKDOOHQJLQJ LQ L\

RXWFRPH DFFLGHQWY EHFDXVHDOVR EH D JUHDW OHDUQLQJ H[SHULHQ

H[FHOOHQW RSSRUWXQLW\
FRQWULEXWRU\

WFLQYROYHG
IDFWRUV DQG V\VWHPDWLFDOO\ DQG SURIHVVLRQDOO\

W  QHHGVY WR EH DSSI

VWXG\ TURP ZKLFK PXFK XVHIX({LPPHQVH H[SHQVHV LQFXUUHG E\ DFFLGH

FDQ EH HITWUDFWHG

FRPSRXQGHG LI

LQYHVWLIDWRUV XVH X

WLPH DQG RWKHU UHVRXUFHV ZLWKRXW

,QYROYHPHQW RI VHQLRU PDQ DGYDQFH XQGHUVWDQGLQJ RI
IURP WKH \GRQH WR VWRS WKLQJV JRLQJ ZURQJ LQ

2IWHQ RIILFLDOV
JHW LQYROYHG LQ D VHULRXYV

KDYH JRQH YHU\ EDGO\ ZURQJ $ VHW RI
OHVV VHULRXV HYHQWV LV RIWGLVFHUQLEOH LQ

GRZQ WKH
VHULRXV QRQ LQMXU\ HYHQWYV
PRUH QXPHURXV + GR QRW DOZL
PDQDJHUV JHWWLQJ LQYROYHG
ZHQW ZURQJ KRZ DQG ZK\ 6
VHULRXV DFFLGHQWYV DUH UDUH
EHWZHHQ VHQLRU PDQDJHUV EH
DFFLGHQW LQYHVWLJDWLRQ LV
DQG FRQVHTXHQWO\ WKH KDEL
IDLO WR JHW ZHOO LQJUDLQHG

*RRG LOQYHVWLIDWLRQV SDL
PDQDJHU OHG DQG WHDP EDVHG
VKDUS OHVVRQV IURP WKH UHI
UHIUHVK HYHU\ERG\TV XQGHUVW
KHDOWK DQG VDIHW\ PDQDJHPHC
H[DPLQH LWV DEVHQFH

$FFLGHQW SURQHQHVV

'"HVSLWH WKH DGYDQFHV LQ
VDIHW\ WKH DVVXPSWLRQ WKD\
VLPSO\ WKH UHVXOW RI FDUHOI

ZKDW QH

VWHSV LV UHFRPPHQGHG WKD\
FRPSHWHQW  LQY

RUJDQLVDWLRQDO IROORZLQJ DQ LQFLGHQW

WDNLQJ SURPSW HPHUJHQF\ DFWLF
SURYLGLQJ ILUVW DLG

SURPSW UHSRUWLQJ ZLWKLQ WKH R
DQG WR UHOHYDQW DJHQFLHV DQG V
VFHQH SUHYHQWLQJ GLVWXUEDQFH
HYLGHQFH

LQLWLDO LQYHVWLJDWLRQ WR GHFL
RI LQYHVWLJDWLRQ UHTXLUHG HJ
VDIHW\ VLJQLILFDQFH OHDUQLQJ SRV
HVWDEOLVKLQJ WKH LQYHVWLJDWLF
DOORFDWLQJ UHVSRQVLELOLWLHV LQ
JDWKHULQJ HYLGHQFH HVWDEOLVKL
E\ JDWKHULQJ SK\VLFDO HYLGHQFH F
ZLWQHVV LQWHUYLHZV LGHQW
GRFXPHQWDWLRQ HWF

DQDO\VLQJ DQG LQWHJIJUDWLQJ WKF
SXWWLQJ WKH IDFWV WRJHWKHU
JDSV LQ WKH HYLGHQFH VLJQL
XQNQRZQV DQG VHHNLQJ IXUWKHU t
DQG RU FODULILFDWLRQ IRU H[DP!
VWXG\LQJ SUHYLRXV HYHQWV WKDW
UHOHYDQW



GHYHORSLQJ DQG WHVWL QJDELSRWKHWHRY SUBKBYW WKH VDPH LQ IX\

KDSSHQHG ZKHUH ZKHQ KBIUHYWRQWKRE® LV DOZD\V DQ LQFRPSOHW

ZLWK ZKDW FRQVHTXHQFHV SUDFWKFHDINLGYHQ SDWFKLHU 3URJL

ORRNLQJ IXUWKHU HYLGHQFWQRBDBIFHVQGWLWK VWHDG\ HIIRUWYV

JHQHUDWL QJ FRQFOXVLRQV DQG

UHFRPPHQGDWLRQV $&.12:/('*(0(17

FRPPXQLFDWLQJ UHFRPPHQ?}D\/@&J@%@%@% ZLVK WR DENOQRZOHGJIH

WUDFNLQJ FORVXUH ZLWK N 5U 0 6(° 1)& BKUL
.XONDUQL *0 1)& .RWD DQG 6KU

3KDQL %DEX '&( 1)& .RWD IRU WKH V

&21&/86,216 FRXUDJHPHQW H[WHQGHG E\ W

$FFLGHQWY WHVW RUJDQLVDWERO S{ él;!gg,q,vlp,_vv L LEY
DVVXPSWLRQV DQG SUHMXGLFHY PDGH HUPV RI

SUHSDUHGQHVV 8QGHUVWDQGLQJ WKH XQSODQQHG DQG
XQH[SHFWHG LV D UHDO FKDO &H®&JH?2 R 3wWKH PRUH

WKRURXIK WKH LOYHVWLIDWLRQ Witk JHHOWHIRE BE¥ KB QWY EL 7 Uk
XUUHQW

DZDUHQHVV RI WKH OLPLWDWLRQV Rl
XQGHUVWDQGLQJ x HORGHUQ DFFLGHQW LQYHVWL JDW

+RZHYHU JRRG RUJDQLVDWLRQVDQ/ O\H%; B\ JHG 6 )HUU\

u&; IURP DFFI
SUHYHQWLQJ GLVDVWHUV ODUJ %&W%K R3UHYHOW

UHFRJQLVH WKDW DOO ZLOO IDL

7KH FKDOOHQJH LV QRW MXVW WR H WKH
I[UHTXHQF\ DQG VFDOH RI VDIHWé()QL5 _Ytglzig EXW ZKHQ
WKH\ GR RFFXU WR FRQIURQW IDLO XUHV

KRQHVWO\ ZHOFRPH WKHP HYHQ DVWé@N\U/W% LBRAG{$ PLOH\ - $
WR GHHSHQ XQGHUVWDQGLQJ DQERQUEMWHRH AkkAHQW 3URQHQHVV ¢
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(:3(5,(1&( 2) (55(&7,21 $1' &200,6,21,1* 2) WA({HE6HV/7,1* ,1
(1+$1&(0(17 2) 6$)(7< $63(&76

/| BUDYHHQ . XPDU 3L\XVK 'XWWDQNDWHNZIDUDMX .$0DKHVK %DEX . 5DM
%LQD\ . XPDU 9 9 O0DKHVK .XPDU LUDQUXWEU 5Mm®G §KHHOD
6 (' S8WLOLWLHV 673 7573 50% S8WLOLWLHV
1XFOHDU )XHO &RPSOH[ +\GHUDEDG
(PDLO RI FRUUHVSRQGLQJ DXWKRU OSN#QIF JRY LQ

$%675$&7 RSHUDWH ZLWK PD[LPXP VDIHW\

IXQGDPHQWDO UHTXLUHPHQWYV PXVW
,Q D ZRUN VWDWLRQ GHVLJQDGWRWIWMROLYDHE LQFRUSRUDWH!
PDLQWHQDQFH RI SODQW HTXLSPHROW PIIEF KIQQMUKH ZRUN VKRXOG |
DQG V\VWHPV Rl ZRUN WKDW DVBIS®D@IHE HWIRV EFIR RSHUDWLYH D
RUJDQLVHG SHUIRUPHG PD L«NQFHQEIB GHYHIO RS FRKHVLYH OLQN
FRQWLQXDOO\ UHYLVHG VR DVH@RPEFKIMDHHPBOWHULDO DQG WKH
2SHUDWLRQDO H[SHULHQFH KHOB®RSWHE UHY LWKRJHMKIKWLRQ RI W
DERYH WKLQJV LQ H[HFXWLQJ VHKHFZXRUNWKH HRU E\VDIHO\
LPSURYLQJ WKH H[LVWLQJ VDIHW\ DVSHFWYV

7KH HUHFWLRQ DQG FRPPLVVLROQL
%\ H[DPLQLQJ WHVWLQJ DQG HY¥KORQMAL QW WKHUYREM EXLOGLQJ ZD
SODFH ZRUN DQG SHRSOH L QW HUKHQVL RQZDY REVAFRLY KEOMKDW WKH F
LQ SURGXFWLYH VDIH DQG VBWRXVHLPIFRRURGKHE LW ZDV LQVSHF
HQYLURQPHQW 7KH DLP LV WR EMW MK HF REBSH\DMQR QBMUVRQ WKDW
NQRZOHGJH DQG VROXWLRQ IRUPRVIFWHBEBBQSWREO MAH FKLPQH\ R
DULVHQ VR WKDW EHWWHU SUDAWPHABWWUWKRRQGL EHUME SODFHG
DQG LPSOHPHQWHG LQ RUGHU WR IL\)FLPMBH @Z BUMQGHNVWRS WKUHH F|
DQG WR UHGXFH WKH VDIHW\ ULAMNA EQUWRRMCGN WFI\WDRQ 6LPXOWDQ
HUHFWLRQ DQG FRPPLVVLRQLQJFLPRHR@DY SURFXUHG ZLWK VLPLO

.H\ZRUGYV & KLPQH\ (UHFWLRQ DQG
FRPPLVVLRQLQJ ODWHULDO KDQGOLQJ ORELOH
FUDQH RSHUDWLRQDO H[SHULHQFH (QKDQFLQJ RI
6 DI HW\

,1752'8& 7,21

7KH LQGXVWULDO ERLOHU FKLPQH\ LV D WDOO

FRQVWUXFWLRQ HPSOR\HG WR YHQWLODWH RU H[KDXVW

DOO IXPHV JHQHUDWHG GXULQJ WKH FRPEXVWLRQ RI

IXHO ,Q PRVW RI WKH FDVHV DQ HQRUPRXV VWUXFWXUH

LV IDEULFDWHG ZLWK VWHHO ZKLFK LV VHOI VXSSRUWHG

7KH KHLJKW DQG GUDIW RI D FKLPQH\ LQIOXHQFHV LWV

DELOLW\ HIILFLHQF\ WR GLVFKDUJH IOXH JDVHV WR WKH

HQYLURQPHQW > @ $GGLWLRQDOO\ WKH GLVSHUVLRQ RI

SROOXWDQWYV DW KLJKHU DOWLWXGHV OHDGV WR EHWWHU

GLOXWLRQ WKHUHE\ UHGXFLQJ LWV LPSDFW RQ WKH

VXUURXQGLQJV DQG EULQJ GRZQ  WKH ¢ WLRO RI ERLOHU FKLPC

*URXQG /HYHO FRQFHQWUDWLRQ ' 7KK GIMFAUVIERQo G L QJ

RI SROOXWDQWYV RYHU D JUHDWHU DUHD UHGXFH WKHLU

FRQFHQWUDWLRQV DQG IDFLOLWEWHyKRPSEHIPRAOW V MRKEH LQVvwDO

6 WDWXWRU\ OLPLWV DQG SURFXUHG DQG LQVSHFWHG GXL
SURFHVV DW GLIIHUHQW VWDJHV

(UHFWLRQ RI &KLPQH\ LV RQH RRWIKH KR KWNKHDW UHVLVWDQ!

FRQVWUXFWLRQ RSHUDWLRQV gRUQWL %WRXRWXUYIHIWR QWY LQVLGH



HQVXUHG WKDW WKH IDEULFDWHG RSHUXPMDARIP KRR XD BHOWRMWUEH WR X
OLIH 7KH VHFRQG VHJPHQW ZKLEKUHN RV WKRN URSH PD\ FDXVH LC
HUHFWHG RQ WKH ERWWRP VHJPHQWQBHPD L QINVWZR KRLVWLQJ VKD
VHIPHQW ZDV DVVHPEOHG RQ WKHLUMHRXRSHWIRKBOO FRQIRUP WR
OLIWLQJ WR WKH KHLJKW ZKLFK DWDQ@GWDRENWKEU 7 KH

DVVHPEOHG VHJPHQWYV ZHUH WKHQ$QHDNVWKEDD®G BHH[ABUGRQHG RIl ZL

RQWR WKH VHFRQG VHJPHQW WR SUHYHQW SHUVRQV IURP KLW
VWUXFWXUDO FRPSRQHQWYV LQMX
(5(&7,212) %2,/(5 &+,01(< REMHFWV GXULQJ HUHFWLRQ

7KH VXSHUYLVRU\ VWDII VKDOO E}
%DVHG RQ WKH RSHUDWLRQDO H[SHIRUFRE )L ¥ BIHAWILRIXODWLRQV
DQG FRPPLVVLRQLQJ Rl WKH FKLRMAWR\QIXHVKLFHVDIH DQG
EXLOGLQJ SUHYLRXVO\ |ROORZLZARUDNDEFKNS>Z @UH
FRQVLGHUHG WR HYDOXDWH Z U WRWPHIQUVPBRBKLQKH KHLJKW SDVV V
PDWHULDOV DQG PHWKRG Rl HUBHWQORUH®IRAREOHU\LQJ WKH ZRUN
KRXVH FKLPQH\ WR HQVXUH EHWW HIJOWL H WM DEDVNSLHHF WO HIDSKRQHV D
WR EH PDGH IRU EHWWHU FRPP
A. OHWKRG EHWZHHQ WKH ULJJHU FUDQH RSH
ZRUNHUV GXULQJ H[HFXWLRQ RI
$Q 2SHQLQJ PHHWLQJ EHWZHHDRWNKHD QDIHWO EH YHU\ KHOSIXO
RIILFLDOV FRQWUDFWRU WKH 7KHVSBF WL YW HFOL@RW RI WKH FKL
RIILFLDOV DQG FRPSHWHQW SHHRPMWHIGIEDGHG@RQ WKH ZHDWKH
WKH LQLWLDO GLVFXVVLRQ RQ WBRHQSDREHIXQGIV DQG
UHFRUGLQJ Rl WKH VDPH KHO SV [*®LS3H SRSBIWMXP @D EH XVHG IRU
UHVSHFWLYH 6237V DV SHU WKH REILWRXVFKREQH\ DQG UHVWULFW W
WKH FKLPQH\ VHIPHQWYV EHLQJ KDC
6DIHW\ ZRUN SHUPLW V\VWHRBRVKDBIOOLEW RI DQ\ HPHUJHQF]
IROORZHG $00 WKH UHVSHF@BXWYIHQJVWERWXARUM WR EH DQDO\]
GRFXPHQWYV UHODWHG WR OLIWQ®BHNTOUSPHIBNVIRU KDQGOLQJ WKI
WDFNOHV 623V -+$ 7DEOH VRRQRGOCPHGLFD®H GLVFXVVHG DQG \
FHUWLILFDWHV VKDOO EH FKHFEHGLEHRURHGVWRH WKH UHVSHFWL

6DIHW\ SHUPLW VXSHUYLVRUV DQG FRQWUDFW ZRL
WKH ZRUN
+D]DUG 3UHFDXWLRQV W ZDV HQVXUHG WKDW WKH MXPS

SURSHUO\ DW WKH IODQJHV IRU SU

9 HULI\ WKH VXLWDELOIWHKH QLJKWHQLQJ > @

OLIWLQJ WDFNOHV FUDQH IRU

WKH ORDGV WR EH KDQGOHGY% ODWHULDO

& KHFN WKH /LIWLQJ 7RROV 7DFNOHV

FH&UL\JNDL?EFESVYHH [')'bV(\éQHFVRVOgSPLLl%LE J WDFNOHV DQG WRROV VK
FHRFERIFDWHYV

&ROO|  BWDWXWRUI UHTXLUHPHQWV FDJH EHLQJ XVHG IRU WKH ZR

VXUH WKH DUHD LV
A I(UQRP REVWDFOHV IRU F IRU PRUH WKDQ WKUHH PRQW

&UDQ RSHUDWLRQV DQG JURXQW WHG DQG FHUWLILHG RU HOVH

/RDG |  SyURSHUO\ FRPSDFWH WHVWHG RQFH D \HDU > @
&RQILUP WKH VWDELOLW\ RI6GWKIQEVDARY HUHFWLQJ WKH VWHH
DW ZRUN VLWH OLJKW DQG IOH[LEOH HQRXJK WR

&RQGXFW VDIHW\ [FKHFN EBXWKHVURQJ HQRXJK WR EHDU Wt

FUDQH SULRU WR VWDUW OLYWL®@U VKRXOG QRW VOLGH ZKL

&DUU\ RXW WKH ORIDG WHVV&;E@JW@ON&HPEHUV > @

FUDQH LV DVVHPEOHKG DW VLWlL vWUHQJWK RI WKH EROWV E
IODQJHV VKDOO EH YHULILHG Z U

7DEOH  6DPSOH -+% UHTXLUHPHQWY EHIRUH XVLQJ WK

'LUH URSH ZLWK EURNHQ VWUDY&EH/ KRREEHYRMW WikH FKLPQH VHJF
XVHG IRU HUHFWLRQ ZRUN :LUH 5RSHV LQ




7KH VWUHQJWK RI WKH UHVSHBWOMMDIORMRNWWRQGDUG VSHFLIL

OLIWLQJ RI WKH FKLPQH\ VKDO OVEAHD WPORPRQHG HDIXE UHPHQW YV

FRQILUP WR VWLSXODWHG VWDQG&DWGHWUHFWLRQ VWDII VKDOO EH

& KLPQH\ VHIJPHQWY VKDOO EMKEIRVLWNRQHELYROYHG 7KH\ VKRX

SURSHUO\ DW WKH VLWH IRU HDMRUKBQRB®HI KFRQGOKH)J RI ODWHULL

VHIPHQWY ZKLOH LQVWDOODWLRQ@SHULHQFHG ULJJHU DQG WKH FLU
WR EH HQVXUHG IRU FDUU\LQJ WKF
&RQVWDQW VXSHUYLVLRQ RI WKI
HQVXUHG

'(6&5,37,21 2) 7+( :25.

7KH WRWDO KHLJKW RI WKH FKLPQH\
Rl VHJPHQWV ZHUH HUHFWHG RQ
ERWWRP VHIJPHQW Rl WKH FKLPQH\ 7
WKH FKLPQH\ ZDV GRQH ZLWK WKH k
PRELOH FUDQH IRU KDQGOLQJ WKH \
FKLPQH\ DQG 7 FUDQH IRU KDQGOI
FDUU\LQJ WKH ZRUNHUV IRU IL[LQJ F

7KH PRELOH FUDQH ZLWK 7 FDSI
KDYLQJ P ERRP OHQJWK ZKHQ FRP
WRWDO P RI WKH FKLPQH\ DQG KDV

)LJ &DJH IRU FDUU\LQJ ZRUN EEE@E%LWKRXW WKH FRXQWH
VHIPHQW ZDV EHLQJ IL[HG
VHIPHQW Rl WKH FKLPQH\

7KH OLIWLQJ WDFNOHV XVHG IRU V

& ODFKLQH ZRUN DUH ' VKDFNOHV RI 6:/ 7 DQG
URSHV RI PP 6:/ 7 DQG PP 6:/

(QVXUH WHVWHG DQG FHUWLILHGZORHELOH @ YBY/HAFWLYHO\ IRU K

DUH EHLQJ XVHG FDJH DQG WKH FKLPQH\ VHIPHQWYV

$ VDIHW\ FKHFNOLVW UHJDUGLQJ WKH ORELOH

FUDQHV VKDOO EH PDGH 7KH VDPH WR EH

LQIRUPHG WR WKH UHVSHFWLYH ZRUNHUV DQG DOVR

SK\VLFDOO\ FKHFNHG DW WKH VLWH DQG HQVXUHG

WKDW WKH VDIHW\ UHTXLUHPHQWY DUH LQ SODFH

/RDG FKDUWV RI WKH FUDQHV VKDOO EH FRQVLGHUHG

DQG DQDO\]HG IRU LWV FDSDFLW\ IRU FDUU\LQJ WKH

ZRUN VDIHO\

6WDELOLW\ RI WKH JURXQG WR EH HQVXUHG IRU

WDNLQJ WKH ORDG RI WKH PRELOH FUDQHV

& OHDUDQFH DURXQG WKH ZRUN SODFH WR EH

HQVXUHG IRU IUHH RSHUDWLRQ Rl WKH ORELOH

FUDQH

' 0HQ

"RUNHUV HQJDJHG VKRXOG XQGHUJR D
WKRURXJK PHGLFDO FKHFN XS DQG VKDOO EH
FHUWLILHG ILW IRU WKH GXWLHV KH LV WR SHUIRUP> @
7KH ZRUNHU FDUU\LQJ WKH MRE VKRXOG EH PDGH

VDIHW\ FRQVFLRXV 7KH\ DUH WUDLQHG |IRU VDIH
PHWKRGV Rl XVLQJ WRROV DQG HT1xL EPHMRR; Rl »RLOHU +RXVH &

7KH 33( SURYLGHG WR WK H Z%%NHg% \%E%Xg/g IE->
F JPHQW ZKLFK LV RI
Rl JRRG TXDOLW\ DQG VKRX IL[HG RQ WR PO

P i



VHIPHQW SHPDLQLQJ WZR VHIBPWQWKH ZBVYRHW XVHG LQ EHWZHHC
DVVHPEOHG DQG LW ZDV P OHQJARKO ® KDYPH EHHQ FRPSUHVVHG GX
DQG 7 WRIJHWKHU 7KH DVVHPE®HGKWRS WKIHRIRXUWK VHIPHQW
VHIPHQWY ZHUH OLIWHG DQG DVAMHPEDHGL Q\ARWIVEEDWLRQ RI WK

VHFRQG VHIJPHQW VWUHQIJWKHQLQJ WKH VWUXFWXUH
*XLGH URSHV PDGH RI Q\ORQ 1
5(68/76 FRQGLWLRQ ZHUH XVHG IRU FRQ

PRYHPHQW RI WKH FKLPQH\ VHJIPI
/RDG DQDO\VLV Z U W WKH O RDIZOKRL @/X K DRIEXHEDUU\LQJ ZRUNH
FDSDFLW\ Rl WKH PRELOH FUDQMWOELWL®) WQENRBWEHWWHU KDQC
ZDV PDGH DQG HQVXUHG WKDW DICHO APDKH GRDGVLQJ WKH ZRUNH
EHLQJ OLIWHG ZHUH ZLWKLQ 6:/ZRIUNKBJPDWHD LA/ LQVSHFWHG D¢
KDQGOLQJ VI\VWHPV > @ WKH ORFNLQJ V\VWHP Rl WKH JDW
'KHQ WKH VWDELOLW\ RI WKHD QU RKQGE QHFWVVDU\ FRUUHFWLY F
FKHFNHG ZLWK UHVSHFW WR W KMDRREQ @K G WKMHQ WKH FDJH ZDV O
ZDV REVHUYHG WKDW WKH WKHUWHHUW LD \VHHS &\ WV FDDRPSHWHQW SH
QHDUE\ 6DIHU GLVWDQFHV EHWZKHQ ADKH FUD|®H ZDV HQVXUHG
DQG WKH VHSWLF WDQN ZDV HQVXUMG DV BHU+WKPA 7KH KHLJKW F
DGYLFH RI WKH VWUXFWXUDO HQUKI) WIDWL OZ KQLFXDXDNQVXUHG DO VR
FRUGRQHG WR HQVXUH WKDW WKMRPRYRRIGQ\W RO WRB FDUU\ WKH ZR
FUDQH LV UHVWULFWHG 7KH FDJH JDWH ZDV FKHFNHG IRU
$QDO\VLV RI WKH VLWH Z U W WRB \BIURSHURDR BRI RI WKH Wi
VSDQ DQG WKH VWDELOLW\ RIHQWKHWHEBUDQH LV
FRQVLGHUHG DQG QHFHVVDU\ FORHDERQEIEVZEWMUH SURYLGHG WR
REWDLQHG E\ WDNLQJ RXW WKEYRLGFBQDURR@E QJ RI PDWHULDO\
WUDQVIRUPHU IRU SURSHU H[WHQVLRQ RI WKH
RXWULJJHUV  7KH VZLWFKLQJ RIl  WKH
WUDQVIRUPHU QHDU WKH ZRUN SODFH IRU VDIH
RSHUDWLRQ ZDV HQVXUHG
7KH QXPEHULQJ RQ WKH UHVSHFWLYH IODQJHV
KROHV RI WKH WZR FKLPQH\ VHIJPHQWV WR EH
MRLQHG ZHUH GRQH DW WKH JURXQG OHYHO VR WKDW
WKH DOLJQPHQW RI WKH VHJPHQWV GXULQJ
HUHFWLRQ LV HDV\ DQG VLPSOLILHG
2QH Rl WKH HPHUJHQFLHV LGHQWLILHG GXULQJ WKH
ZRUN ZDV IDOOLQJ Rl PDWHULDO PDWHULDOV
EHLQJ KDQGOHG RQ WR WKH WUXVVHV FDUU\LQJ
DPPRQLD OLQHV KLJK YROWDJH FDEOHV VHUYLFH
ZDWHU DQG FRPSUHVVHG DLU OLQHV
$00 WKH OLQHV ZHUH LVRODWHG EHIRUH FDUU\LQJ
WKH ZRUN HVSHFLDOO\ WKH DPPRQLD OLQHV ZHUH
LVRODWHG DQG IOXVKHG ZLWK QLWURJHQ WR HQVXUH
WKDW WKH ULVNV DUH UHGXFHG
7KH FRXQWHU ZHLJKWV EHLQJ XVHG LQ WKH

PRELOH FUDQHV ZDV FKHFNHG ZL WK UYHMSHEFMWR WRKH VHIPHOW ZLWK
WKH ORDG EHLQJ KDQGOHG 7KLV ZDYyRMYENE GLRRG vwDELO L W\
XSGDWHG LQ WKH FKHFNOLVW Rl WKH ORELOH FUDQH
7KH PD[LPXP ZHLJKW ZLWKRXW MKHH KRRNMWHULU WKH FKLPQH\ ZDV
ZHLIJKWV ZKLFK WKH 7 FUDQHZKRD®KOKDW DDFDSDFLW\ WR OLIW
7 6DIHW\ PDUJLQ ZDV SURYLGHQA EQBGOWQI WLPH ZKLFK zZDV FU
DGGLWLRQDO FRXQWHU ZHLJKWY|RVK WKDW Rl WKH GHVLJQ DVSHF
7 > @ LQ HQVXULQJ YHUWLFDO SRVLWLR
'KHQ WKH WKLUG DQG IRXUWK VAKIPGIQWK WMRIBWEHWDWQG DYRLGV W
ZHUH LQVWDOOHG RQ WR WKH VKHBBEBQWHEXHQ\WJI WK FKLPQH\ EH
WLJKWHQLQJ RI WKH IODQJH EHRWRAHHE KRN WKKUW F K
DQG IRXUWK VHJPHQW ZDV RQFH DJDLQ FDUULHG
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S5HTXLUHG IRFXV OLJKWV  1RVHOZHWH RDGWKH WZR ODGGHUV QF
DYDLODEOH WDNHQ IURP WKH IZMUIHVHHQW{UFHHY IRQGSURYLGLQJ EH\
3' 7KHVH OLJKWV ZHUH DUUDQJHG LQ DGYDQFH
VR WKDW LQ FDVH WKH ZRUN &HMHWV §8H2D\HG WKH
UHTXLUHG LOOXPLQDWLRQ LV SURYLGHG IRU
H[HFXWLQJ WKH ZRUN (UHFWLRQ RI WKH FKLPQH\ ZKLFK L
7KH SDLQWLQJ RI WKH EROWNLZRW QY XDNCHREXWHG VDIHO\ E\
EHWWHU OLIH DQG VWUHQJWKJIXLGH OLQHV VWDWXWRU\ UHTXLUH
W ZDV HQVXUHG WKDW WKH WRBZXHGIH VBTXHHIF HPDLQWDL QL QJ
RI WKH EROWV LQ WKH 10 DQJHRQWIDIXD CE i FIMJRYLHFG QW RI WKH V
GLDJRQDOO\ DQG ZLOO EH GRQH ZLWK D WRUTXH
ZUHQFK 7KH VXFFHVVIXO DSSK8&.FIPWLROO0RL 7D Q\

WHFKQLTXH DOVR UHTXLUHV TXDOLILFDWLRQ RI ERWK

WKH WRROV WKDW ZLOO EH X'7KH DXWKRUV DUH WKDQNIXO WR
ZLOO GR WKH ZRUN 7KLV F6ULYDVWDYD &KDLUPDQ &KLHI ([H
DOLJQPHQW Rl WKH VHIJPHQW\VDQG & 3KDQL %DEX '&( 1)& . IRU V
SURSHU D®& BRBWRLQ D OHDN VXSSRUW DQG HQFRXUDJHPHQW 7Kl
FRQQHFWLRQ DOVR JUDWHIXO WR RIILFHUV DQG

$IWHU IL[LQJ RI WKH EROW(QJLQHHULQJ 'LYLVLRQ 3' )LUH V
EHWZHHQ WKH VHIPHQWYV WKIXWLOLWLHV IRU WKHLU YDOXDEOH V
IRU KDQGOLQJ ZDV OLWWOH UHOHDVHG WR DYRLG WKH
WHQVLRQ LQ WKH EROWYV DQGBSNKHSWRTKHLQJ RI WKH
EROWV ZDV FDUULHG DJDLQ WR HQVXUH WKDW WKH
UHTXLUHG WRUTXH LV SURYLGHG® 33UDFWLFDO JXLGH WR SODQ
& RQVLGHULQJ WKH HUJRQRPLHUHFWLRQ RI VVRSHO VWUXFWXUHV ~
SODWIRUP LV WR EH SURYLGHG P EHORZ WKH
IODQJHV RI WKH FKLPQH\ IRU SHBV\6LQVSHFWLRYLJQ DQG FRQVWU
DQG FDUU\LQJ Rl PDLQWHQDQWW HRUNFKQPPHUHFRGH RI SUDFWLF
| XW XU H 3DUW
&KHFNLQJ Rl WKH DOLJQPHQW RI WKH KROHV Rl WKH
IODQJHV Z U W WKH IL[LQJ R$ @HIBHQWV ZD®DIHW\ FRGH IRU HU
GRQH GXULQJ WKH LQVSHFWL RQVVRXPMKQM OV KW HIRQERUN
FDQ EH FDUULHG VDIHO\

& RQVLGHULQJ WKH OLIWLQJ SO@ ®MG WIKBQGLKWDRQWK LQ FRQVW
OXJV WKH WRWDO FDSDFLW\ ZARGHK RWSBDOWLIFINV ZDV
FDOFXODWHG WR EH 7 ZKLFK LV PXFK
JUHDWHU WKDQ WKDW RI WKH> @ ZHLJKW RI W&BIH XVH Rl FUDQH
FKLPQH\ ZKLFK QHHGV WR KDQRIOSIEDFWL FH
7KH FKLPQH\ VHJPHQWV KDYH WR EH
DVVHPEOHG WZLFH LQVWHDG >R@ OLKWLYDIF WRROQHV $FW " DQG
FKLPQH\ DW D WLPH GXH WR REWWIXPWER®RUURW 5XOHV ‘
WKH EXLOGLQJ WUHHV DQG WUXVVHV QHDU WKH SODFH
RI HUHFWLRQ 7KH OLIWLQJ RI WKH ZKROH RI
DVVHPEOHG FKLPQH\ IURP JURXQG WR WKH
YHUWLFDO SRVLWLRQ LQLWLDOO\ ZDV QRW SRVVLEOH
GXH WR WKHVH REVWUXFWLRQV
$YLDWLRQ OLJKW ODPS ZDV SURYLGHG
LPPHGLDWHO\ RQ WKH VDPH GD\
$IWHU WKH HUHFWLRQ Rl WKH FKLPQH\ LW ZDV
FKHFNHG IRU LWV HFFHQWULFLW\ DQG ZDV IRXQG WR
EH OHVV WKDQ O O RI WKH KHLJKW 7KLV ZDV
FDUULHG E\ FKHFNLQJ ZLWK D URSH IURP WKH WRS
Rl WKH FKLPQH\ DQG FKHFNLQJ VLPXOWDQHRXVO\

DW WKH ERWWRP SRUWLRQ DQG ZDV IRXQG WR EH
ZLWKLQ WKH OLPLWV



Safety Challenges faced in erection and commissioning of
Instrumentation and control systems in Nuclear Island Connected
Buildings of Prototype Fast Breeder Reactor
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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 pta 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
sdety 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 1&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 plags
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
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instrumentation and control has beem
challenging activity. The instruments were to be
erected in inaccessible locations, at high
elevations, confined areas, high-temperature
sodium pipelines and componentis 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 1& 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 prefabricatbtl 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 1Xm 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. Ml 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 pe-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 handie
emergency. Adequate Lighting was arranged at
the bottom of th€dl 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

Safety measures taken to overcome the above

shoes, Cotton gloves, nose masks, and safety challenges:

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 thes
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 machire. S
bringing in any support structure for erection
was very difficult.

llumination 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.

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 levelagrmaintained
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 vere 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 difficultAll 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
IURP WKH DUHD EHLQJ PRQLWRUHG
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 redthted 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 pe-job briefing was given to the
personnel engaged for the job while starting.

The trainedpersonnel 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 conditidns
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 reactoto 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
platform around the machine to approach the
various heights. Because of the hejgthe

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 pe-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 31lm 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 of15m. 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 tedioua as
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 besaof 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 esss 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 usedto 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 artea)
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 jdb.
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 Challengs:

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 hat@d 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 wre 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 helpad?5T
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 ha 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 repigcasdirecycling 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 comstructi
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 ofiedpent f
discharged from Prototype Fast Breeder Reactor (PFBR). In this paper we will slistisstrial
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 A well established safety organization is one of
reprocessing of irradiated fuels with a high burn the crucial elements of any Safety Management.
up of over 100 GWid/t after short cooling Our organization structure consists of, Centre
(typically about 6-12 months). The technology of Director forming the Chief followed by the Group
reprocessing fast reactor fuel has been being Director (RpG). Under him comes Head IFSS
established in four phases. DFRP which is the followed by Safety officer and Engineers.
third phase of reprocessing fast reactor fuel has
been established to gain experience in the
reprocessing of fast reactor fuel with high Life is precious, whether that of our employees or
availability factors and plant throughput. In- that of contract workers. We are working to keep
senice inspection techniques for critical our employees and contractors safe by focusing
equipments like dissolver and underground waste on compliance and tackling the cultural issues
storage tanks, on line monitoring of raffinate and that can lead to unsafe behaviour. Our goal to
product streams etc would also be demonstrated provide a safe working environment by safety in
in this plant design, construction and operation is helping to
strengthen our safety culture. Efforts are being
INDUSTRIAL SAFETY ENHANCEMENTS IN taken by senior management in nurturing safety
DFRP culture in site supported by policies, procedures,
the necessary resources and communicated
throughout the organization

Safety Organization

Safety Culture

Safety Policy

Zero Accident is our goal. In this regard, Project
management has developed a health and safetySafety training
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.

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



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 fithess
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 Systemin order to ensure

safety in all hazardous jobs such as excavation,
ZRUN DW KHLJKW{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 Analys

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

FRQILQHG )R frd Yadidééiﬁt{f boFPfficdive 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



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 contrel 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 gagedow 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

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

workers. These measures include usage of
laboratory hoods, shielding, usage of master Fire Safety

slave manipulator, analytical robots for sampling A potential risk to the health & safety of the plant
and pippetting, interlocks, standard. operating personnel and the general public in a fuel
procedures (SOPs), and appropriate  PPE, reprocessing plant is the release of radioactive
designed to minimize exposures to hazardous material due to a fire or explosion in an area
chemicals. 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¥')53 6DIHW\
ODQXDO" DQG WKH VWDQGLQJ

Corrosion Safety

During reprocessing of fuel assemblies are
chopped and dissolved in concentrated nitric
acid. There can be severe corrosion of material

in the high molar nitric acid and high ILUI

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

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,



Emergency exit plan has been displayed in safety The crane has sufficient safety features like
notice board and conspicuous places. All the double wire rope system, two rope drums, two
operating staff, fire squad & salvage squad are independent brakes, VVF drive etc. As per the
periodically trained in fire fighting. Fire drill is AERB guidelines, for enhancing the riggers
also conducted periodically to ensure that knowledge on Material Handling and rigging,
employees are trained on emergency plan. The special training classes are being conducted by
fire hydrant ring has been designed around the us, we mainly focused on safety, inspection and
building. operation. After that they are assessed for their
competency followed by small test, completing
that they are certified for carrying out the rigging
All the electrical machine and equipments job inside the DFRP site.

installed inside the DFRP building is as per IS

standards .Power supply has been routed through PRESSURE VESSEL INSPECTION AND
ELCB & MCCB. Earthling part has been taken TESTING

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.

Electrical Safety

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
PERIODICAL INSPECTION OF MATERIAL oot TP 0 e B0 ot to decde
HANDLING EQUIPMENT the fitness of the pressure vessel before hydro test.
During handling operations, the loads may A detailed inspection & testing procedure along
suffer shocks, deformation, crushing, or dropping with check list are prepared and filled. If the
due to failure of handling equipment, derailment pressure vessel is not subjected to hydro test due
of a transporting unit, collision with an obstacle, to operation / space constraint, it will be
or poor gripping. These events may have direct or subjected to non-destructive examination. In
indirect radiological consequences: if the load DFRP construction site numerous numbers of
contains radioactive materialAs MHE are used  pipe lines and pressure vessel has been subjected
to handle both radioactive materials as well as to the pneumatic and hydrostatic testing before
other items, lot of importance is given for their usage.

periodical inspection by competent person
meeting the requirement of Act / Rules to carry
out the periodical inspection once in every 12 To arouse safety awareness among workers we
months. Load testing is done for%075%, and conduct safety quiz, competition, poster display,
100% and125% of the SWIn DFRP Head End  slogan and essay competition etc. We also
Facility single failure proof 40 Ton EOT crane celebrate National Safety Day or" 4viarch,
has been installed [FIG. 3]. Environment Day on "5 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 patrticipants 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.

Safety promotion

Occupational Health Centre

FIG. 3: SINGLE FAILURE PROOF EOT CRANE Risk identification and implement safe measure to
protect workers safety and health at work. We



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

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.

Good housekeeping should always be maintained Classification of Radiological Emergencies

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.

1) Emergency Alert

2) Laboratory or Plant Emergency
4) Site Emergency.

5) Off Site Emergency

Crisis Management Committee and Cyclone
Protection Committeen 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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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. Duriflgir2&diation campaign at 27.3 MWt power,
reactor underwent shut down due to tube leak in west steam generator module. The f&@raasf
been of the first of kind experience for FBTR and replacement of the lealeraliied for elaborate
activities viz identification of leaky module, modification of spare SG moduledduoe welded orifice
assemblies, requalification of the preserved spare SG module, removal of ledide fmiom the SG
casing integration of new module to the system, qualification of new SG. A speciaisciptinary
task force with personnel from operation maintenance technical, quality assurance aridahsafety
were constituted to execute the task. The entire work could be completed in a short sparobfwio
and half months against the original schedule of four months. The systems were normalized; re
power was raised to the target power of 24Vat.

Key wordsFBTR, SG Module, confined space, hot work

1. INTRODUCTION The sodium flows in the shell side and
Fast Breeder Test Reactor (FBTR) is a 40 MWtwater/steam through the tube side. There are two
sodium cooled loop type reactor. Liquid Sodium SG modules each in East & West Secondary
in the primary circuit at 51% is circulated sodium loops connected in parallel (Front view of
through reactor by centrifugal pump kept in a SG modules are given in Fig 2). Each module
double wall stainless steel vessel. Heat fromrated for 125 MWt. The SG generates
primary is transferred to secondary sodium superheated steam at 125 kgfc 480°C by
through intermittent heat exchanger (IHX). transferring nuclear heat from primary sodium to
Secondary sodium at 50D is circulated through the tertiary steam water system through
steam generator (SG). FBTR Steam Generatorsecondary sodium with inlet sodium at 510

(SG) is a once-through shell & tube type counter

flow heat exchanger (Fig 1).

FIG 1: SCHEMATIC FLOW SHEET OF FBTR




2. SGLEAKINCIDENTS IN FBTR Schematic diagram of the SG modules are given
During 25" irradiation campaign at 27.3 MWt in Fig 3. This was compounded_ by the fact that
the quantum of leak was very minor, occurred at

power, the Sputter lon Pump (SIP) based Steam .
Generator Leak Detection System indicated tubr(:hlgh pressure (125b) and temperature (B0

leak in the east loop Steam Generator. The SIPand these conditions could not be recreated again
signals crossed the threshold ondéncentration for identifying the leak. Hence, a novel technique

on absolute and rate of rise. Reactor tripped on (Gas tracing) was employed to identify the leaky
LOR from 2/3 logic on SGLDS SG was but in module. Gases helium and argon at 40 b pressure
cafo Conﬁgurgtion automatically P by Was admitted into SGna G00A and SGna 600B
depressurizing the water on tube side of Westrespectively. The shell side of the modules was

o . sampled for the presence of helium. As no He
loop SG and admitting nitrogen at 5b pressure. content could be detected, the gases in the two

Analysis of expansion tank cover gas showedmodules were reversed. With He in SGna 600B &
hydrogen concentration of 5% and the Plugging Ar in SGna 600A, presence of He was detected in
temperature of dumped sodium in the west loopthe shell side of SGna 600B. At the end of 6 h, He
was found to be 12€ against the normal value concentration was found to be 1042 ppm
of <105°C. As any increase in Hydrazine content indicating that SGna 600B is leaking and the
in feed water and any oil leak from sodium pump order of leak is very minute.

also could cause increase in ldonc., 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, H

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 FIG 2: FRONT VIEW OF SG MODULES
isolation valves, identification of the leaky

module has become a big challenge.

FIG 3: SCHEMATIC DIAGRAM OF FBTR SG MODULE




3. CHALLENGES AND EXECUTION OF  weight 6 tonnes inside SG casing where working
WORK (FIG. 4 TO FIG. 10) space is a premium and no crane access

The failure of SG has been of the first of kind is available. Lifting of the module and movement

experience for FBTR and the replacement of theOI thet module dare to _be d'(l')r?e manuallly fV\f['rt]h
leaky module called for elaborate activities viz. :g;?(os rsséilsnangretcr:(salo?r'ltro dic;iez)rgm:)? g aree
cutting of water/ steam headers, sodium headersm dyl d b ina inch by | hp q
sodium cleaning & safe disposal, maintaining the odule were done by moving Inch by inch an
entire system in inert atmosphere during the each operation lasted about 8 to 9 hours.
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 FIG 5: HANDLING TRUSS WITH CARRYING BEAM
headers, welding the joints, post weld heat ALIGNED IN FRONT OF SG

treatment of weld joints and qualification by

liquid penetrant inspection, radiography, helium

leak testing and finally by hydro testing of the

tube side

FIG 6: DEFECTIVE SG PULLING OUT FROM SG
ALONG WITH CARRYING BEAM

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 FIG 7- DEFECTIVE SG PULLED OUT FROM SG



Highest industrial safety standards were followed and regular safety inspections carried out.
during the execution of work which spanned over = Necessary isolations were done. As SG is
more than 10 weeks and there was no accident or  connected with different gas systems, its
man-hour loss. The entire work could be positive isolation have been ensured by
completed in a record time of two and a half providing dummy in the line after closing the
months against the original schedule of 4 months.  necessary isolation valves.

The systems were normalized and after observing
the SG operating parameters, the reactor power
was raised to the target power of 27.3 MW.

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 checkilist.

- 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.

FIG 8 NEW SG INTRODUCTION IN TO SG . .
CASING - Material Handling

_ . _ Valid load test certificates for the EOT crane
After replacing the defective module with a and chain pulley block were ensured.

gualified 2.25Cr 1Mo spare module. This module ) ) o

suffered two shell side leaks from one of the - Welding, Gas cutting, grinding works
thermal baffles to tube joint (of Tube G which ~ Safety of the equipments which are in use
was in blanked condition). The first leak was  Were checked regularly.

during reactor operation and the defect was . Fire fighting equipments and accessories
rectified after establishing the pattern of defect During the work, availability of sufficient

propagation as it was found to have originated  numbers of fire fighting equipments and first

from a material defect which went unnoticed aid items were ensured.

during testing of the module during fabrication. _

The second leak occurred on'"2&ept. 2017 - Confined work spaces

during the qualification of the module after its Since work is in confined space, oxygen level
repair at high temperature. As the same module  INSide the SG casing has been monitored with
leaked twice, same was replaced with a spare portable oxygen meter, sufficient illumination

9Cr 1Mo module. (lighting) and ventilation also ensured.
4. FIRE AND |INDUSTRIAL SAFETY - General housekeeping was ensured in the
ACTIVITIES work space.

- Radiography work
During the radiography work area was
barricaded and warning signs were placed at
site

- 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



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

Removal of failed SG module after
transfer of support from hot beam to
suspension supports and hot beam
removal.

Insertion of spare 9Cr-1Mo SG in SGna
600B position and welding.

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 d&lleose-
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 (SQP

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., 1999. 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, 206l Trackless
underground hardrock mine is a bit complicatedas

[1]

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 2096 The
causes of injuries are very repetitive in nature. The
failure of brake andtwisting of steering are other
frequent causes (Miller, 19%5 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., 2036 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 patrticipating 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



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 8 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 perforngance

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
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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 wherell 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:

$ JHRSK\VLFV RSHUDWRU ZLWK \
IXOO\ DZDUH WKDW WK H QWKHRX OX Q C
I[UHV KO\ E Otbevefdid BetdJVRHRUY GHOLEUL
WR VDYH KLV WLPH IRU OHLVXUH
RQH RI KLV FUHaIRHWXB\UGIRAINWER |
Bsmall fragmentofORRVH URFN

,Q DQRWKHU LQVWDQFH RI D QH
PHFKDQLF ILXOO\ DZDUH WKDW WHEK
UHTXLUH DWWHQWLRQ WDNHV W
URDGZD\V ZLWK D JUDGLHQW RI L
ORVW FRQWURO RI WKH YHKLFOF
VPDVKLQJ WKH VLGH ztrately KIHWKH
D Q G K Lascapdddwith minor bruises.

1.5 Development of Safety Management
Plan:

The preparation of SMP involved forming
multifunctional team.lt 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




on standard procedure bring about cultural ZHUH SUHSDUHG DQG WZR RI WK

challenge in implementing the change. QDPHO\ IDOO RI ORRVH URFNV D¢
YHKLFOH ZHUH LGHQWLILHG IRU
() Preparing SMP WKURXJK W KH &ULWFDO +D]|

The first stage was identifying all hazards in a 6\VWHP &+&6
process by involving all stakeholders. The nextstep ,W ZDV PDGH PDQGDWRU\ QRW \
involved preparing a risk rating of all hazards so ZRUNLQJ IDFH E\ PRUH WKDQ RQ
that the hazards could be priorities.The risk rating VXSSRUW XSGDWDWLRQ DQG RW
involved consequences of the associated hazard, its SDUDPHWHUY OLNH KHLJKW SLOGC
exposure and probability of such hazard in a VSDFLQJ HWF ZHUH VWULFWO\ LC
process. The quantization of rating was done by DSSURYHG GHVLJQ 7KH PRQLWRUL
quantifying the consequences,exposure and ZDV LGQGRALWWH VDIHW\ RIILFHU W
probability. The risk rating of a hazard was VWULFW LPSOHPHQWDWLRQ RI 622
calculated as: DFKLHYH WKH LVVXH ZLWKLQ RQH
FRPSODLQV RI VORZ DGYDQFH RI 1
KRZHYHU ODWHU LW ZDV PLWLJDW
7KH RWKHU WDUJHW WDNHQ zZDV W
YHKLFOHY 7KH KDELWXDO PLVWD
PDQKROHVY GXULQJ YHKLFOH P
FRPSOHWHO\ FRQWUROOHG E\
Risks are categorized according to the level of isk PRQLWRULQJ JOXRURVFHQW MDFI
i.e. highest to lowest, which enables one to establish FRPSXOVDU\ DQG QR RQH FRXOG H
risk which need immediate attention or may be ZLWKRXW IOXRURVFHQW MDFNHWYV
managed in an ongoing manner for example shown YLVLELOLW\ WR YHKLFOH RSHUDYV

as follows: PDOGDWRU\ WR QRW WR UHPDLQ
Risk >200 :Requiring immediate attention ILYH PHWHU IURP WKH PRYLQJ YHU
Risk <200&>20 :Requiring Management Action W ZDV GHFLGHG WKDW WZR QXPE
Risk <20 :To be watched and reviewed PDMRU KD]DUGV ZLOO EH WDNHQ

- L - : DIDUG &RQWURO 6\VWHP &+&6
Scale for risk rating is depicted in Table-1 & 2 *
(Depictedin Page 5). DGPLQVWHUHG WR PLQLPLI]H

$ SHUVRQ LQ bvax@iydouldnenepsly FRQVHTXHQFHV
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 7KH ZKROH SURJUDP LPSOHPHQWH

of such hazard identification, risk control and aKng' %c?olr-'pc();rateH (f)e\ll_v PaIEfi(rngz)it\i/\YeL (sga?etg/ Erapcrilces I W
management is shown Fable 3, Table 4(Shown

in Page 6 -8 and an example aBOP is hereby Sé $ E PSHH UV\Y RI\I(EI\IQ SVLW bu gv HPGL XIYPLXQISJ 'Z
illustrated inAnnexure | of Page Neb. Q QJ Q

$IWHU LGHQWLI\LQJ WKH KD]DU R/YLWV%H QI%DLWQ 4R gSODFH \
SURFHVV FRQWURO SURFHGXUHV'%Z%FU %Hﬁ_ RQH
DOVR GHILQHGWKH VRXUFHV RI $%¥RIY, E?‘ﬁ'tﬁ u'R Qfmr'z\ ’Qwer‘?
ULVN FRQWURO LQGH] ZKHWKHU9¢ “Eck/f Mgy OVBQQE‘“ aluglign,, o
IL[LQJ WKH UHVSRQVLELOLWLHe\/f'CaWRO W BIR'@sreigtion RQ'FH'

SURFHGXUH .
1. It was observed thatwW KH X Q VsDD HP D M\ U

( Discussion

() ZKH LPSOHPHQWDWLRQ VRX(MEddidentDQG PRVW RI WKH XQVD
7KH ILUVW VWDJH UHTXLUHG H E\Ry% R&Q FRUH
RSHUDWLQJ SURFHGXUH DQG H Y KOGV DV KL
IRUPDWLRQ Rl VWDQGDUG RSHU efgons with unsafe

$ ZHHNO\ WUDLQLQJ VKHGXOH E%WGF ¥3?—Y"ér rt@ ﬁr Ced“reYe”O
DOO PLQH ZRUNHUV RI DOO GL\Pﬁ"@St ir e | & h@ PR fpyRgecided a
WUDLQLQJ DW PLQH ORFDWLR WKH y u;llvrslle YH
VHFWLRQ LQFKDUJHV DQKDERPS W ‘??e\}?tlsn \§RIgRpn

FRSLHVreRvai k6123 ére DOVR SURY L% 3 tt]he person thohmakes an “”Eafe
W R PL Q H of &l $e¢tibhsNd OLVW RI1 KD ?.BtLPéIRFCte rather it is one of his crew member
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who had faith on his ability got the injury.lt points
to the fact that we should not emphasize only on our
supervisors for SOP but iis necessary that a
tradesman like a mechanic,electrician,operator etc
who take a decision on spot are to be focused
reducingthe unsafeds.

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. Alist of lead indicators like numbers of training
classesconducted, evaluation of workers risk
perception and empathy of SMRc.ewill 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, n@ad \ TV
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 a
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 wha
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

[4]

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 institutionalizé. 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
athreat. The faster we change the beigefior 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.
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1.1 Scale for Rating

¥%2 RSP 5HOHYDQW VWDWXWF % DGC: DGMS circulars

¥, MG: Management guidelines

% RES: Responsibility

% REG: Regulation of metalliferous mines

regulations,1961
% SOP: Standard operating procedure

¥ CONS: Consequence

% PROB: Probability

% 1AF: Immediate Action Flag

¥ ERCI: Existing risk control index

% MED: Medium

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 0.1 Unusual (monthly) 2.5 Only remotely possible 2
chance fatality
Mariwggllj?isetstlme 0.01 Occasional (yearly| 2 Conceivable but unlikel 1
On(ienljcl)j;[/tlme 0.001 Once in 5 years 15 Practically impossible 0.5
Small injury 0.0001 Once in 10 years 0.5 Virtually impossible 0.1
Once in 100 yeary  0.02
Risk Ratings = Consequences x Probability x Exposure
Table-2
SI.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:

¥RUL(T): Rule of mine vocational training rules

1966
% HAZ: Hazard

Y. EXPS: Exposure
% YF : Yellow Flag
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IMPLEMENTATION AND ENHANCEMENT OF SAFETY MEASURES IN
SST-1 CRYOGENIC SYSTEM

5DMLY 6KDUPEL 9 / 7DQQD &U\RJHQLFV GL)

,QVWLWXWH IRU 3 ,QVWLWXWH IRU Z ,QVWLWXWH IRU 30|

%KDW *DQGKLQD. %KDW *DQGKLQD *DQGKLQDJDU
*XMDUDW ,QC *XMDUDW ,Qf *XMDUDW ,QG

(PDLO UDMLYV#

$%675%$&7 37)( SRO\WWHUWDIOXRURHWK\HOHQH

At IPR, In SST-1, cryogenic division have twd 6 6WDLQOHVV 6WHHO
sections, one is 4.2 K and other 77 K temperaturé 8 3RO\XUHWKDQH

fluid section that is used for cooling of 159 1RQ SHWXUQ 9D O YH
superconducting materials coils, reducing the hea & O0DLQ &RQWURO 'HZDU
load. There are various sub-system of cryogenic
helium plant which needs attention and regular7 * 7XQJVWHQ ,QHUW *DV

3( 3HUVRQDO 3URWHFWLYH (TXLSPHQ'
, QVWLWXWH IRU 30DVPD 5HVHDUFK

inspection with respect to safety concern for) ,QWHJUDWHG JORZ 'LVWULEXWHG &

working personnel and prevention of damages of the
systems. The concerned sectors of cryogenic systems752'8& 7,21
are namely, high pressure of 150 bar (g) in helium
gas pressure vessels, safety mountings as safbtythe described various sub-systems of cryogenic
valve, rupture disc and NRV, LHe and LN2 fluigplant, mandatory various safety devices have
cryogenic transfer lines, Thermal and vacuunbeen installed which protect and create safe
insulation in system, 80 K vent line, high pressurejorking environment. Safety concern is more
helium gas cylinders for filling and testing, lowsevere at cryogenic temperature due to huge
temperature lab experiments at 4.2 K and 77 Kdensity variation of cryo fluids from liquid to gas
helium leak tightness test at cryogenic temp armbnversion state. The following are the safety
high pressure. Cryogenic division strictly follow theequipments installed on the systems are listed
safety guidelines, practice, norms and Rules, use wfider-
safety protective equipments, regular inspection(a) The high-pressure safety valves which is
monitoring during operation, maintenance andntegral parts of integrated flow distribution
testing of systems. Implementation of safetyystem of cryogenic system, its function is to
procedure, norms and equipments enhances thalease the helium gas at the time of quench at 15
safety culture with zero accident. In this paper, wbar (g) pressure in SC magnets and transfer
present the experience of actual problems occurrdtelium gas to connected recovery pressure
and its rectification with safety aspects, lessostorage tank (b) LNCryogenic transfer line with
learnt in different sub-system of cryogenic system. vacuum evacuation port and safety valve of 80 K
distribution system, 80 K vent line with cryogenic

Keywords: cryogenics systemd.2 K and 77 K thermal insulation (c) High pressure helium gas
temperatureghelium leak tightness, safety equipments storage vessels sealing at 120 bar (g) in RTJ

JDVNHW EDU J LQ $16,
120(1&/$785(

sealing, hand valves, rupture disc and safety

667 6WHDG\ VWDWH VXSHUFRQG%?\W)Egg't Wﬂgs,\pagequpedwnhauto

/1 JLTXLG 1LWURJHQ ling rupture disc at 1.040 bar(qg)
6& 6XSHUFRQGXFWLQJ (d) Rupture dISC NRV (Non return valve) and
57- 5LQJ 7\SH -RLQW safety valve at pressure at 1.3 bar (a), cold

$16, $PHULFDQ 1DWLRQDO 6WD QGleliusm mapow Lofv MainHControl Dewar of LHe
6&$'$S6 XSHUYLVRU\ &RQWURO DQG flindv (@) Spring loadet ls&f€ly valves in 2 stages,
38) 3RO\XUHWKDQH )RDP pressure relief valves, rupture disc, cryogenic
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bellows to take care of high pressure, thermarhe described sections are the repairing and
contraction and induced thermal stresses in thsolution procedure to the respective systems
system(f) Laboratory LHe and LN Dewars with considering the safety aspects of working
inbuilt safety valve, relief valve and rupture disc ~ manpower and equipments.

2%6(59%7,21 $1%$/<6,6 $1' &%$86(6L2)HDNDIHODQ QJQ1&8U\RJHQLF 7UDQV
(9(176 2&&855(' ,1 7+( 6<67(06 /LQH

During and after the operation of SST-1 machinelhe vacuum puppet valve assembly of evacuation
following problems were observed, analysis of itport of leaked section was found missing that
happening causes, rectification, testing ofndicates the inner process pipe leakage. The
components separately and along with system @myogenic bellows was found leakage of inner

operating conditions were carried out for solutions. section of line confirmed by helium leak test and

(i) Huge frosting and condensation observed iphysical crack in convolution of bellows. The new

many sections of main LNryogenic transfer line tested bellows has been installed [1] in the

and sub-cooler vessel (i) LNryogen dripping out process line by cutting and welding of transfer

from the evacuation port of maibN, cryogenic line assembly in two-half sections as shown in
transfer line and 80 K main vent line (iii) Heliumfigure 1 (a), 1 (b) and 1(c).

leaks of order of 16 to 10 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 tes
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 linesdan (b) (©)

section, vessels due to vacuum level degradation i *g85 ( D 6&+(0%$7,& 2) &5<2*(1,& /1
annual space or pressure rise due to high suspected, 1( E /($. ,1 %(//2:6 F 9$&880 $1°
air leaks (ii) LN fluid leakage in cryo transfer line I($. 3(5)250%1&( 7(67

could be due to failure of inner Bellows, Inner pipe LL /HDNDJH LQ PDOQQWHRW /1.

contract and exert forces on outer jacket pipe at 76 LVWULEXWLRG VIVWHP RI 667
K and induced thermal stresses and strain due to

temperature cycles. The leakage was found in 80 vent line section of
(iii) External Helium leakages in safety valve due tpear NRV valve seal assembly. The leaked
connector thread worn, inner seal damage, sefection was taken to ground for repairing. In-

pressure changes due to spring constant variefouse developed dissimilar material sealing

more pressure (> 10% of operating) at safety valvgndium, PTFE and SS) was replaced as shown in
outlet, uneven tightening of flange joints, PU tubgigure 2(a), 2(b) and 2 (c).

enlarges at pressure condition and aging criteria

effect of material deterioration in Rubber gasket

seals.

INVESTIGATION, RECTIFICATION AND
IMPLEMENTATION OF SAFETY ASPECT IN
SYSTEMS



In double walled vacuum jacketed lines found the
vacuum level degradation < TOmbar that
resulted huge condensation and frosting in
transfer line sections. All f vacuum ports has been
HYDFXDWHG X@bar@nd prefsure rise
is < 10% mbar in 24 hours was observed and
acceptable

©)
),*85( D 159 /($.$*( ,1 . 9(17 E ,1
+286( '(9(/23(' 6($/ F 5(3%,5("
9(17 /,1(

LLL 5HSODFHPHQW 7HVWLQJ DQG ,QFRUSRUDWLRQ RI
6DIHW\ YDOYH DQG 159 LQ . GLVWULEXWLRQ
VA\VWHP

_ _ _ (a) (b)

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 (© (d)
mitigated the external leaks to Helium leak rate: < ), *85( D 38) 7+(50%/,168/$7,21 E
2.5 x 1 m bar- I/s at 14 bar (g) that confirmed by 1,75./( 7+(50%/ '168/$7’2.1 F

. L (99&8%7,21 352&(66 G 9%/,'$7,21 7(67
sniffer mode test as shown in figure 3 (a), 3(b), 3(c). 2) ,168/$7,21 $7

Y &UXFLDO +HOLXP /HDNV LQ &U\F
6\VWHPV-RI 667

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.

(2) (b) (© ame _

FIGURES. (a) COLD TEST OF SAFETY VALVE jp  Helium leakage found of order of 1t 10" mbar
SAFETY VALVE LEAK AND SET PRESSURE TEST I/'s in various sub-systems, namely, Rupture disc

(c) SAFETY VALVE AND NRV IN IFDC SYSTEM [3] in high pressure vessel, external leak in safety
valve ring of 150 ANSI flanges of high pressure

LY ,QVWDOODWLRQ RI &U\RJHessss 714 H feru OPUQapeamw LGk dlow
DQG (YDFXDWLRQ RI &U\RJH Q Inrasuemenassgown iQ figure R (a), 5(b), 5(c),
. 'LVWULEXW-LRQ RI 667 5(d) and 5(e). The rectification of leaks was
attempted by repeatedly tightening the assembly,
To improve the thermal performance and reducestplacement of seals, replacement of PU
the losses in LNvent lines, the cryogenic gradeconnector to SS connector wherever required.
thermal insulation [2] has been installed andAverage Helium leak rate has improved to better
replaced of various sub-systems of 80 K distributiothan 5.0x 18 mbar-I/s after repairing confirmed
of SST-1 as shown in figure 4(a), 4(b), 4(c) and 4(dBy sniffer mode test.



@) (b) (€)

E F

),*85( D )(558/(6 81,7 /($.$*( E
)(558/( 6758&785( F +(/,80 /($. 7(67
$7 35(6685( &21',7,21

ENHANCEMENT OF  SAFETY IN
(d) (e) RESPECTIVE SYSTEMS BY
),*85( D/($.6 ,1 +,*+ 35(6685( 9%/9 (& EMENTING THE SOLUTIONS
583785( ',6& 2) 0& F '$0$*( 583785
’68556(255%/5:(1+(2/)8$01§'$6 9225%1(/6(5 2] $IWHU FDUU\LQJ RXW WKH UHSDLL
2311(8725 .2,176 QVWDOODWLRQ DFWLYLWLHV RI VI
! VDIHW\ JXLGHOLQHVY QRUPV DQG LI
(vi) Oil Leakage in Ferrule Connection of Helum XQDFFHSWDEOH HYHQWYV KDYH E
Compressor Station Oil Unit FU\RJHQLF GKMLVR®B®QRZLQJ DUH WK
VIVWHPV OLVWHG XQGHU LQ ZKLFK

'XULQJ RSHUDWLRQ RLO OHDNPIH A H R LPPPHEE Q W Rk 1
KHOLXP FRPSUHVVRU RLO XQLWYVH{4H 'leLE)'?/v]g \b\@'v SUHYH
EDU J SUHVVXUH DV VKRzQ LYK H pGHY L\évb%LOOY
F 7KH SUREDEOH UHDVRQV F Li; v\% o)

WXELQJ ,” FRPSUHVVLRQ PXFK Y{ DS RI
QXW GDPDJH DJLQJ HIIHFW D W H, % gﬁ [5? SN OHDN
VHDOLQJ PDWHULDO *DOOLQJKB%< F& \L/J\I7|>\/L\?|L|RQ IE ié{i/L IVSURVA
HWF 7KH OHDNHG IHUUXOH DVYEPEQWIZRY WP K9 REUHDRBUH v H
UHSODFHG ZLWK QHZHDNJ WAOKYWMHW VDRVH RPEDU[O V DWH &' 5XSW
[~ PEDU OV DW EDU J 7TQWNHNVNYRMHHFPWVEREBOG LQ VDIHW\ YDC
ZRUNLQJ VDWLVIDFWRULO\ LQ KH®BRXR VI GEH WG W WRQ EBRIEMVE UHV ¢
ZLWKRXW DQ\ WURXEOH WHVWLQJ VHWWLQJ DQG LQVWDOO
DQG UXSWXUH GLVF KDYH EHHQ G|

OHDNV KDYH PLWLJDWHG DQG OHDN

RUGHU RIURP PEDW V DW DOO OH

ORFDWLRQV LL ,QQRYDWLYH VRO.

RI 159 LQ UHWXUQ FLUFXLW SUHYHOC

VDIHW\ YDOYH DQG VDYHG VLJQLILF

9DFXXP HYDFXDWLRQ RI FU\RJHQLF

PEDU WKHUPDO LQVXODWLRQ RI FLU

5 FROG YHQW OLQHV DQG VHFWLRQV
YHQW OLQH 159URKWQQQJRIUIBKDV

XUH GL



VHSDUDWRU K\GUDXOLFV DF WpeXdrMahds VandViaidistionStests Y@ Wariéd W K H
FRQGHQVDWLRQ OHDNDJH DOQdat &t Udpbr&ing toridions W Kgrevérdt the
IOXLG 6DYLQJ RI KXIGXDB R XOQWBpeibnM@iproblem. Identification capability of
PDQSRZHU DQG SUHYHQWYV Wkl oBsKriatiofs BIEaR brbbaliiity in cryo
HTXLSPHQWYV L S HGRODHH PN HRGind- Q No  vacuum  degradation,
(O, £ RONEOE BB L Lrbbbord o respg s soaned shen o
epat i in d Iesy” Th
VDIHWA WR PDQSRZHU ZRUNLQ eakage and dripping out of LNluid has almost
. . prevented in 80 K vent line that saved significant
/(2652 1 1 &/($7521_$?5 '6 &6+$$//7(<1 (681 amount of fluid. Different types of crucial helium
(:3(5.( ( ' ) ( leak joints identified and mitigation solutions

The problems occurred in cryogenic systems whidive been implemented to reduce the helium
have rectified by safety norms, procedure antgaks. Adopted in-house developed solutions give
installation of safety equipments. The working &S learning an impact towards preventing the
cryogenic temperature environment is drasticall@egradation of overall system performance. The
different than working at room temperature. Thé@verage helium leak orders of 1@ 10" mbar-
material behaviour, strength, unexpected results & V RI LGHQWLILHG OHDNV ZHUH LP
cryogenic temperature and high pressure needBbar-l/s. Performance of all repaired joints
more attentive and regular monitoring andfound in an acceptable limit and has been
inspection of the systems. Experience of [yyorking satisfactorily. This practice ensures us
observing vacuum degradation, condensation arggfety to manpower and enhanced the
ice frosting in any section of cryogenic transfer lind€rformance of systems with no occurrence of
that confirms the leak in transfer line. Various typalnacceptable events probability.

of cryogenic thermal insulation and their behaviour

as mainly remain flexible at low temperature asb&.12:/("*(0(17

observed during performance test. Pulse TIG

welding process adopted by controlling temperaturéhe author is thankful to all colleagues of
to prevent the burring the super insulation ofryogenic division, Institute safety division for
cryogenic transfer line, welding weakness as podheir support, help and team work and We are
penetration, inclusion, root porosity etc. remairgdlso thankful to the local vendors who involved
vulnerable to induced thermal stresses and strair@1d contributed in the task carried out at IPR.

at cryogenic temperature. Mask and Unmask

techniques developed to localize the helium Ié&ak. 5 () (5(1&(6

was a technical challenge to carry out the tasks at

12 meter height and in congested space network. Aif @ 5DMLY 6K D U P CRephritingDae@d 3
the jobs were carried out by using PPEs as safewelding experience of LiNcryogenic line of 80 k
glass and face shield, cryogenic hand glovedistribution system of SST- Indian Welding
Trouser, high top shoes etc. as per the needs. T¥eurnal, Vol.50, No.1, January 2017, pp. 65-71
cryogenic division has equipped with Emergenc?] Rajiv. Sharma et al. 2017, 3Thermal
shower and emergency breathing air,s@ixygen Performance Enhancement of LN2 Distribution
alar and oxygen level monitor system for saféystem of SST-Indian Journal of Cryogenics

working environment. (1JC), Vol 43, 2018
[3] Rajiv Sharma et al. 2018\litigation and In-
CONCLUSION house Repairing of Crucial Helium Leaks joints

in Cryogenic Systems of SST- 3URFHHGLQJ RI
To make safe working environment and handlingEDA 2018 Symposium
capability in an emergency condition, cryogeni¢4] 5DMLY 6KDUPD HWhyddtatic 3
division has established and follows the safetgressurization test of high pressure helium gas
practice, norms and culture in workplace. TheVWRUDJH Y HVVH O vnaDMétitud56f ,Q WHU Q
various problems occurred in systems durindgrefrigeration  Journal (ISBN-9782362150029),
running operation has been solved efficiently. ThE&sSN-01511637
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ABSTRACT: The fuel of nuclear reactor I. INTRODUCTION
undergoes wide range of power & temperature The fuel of nuclear reactor experience variety
transients during normal and off-normal of temperature and power profiles during
conditions e.g. postulated condition of Loss Ofnormal as well as abnormal conditions e.g.
Coolant Accidentfollowed by actuation of postulated condition ofLoss Of Coolant
Emergency Core Cooling System, reactor poweAccident (LOCA) followed by automatic
set-back & step-back and decay heat generatedctuation of EmergencyCore Cooling System
after reactor shutdown. For the design & (ECCS), reactor power set-back & step-back
development of reactor safety and safety relategbatterns and decay heat generated after reactor
systems, these transients are simulated in higkhutdown. During LOCA, temperature of fuel
pressure, high temperature and high powerbundle increases due to the loss of coolant,
experimental facilities for generating databasefollowing a particular temperature pattern. The
of vital process parameters under all types offuel bundle temperature can be controlled by the
operational transients & abnormal conditions introduction of ECCS, which brings a downward
that can be compared with predictions fromtemperature transient. Some time, the power of
computer codes thus validating ever-evolvingreactor is automatically set-back due to the
and advanced software. Regulated DC electricaliolation of limits on certain parameters like the
high capacity power supplies having fasttemperature of fuel bundle, etc. After shutdown
response time and precise current stability areof the reactor, nuclear fission reaction gets
used in these experimental facilities forterminated but the generation of heat due to
simulating the power and temperature transientsfission caused by delayed neutrons and decay of
expected in nuclear reactors. The typicalfission products keeps continue, which increases
parametric values of high pressure and highthe temperature of fuel. For the design &
temperature are of the order of 90 kgfamd  development of nuclear reactor safety and safety
285°C respectively whereas the power related systems, these profiles are simulated in
requirement is in MW per simulated fuel high pressure, high temperature and high power
channel. The paper presents the safetyexperimental test facilities simulating the
aspects/practices to be followed during thenuclear reactor operating conditions. Generated
operation of these experimental facilities. Thedatabase of important process parameters under
paper also highlights the procedure for all sort of operational transients & off-
installation of such facilities, quality assurance conditions, etc. gets compared with predictions
and technical audit, vetting by three level safetyobtained from computer codes and thus
committees, training & requisite operator validates ever-evolving and advanced software.
gualification, maintenance practices, provision Regulated high powemDirect Current (DC)
of safety devices including periodical checkingsource is the preferred choice ov&lternating
of alarms and trips for ensuring overall Current (AC) source for feeding power to
operational safety. The practices for fire simulated fuel channels of the experimental
prevention including safety policies for facilities due to its several advantages. The DC
conducting in service inspection and annualpower source should have fast response time,
regulatory inspection of experimental facilities precise current stability, high controllability and
by experts is also presented. adequate reliability in order to generate the
required temperature & power profile which
Keywords: nuclear reactor, high pressure, high prevails during above mentioned conditions. The
temperature, high power, safety, experimentafacilities are provided with state of art
facility, temperature and power transients instrumentation & control for data acquisition.



The simulated fuel channels in these Il. INSTALLATION OF TEST FACILITY
experimental facilities is in the form of cluster  Certain guidelines related with overall safety
i.e. 19/37 rod cluster forPressurizedHeavy of the test facility & operating staff has been
Water Reactor (PHWR) type design else 54 rodformulated. These facilities follow a rigorous
cluster for Advanced Heavy Water Reactor safety review process. Following step-by-step
(AHWR) type design. The DC power beingprocedure has been adopted for installation of
dissipated across these fuel clusters is of thénigh pressure high temperature test facilities.
order of MW for simulating transients. As the
fuel is in the form of cluster having overall
electrical resistance in the order of mhence, == . .

feasibility and operation related issues.

the current requirement is in the order of kA to 2) Preparation of design & safety documents viz.

meet the power demand. That is why, high technical specifications, process, mechanical
current, high power DC power sources are used . pe ' P ' L
instrumentation, electrical and operation

in these experimental facilities for feeding power s includingSafetv Analvsis R "
to the fuel clusters under simulated conditions of anua's INciUding safety Ahalysis Repor
(SAR),Process &InstrumentationDiagram

nuclear reactors. Several high pressure, high > ;
temperature and high power experimental (ggIPD ), check':lhst,s?fedOpzr?tlng Iirocedure
facilities have been designed, constructed ( ) as per the stan ard format.

'3) Proposal for safety review is to be put up to

erected, commissioned & are in operation at . !
Engg. Hall No.7 of BARC, Trombay complex. Local Safety Co_mmﬂtee (LSC) along with
approved design & safety documents

At present these facilities have been utilized for . ludi lity A A "
conducting real time experiments for studying4 'ng mg_Qual)f[ s:;,utrance_ @ )fr;apc:rf. it
thermal hydraulic phenomenon, evaluation of )Ph sigglrr:/ees;iﬁ(lzjatis;eger\Lljli‘Iethtgtu:Sise':gl Lg
design margin, high temperature material car);ied out along Witrf operation stafa‘
compatibility, thermal ageing behaviour, passwes) Recommendations of LSC are forwarded to

safety system, operability of typical reactor . .
system & various safety studies relevant to Unit Level S_afety Comr_nl_ttee (ULSC). for
further review providing operational

nuclear power reactors viz. PHWR, AHWR, clearance to the test facility with intimation

BWR, PWR,Super Critical Water Reactor : "
(SCWR), CompacHigh TemperatureReactor to BAR.C S_afe_tyCouncn (BSC.:) authorities. .
6) Commissioning and operation of test facility

(CHTR),Molten Salt BreederReactor (MSBR). is to be carried out by authorized operation

Experimental facilities has been categorized  staff following approved checklist & SOP.
as 'A', 'B' & 'C' based on parameter values of7) Experimental test results to be submitted to
pressure & temperature and type of process LSC & ULSC for review.
fluid and is given below.

1) Proposal for the test facility is to be discussed
in Operation Review Committee (ORC) for

_ _ Necessary clearances are also required from
1) Category A: High pressure and/or high structural experts to ensure adequate floor

temperature fluid or high hazardous fluid.  loading or any civil construction. In case of
2) Category B:Gaseous fluid of pressure above additional fire load due to use of novel material
10 Kg/cri and low temperature. or liquid in the facility, due experts are being

3) Category C:General fluids below 15 Kg/ém called for detailed assessment.

and low temperature. : : .
P For any change in either set point/s or

Typical specifications of high pressure high breaking of pressure boundary or addition/
temperature exp. facilities are given in Table .  deletion of any equipment/system is to be carried

TABLE: | SPECIFICATIONS OF EXP. FACILITIES Out throughEngineeringChangeNotice (ECN)
which is to be reviewed & cleared by

Operating | Primary Systen } 90 kg/cn?

Pressure | Secondary System} (Max LSC/ULSC.

Operating | Primary System }286 Besides, without any prior intimation,
Temperaturg Secondary System} (Max) Chairman and/or members of safety committee
Process Flui(| DM Water/ Lead Bismutt may visit the facility areas for monitoring the

Molten Nitrate Salt/ CQ working procedures and safety aspects. Any

Heat Source{ Pump, Heaters, Electrically deficiencies/lack of safety procedures observed

heated Simulated Fuel Channels is to be communicated immediately to the

Categon | 'A'/'B'/'C' appropriate authorities for ensuring safety.




[ll. ORGANIZATION STRUCTURE FOR The experimental facilities have been
CONDUCTING EXPERIMENTATION provided with adequate I&C which generates
Proposal for conducting experiments is to besafety related alarms & automatic trips at pre-

put up to facilityloop coordinator by defined set points for failsafe 24x7 operation
experimenter. Subsequently safety clearance iw&ith minimum operator dependence. The
to be obtained from safety committees.facilities also have ultimate safety trip which
Recommendations of the safety committees is tactuate during emergency condition for safe
be incorporated in facility/loop by experimenter shut down of the facility. A centralized control
with support of facility/loop coordinator. Based room is designed where all the control signals of
on safety clearance, Head, Experimentalexperimental facilities have been brought and
Facilities Section forwards test matrix to interfaced withProgrammablelogic Controller
operation staff through operation In-charge. (PLC) & Supervisory Control And Data
Facility operates as per procedure, generatesAcquisition (SCADA) System for display, control
experimental data & hand over to experimenter.and recording. Redundant hard wire trips are
Organization  structure  for  conducting also provided in case of failure of PLC/SCADA.

experiments is shown in Fig.1. 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,
EFIG.1: ORGANIZING STRUCTURE FOR immediate switching off the heating sources is
CONDUCTING EXPERIMENTS desired.

IV. SAFETY REVIEW PROCESS V. QUALITY ASSURANCE, TECHNICAL

During safety review process, the following AUDIT, MAINTENANCE PRACTICES,
parameters are mainly considered & reviewed TRAINING & AUTHORIZATION

by the safety committees. Th lit duri

1) High pressure flange joints including type of ? ct1ua_1| Y ?stiurance_ progt;amrtne u?nt%
gasket material and protecting flange guard o ip S b o M tion activties is

2) Various weld joints in the facility, welding to be strictly implemented by the facility

procedure & welder qualification ; : ) .
3) Adequacy of pressure relieving devices i.ecoordlnator in consultation with LSC & ULSC

ReliefValves (RV) &RuptureDisc (RD) following various safety codes/standards. The

4) Ventilation/exhaust system requirements g:rnggagua:uv?l::hof[rfgehfealmlg éit?les’; giegr:0a23
5) Loop piping supports & flexibility analysis b J P

6) Selection of material for construction of the aL.Jd't report is to be submitted to safety
facility and its qualification criteria committees for review. All the recommendations

: ; ; ted by LSC/ULSC in this regard are to be
7) Adequacy of thermal insulation for high Sugges o ;
temperature pipelines, joints, valves, etc. followed through facility coordinator.
8) Appropriate fire/smoke/heat detectors &  For carrying out modification work, etc. in

functioning of fire alarm system the facility, the appropriate work order & work
9) Type of heating & high current power supply permit is to be issued to concerned maintenance
design including bus duct layout (mechanical/electrical/instrumentation)  group

10) Test facilities utilizing radioactive material, by the operation staff. After satisfactory
its shielding details & need oRadiation completion of the work, operation staff
SafetyOfficer (RSO) meticulously checks the components/system of

11) Adequaténstrumentation &ontrol (1&C) the facility, check their operation and then

12) Operator safety during emergency situation clears the work order. The operation staff also



makes a suitable noting in concern log bookThe facility coordinator has to ensure that such
indicating date & time of completion of type of unusual events shall not repeat in future.
maintenance work. Besides, trip & alarm check )

is performed during commissioning as well as At the time of occurrence of these unusual

prior to operation of facility which is shut down €vents, the operator who might be around the
for more than six months. facility has to protected by the use Rérsonal

ProtectiveEquipment (PPE) like wearing steam
All operators including supervisors has to Suit, goggles, helmet, ear muff, safety shoes,
undergo a formal training programme in which hand gloves, etc. These PPE's should be of
they need to undergo the theoretical classroonfeputed make and tested for their duties.
training followed by on-the-job training

including walkthrough exercise & clearance of alarm system is to be provided in the required

checklist. Written examination follows by viva locations of experimental test facilities. Fig.2

voce has to be conducted for evaluating the h the phot hs of hiah hiah
performance of entire operation staff. Besides.> 'OWS € photograpns of nigh pressure nig

L ; : .~ ‘temperature and high power experimental
eriodically i.e. once in two years, the operation_~ . .
Etaff shouI)é undergo requali%gcation testsr? facilities operating at Engg. Hall No.7 of BARC.

Besides, adequate fire extinguishers and fire

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 g 2: HIGH PRESSURE HIGH TEMPERATURE

for several years on regular basis are mainly 1 ,cGH POWER EXPERIMENTAL EACILITIES
subjected to ISNon DestructiveTesting (NDT)

is to be conducted for most critical equipment, /|| SAFETY PRACTICES FOR FIRE
components, structure, etc. ISI procedure is OpREVENTION IN HIGH PRESSURE HIGH
be executed as per well defined codes. TEMPERATUTE TEST FACILITIES

Regulatory Inspection (RI) of experimental 1) US(_e minimum p_ossible combustible m_e_lt_erial
facilities by expert group is mandatory once in a during construction of experimental facilities.
year to review the operational safety aspects i.e2) Confine the hazardous operation i.e. use
history of the facility. The log book entries and ~enclosure cabins for Liquid Metals test
the operational experience get checked by facility, Molten Salts test facility, etc.
carrying out the physical inspection of the 3) Use co_mpatlble materlals for W_orkmg_ fluid of
equipment/systems of the experimental facility. the facility to provide structural integrity.

The RI recommendations have to be strictly#) Use FRLS/XLPE cables instead of PVC

complied at the earliest. cables.
5) Segregate power cable & control cables and
During the operation of the facilities, lay them in separate trays.

occurrence of unusual events like steam leakag) Design the ventilation system as per the heat
from the flange joint, actuation of relief valve load of the test facility to prevent temperature
due to over pressure, failure of class IV power rise of the surrounding during operation.
supply, etc. might happen. The operator action/) Provide adequate thermal insulation over the
immediately after the event is very much vital to high temperature surfaces of the facility.
ensure safety of the facility including reporting 8) Tighten the bus bar nut-bolts periodically to
of unusual event. In view of this, these events are avoid overheating due to increase in contact
to be thoroughly investigated by the safety resistance.

committees & the experts. The recommendation8) Provide fire fighting training to the operators.
suggested are to be immediately implemented iA0) Keep oil filled transformers in open area/
the facility before further operation of facility. ~ outdoor to reduce fire load near the facility.



11) Provide standing fire orders to take actions bus bars without joint. The periodical
in case of fire by designated people of the checking of the joint resistance is essential in
facilities. Display of emergency contact nos. case of such high current bus bar systems.

12) Provide Fire Alarm (FA) detection and 4) The appropriate cooling/ventilation system is
Public Address (PA) system & carry out to be provided for the high current power

periodical testing. source for cooling its power components
13) Carry out detailed fire audit of the test  which carries the high current.
facilities under operation. 5) The leakage current flowing through the

14) Provide emergency exit for the test facilities.  piping's, support structure, etc. is to be
15) Maintain good housekeeping to avoid dust limited to very low values and it should be

accumulation over electrical equipments. limited up to 5 mA maximum.
16) Provide sufficient fire extinguishers at 6) As output voltage is low across fuel cluster,
appropriate locations. safety due to voltage is of less concern.

17) Provide water hydrant system in emergency.7) The proper protection devices at the incoming

18) Keep appropriate PPE in plant area in case AC side and output DC side should be
of fire emergency. provided for the power source such that if the

19) Use Fire Retardant & Heat Resistant full  set output current exceeds the set limit due to
body suit while working inside enclosure any reason, the alarm and subsequent trip
cabin of Molten Salt/LBE facilities in case of  has been provided maintaining the safety of
an emergency. the equipment.

20) Provide ELCB/MCB for the electrical 8) During short circuiting situation, the proper
equipment to prevent fire due to short circuit.  protective switchgears provided in electrical

21) Do not block path towards electrical panels system will isolate the fault as fast as
as it may be required to put off in case of fire.  possible.

VIIL. SAFETY DURING FEEDING HIGH 9) The overall safety of the experimental facility

is maintained as required.
POWER TO EXPERIMENTAL FACILITY 10) The operators have been given proper
Following points are to be ensured during

feeding of high power for experimental facilities training to operate the faciliies in a safe
9 gnp P " manner by following the check lists, etc.

1) Provision of electrical isolation: The power
should be applied across the end terminals of IX. CONCLUSION
the fuel cluster. Hence, the end connections The failsafe operation of high pressure high
of fuel cluster with rest of the piping's should temperature and high power experimental
be electrically isolated with the help of facilities is an important task and highly
electrical insulating material such that the responsible work considering the overall safety
electrical current shall be confined within the of operating staff and facility equipment/
fuel cluster. As appropriate monitoring of the systems. The proper guidelines/safety practices
on-line health of electrical insulation shall be mentioned in various safety documents/manuals/
done and the trip is also provided in case thestandard codes need to be followed strictly to
health of the insulation gets deteriorated. ensure healthy operation to avoid any type of

2) Provision of electrical earthing for rest of the unsafe/unusual occurrences in the test facility.
piping's including the support structure: The Operator training, walkthrough exercise cum
earthing is to be done minimum at two placesauthorization has to be conducted periodically
using bare copper earth strip (size: 50 mmx6to meet safety standards/norms. RI of facilities
mm) so that the earth resistance shall be aneeds to be conducted once in a year and
low as possible, preferably less than 0.5 recommendations should be implemented before
This arrangement is to be done to ensure theommencement of further experimentation. ISl
personal & equipment safety. should be performed after every 4/5 years of

3) The cable joints if any and the bus bar jointscontinuous operation to find out the ageing
carrying high currents are to be properly related observations. Any kind of unusual events
made by following suitable bus bar jointing occurred during operation of facility should be
procedure as per relevant standard. The buseported to safety committees and corrective
bar joint shall be such that the electrical measures has to be carried out effectively so that
resistance of the joint shall not exceed moresuch type of events should not repeat in future.
than 20% of the resistance of the identical Operator safety is to be given prime importance.



Experience in Installation, Commissioning & Mairdece of
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ECIL Post, Hyderabad-62.
Ph: 040-2718 3146 / 2718 3252

A Fire Detection & Alarm System is designed
to sense smoke, excessive heat or fire and prande
alert for a particular area of the building/plac@he

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

type of fire alarm system needed depends on thee typ detection & alarm system at NFC is to safe

of storage / building, location and the layout bkt
structure. The fire detection & alarm systems are
important devices to keep personnel and propetfy. sa
Proper installation of fire alarm systems is imgort

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 conple
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 i
the main fire alarm panel located in the centrahtol
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 oftedl
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 nibet
fire safety requirements. Also possibility of intg
video based surveillance systems to the existing Fi
Alarm System in future.

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:

Detecting a fire at an early stage
Alerting and evacuating occupants
Notifying the relevant personnel
Activating auxiliary functions e.g.: smoke
controls, lift homing etc

Identifying and guiding fire fighters
Activating the fire extinguishers

PoDdPRE
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Components of fire alarm systems:

Fire Detectors (Smoke/Heat/Flame)
Fire Alarm Control Panel

Hooters / Sounders

Manual Call Points

Charger / Battery

Signal Cables

ogar®NE



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 identifioatio
of fire alarm status by zone. Fire detectors inmica
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 alarmidev
location. In this type of system, the FAS panel
indicates the building floor, fire zone or otheear
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 degic
are activated and the corresponding indicator is
illuminated on the FAS control panel. This signal

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.

gives the concerned agencies a better idea of where

the problem is located.

2. Addressable Fire Alarm System:

Addressable fire alarm systems display the
location of each initiating devices on the FAS coht
panel. This system enables the concerned ageuncies t
pinpoint the specifidevice that has been activated.

Addressable system reduces the amount of time that

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 detectorstwo basic methods of smoke
detection are in use, Photo electric type and
lonization type.

Flame detectordA flame detector is sometimes
called a light detector. There are three basicgyye
flame detectors: UV flame detectors, IR flame
detectors & Combination of UV&IR flame detectors.

Multi Sensors Type detectorhese types of
sensors used for detecting smoke & heat. These
combinations give the detector the benefit of both
services and increase their responsiveness taréhe f
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 kie
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 eHat
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 kindéref

Type of Detector Application

Heat Detectors Near heat producir

(Fixed & Rate of equipments  such

Rise) Electrical installation
Boiler Houses

Smoke Detector Residential buildings,,

(lonization Type) Offices, compute

rooms, control rooms,
suitable for detection

of rapidly burning
fires.
Smoke Detector Residential buildings,,
(Optical Type) Offices, compute

rooms, control roomsg,
hospitals, suitable fg

=

clean burning fires.

Multi Sensor Control Rooms
(Smoke/Heat) Offices, Furnaces,
Detectors storage area
Beam Type Smoke | For covering large
Detector areas with high ceiling
levels & Combustible
Oil storage sheds,
warehouses etc
Infrared (IR) Flame | Air ducts, OIl/lLPG
Detectors fires, suitable for

outside applications
Metal fires (Zr, Mg
etc)

Oil/LPG/Metal fires

Ultraviolet (UV)
Flame Detectors

Dual Detector
(IR&UV) Flame
Detector

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.

(i) The protected area should be divided into
zones, each zone covering only one storey of
the buildings etc.

(i) 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: Detetto

CMM: Contact Monitoring Module, IM: Interface Modal
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 drgas
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
safety

recommendations to meet the fire

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.



Also, new fire detectors are being
Problems _being faced with the existing Fire  installed in new plants (expansions) / areas on
Alarm System: continuos basis as per AERB/SED

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 Dbetter
performance, cable damages have to be eliminated /
minimized.

recommendations
protection to enhance fire related safety in
NFC.

to give optimum fire

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
Systems, so that the fire related safety is

Fire Detection & Alarm

greatly improved.

2. False Fire Alarms:

alarm causes disruption to the normal
operation of production and create a drain to itee f
services. There are sevefattors 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/ maintenarice
the system without proper disablement, cable
damages due to civil construction activities etc. 1

Hence, proper care is being taken to minimise

the false alarm occurrences by following measures: 5

Proper selection of suitable detectors g5
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 a
fire, a continuous effort is being made to revidwe t
existing systems and installing suitable fire dietec
depending on existing / changing fire load.

existing  Fire
technological
detection system more effective and advanced.

Future challenges for up gradation of
Alarm  Systems  with
changes to make the fire

Also, video surveillance system for
critical areas can be integrated with the
existing graphics display of Main Fire Alarm
System.

REFERENCES:

Standard for fire protection systems
(AERB/S/IPSD-I — Rev.1, as on Jan 18,
2008).
Document  No.
Fire 05-V3.0

IS :2189:1999; BS : 5839 : Part-1:
1988; NFPA-72 : 2002 etc.
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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 40D 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. Madification 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 200
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 s
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.

(o3

. Stress relieving of the components. As the
temperature at which autoclaving is carried
out is 408C, 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 1l

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 Il

Introduction to the issue faced:

The autoclave unit is having two pressure
safety relief valve (SRV) each with atse

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 44

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
400°C and gasket melting point is only 260
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
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.

Higher diameter outlet nozzles

connecting to SRVs for safe operation.

5) Automatic control of entire process
with least manual intervention.

4)

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.

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.
Thein hand experience from operation of the
autoclave units have further fatated us to
plan & implement a reliable and robust
equipment for miles to go in a safer manner.
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EFFECTIVE MANAGEMENT OF OPERATIONAL EXPERIENCE
TOWARDS ENHANCED INDUSTRIAL SAFETY
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ABOUT TARAPUR ATOMIC POWER STATION -3 & 4

The Tarapur Maharashtra Site (TMS) houses two 540 MWe Pressurized Heavy WatersReARS-

3&4) and two 160 MWe Boiling Water Reactor (TAPS-1&2). Tarapur Atomic PadStation-3&4

(TAPS- LV ,QGLDYV ILUVW DQG RQO\ ; 0:H HXSFRG@ DVKBRZHWW3 G E
of India on the shores of Arabian Sea at Tarapur, Palghar District, Maharashdra/tatlready stated,

TAPS-3&4 is the first twin unit module in India of 540 MWe capacity each. These asuized Heavy

Water Reactor (PHWR) type which are indigenously designed and developed.

The construction of these units commenced with first-pour-of-concrete on March 8taldd0called the
zero date in construction of nuclear power plants.

Criticality of the first unit (TAPS-4) has been achieved withinearg from the zero date, setting a new
benchmark in construction of nuclear power projects. TAPS-4 (the firstwasttommissioned around 8
months ahead of schedule, at a cost much lower than the original estimate, by tsar Raver
Corporation of India.

ABSTRACT- NPCIL has the CORE values (Safety, Ethics, Excellence and Care) of the company in
ZKLFK RXW Rl IRXU ILUVW SULRULW\ KDV EHHQ JLYHY D®WRHVDIH)
Organization of TARAPUR ATOMIC POWER STATION -3&4 has developed Integrated Management
System policy and committad RZDUGV 3V DIHW\slITAPS3E4 iDthe [Dded naldaf pover

reactor operating in the country, under PHWR category.

Keywords

Tarapur Maharashtra Site
Document Registration System
Sectional Level Safety Committee

Voice of Victim

INTRODUCTION-
36 DIHW)\ 3lwayy Mmained the motto ®APS-3&4 Operating experience feedback mechanism is

working as pillar in safe operation of plant. Along with software based systeany 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 sekkat] IS&F briefs
about this in daily station meeting to station management and all the section Adadgs 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 a@ugaindustries including
NPPs (Indian and Abroad) ESPR is having detail information of accidetiike Date and Time, Area

and Location, Description of accident, Root cause and contributory cause, Lesson learnt and
recommendations etc.

TAPS3&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 orgarsziikimmNPPs

(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 apiplitalstation. As

per the review, documeistallotted to the concern agency / section to present the information of selected
document in station OERC / sectional OERC.

3.  SLS(Q%ectional Level Safety Commitjddeetings

ESPRs are discussed in all Sectional Level Safety Committee meetings. SLSE tut@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. PEPTALK/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, BHA and
relevant experience i any, are discussed. It is most important and effective tool to inculcate safety
awareness. This ensures implementation of safety measures and safe work pralgagstd 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 aditilied Voice of
Victim is most famous activity. In which Near Miss Accidents (NMA) mgbdhiroughout year a&r
discussed. The person, who has reported the NMA, explains the whole scenaria.dfikédvt How he
got trapped? How he escaped? Etc. Detail discussion is carried out among participants aboatiseot
of NMA and recommendations of analysis report (by IS&F section) and corrective actionn{®yred
agency)

Another Major activity to share operating experience is workshop on séfetworker by worker, in this
workshop person already involved in a job explains the safety hazards and precautioth&o aither
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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, pattess,on safety
related topics.

All the safety related documents like check sheets, safety procedures, safetiNfdrferms, AERB
factory rules and guides, NMA Reports are available on sectional web page of Local Area Network (LAN)
and easily accessible to all empées.

ACHIEVEMENTS-

Station has achieved much recognition due to its commitment towards best performangh Saddty
standards+

1)

2)

3)

4)

5)
6)
7
8)

TAPS3&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.

National Safety Council- Maharashtra Chapter- Maharashtra Safety Award Competition-2014,
Scheme-l Lowest Average Accident Frequency Rate and Scheme-ll Longest Accident Free
Period.

Winner of Best Safety practice award-2015 conferred by and Directorate Industrial Safety &
Health, Government of Maharashtra in Power Generation Group

National Safety Council- Maharashtrachapter - MAHARASHTRA SAFETY AWARD
COMPETETION-2015Scheme-l Lowest average Accident Frequency Rate and Scheme-ll
Lowest accident Free Period.

Shreshtha Suraksha Puraskar (Silver Trophy) From National Safety Council for the Year 2015.
Shreshtha Suraksha Puraskar (Silver Trophy) From National Safety Council for the Year 2016.
Suraksha Puraskar (Bronze Trophy) From National Safety Council for the Year 2017.

BUREAU VERITAS Certification Holding SASUK branch certifies the TARAPUR ATOMIC
POWER STATION-3&4 organization with- 1SO +9001: 2015 and ISO+ 14001: 2015
Quality Management and Environment Management & B®HSAS 18001 : 2007
Occupational Health and Safety Management.

CONCLUSIONS-

Comprehensive mechanism of operating experience sharing has increased the safety cUARS-at
3&4 and because of this TAPS-3&4 is able to achieve Longest Accident free days as 34&dddays
longest fire free days as: 5249

APPENDICIES

Appendiciestl Screen shot of OERC DRS.
Appendiciesz2 ESPREXPERENCE SHARING PROGRAMME)
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Industrial Hygiene Surveillance for Health & Safety of Industrial Workers
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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. Witmeticulousindustrial
hygiene surveillance programme in an
organization, these occupationalhazards canbe
minimized.

Keywordstndustrial Hygiene, occupational

noise, illumination, airborne.

INTRODUCTION:

Monitoring physical and chemical hazards at
occupational area is necessary to ensure
ZRUNHUYV K HeDsDrd/ thatDh@ @orkirg
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
DQG JLUFRQLXP VWUXFWXUHYV
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
FKHPLFDOV 7 KidferHto 7dithfrvie
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

IRU FRXQWU\JV QXFOHDU
X Acoustic enclosures for mechanical press

and swaging machine,
x Use of earplugs or earmuffs at areas of
noise level above 85dB(A),



X Audiometry for personal working in
locations where the noise levels are above
85 dB(A).

Figl gives the annual distribution of noise levels

for the past four years.

FIG1: ANNUAL DISTRIBUTION OF NOISE
LEVELS

lllumination Survey

lllumination measurements in 2000 locations
are done periodically with the help afd meter.
For plants having continuous operations
illumination is monitored in night times.

Chemical Safety Surveillance

Airborne pollutants such as NONHs, Cl,, HCI,
spm are monitored at 20 locations in different
plants as shown in Tablel. 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.

100.0 -
€ m 2015 Year| 2015 | 2016 | 2017 | 2018
£ 100 - 'ggig NG, 286 | 285 |261 |274
s =018 NH; 145 157 127 148
w 1.0 1 Cl, 61 50 78 60
) HCI 64 64 92 70
8 0.1 4 TABLE-2: NUMBER OF SAMPLES ANALYSED
[
3 00-
8.) <85 8590 9095 95100 100105

Noise Levels in dB(A) 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 re\ezil
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 NQ, NH;, Cl, and HCI levelsin the last
four years respectively. It is evident from these
figures that most of these pollutants are very

Process Section Pollutant PXFK EHORZ WKHLU UHVSHFWLYH 7/
Chlorination Cl,
Incineration HCI 1000 1005
Zirconium Reduction HCI 98 §
e - 26
Metal _ Prgmpltatlon NH; 8100 - o4 g
Production Grinding Spm 9] 92 wz
Solvent Extraction| NG, o 002
Dissolution NO; - 10 - g8 =
Uranium di- Precipitation NH; 86 g
oxide Dissolution NG, 1- 84 3
Production Pickling NGO, A R QO O
- . — AN S NN NN
Zirconium Pickling NO, T TN %\L 5
Structures Dejacketing NG, Percentage of v
Fabrication Grit Blasting Spm w== Frequency—#—Cumaltive Frequency (%




FIG2: DISTRIBUTION OF NQ LEVELS
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FIG3: DISTRIBUTION OF AMMONIA LEVELS
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FIG4: DISTRIBUTION OF CHLORINELEVELS
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FIG5: DISTRIBUTION OF HCI 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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