
6 Nos. of recorders� #<����?��#_ {{���[� ���<�
`���{�]��@�#���[��<��{��������#�#<����?��
[�]�[�[�[_� ��@�[�� ����[�� �@�������@��
�_�������#� �\� ��]��[��#� \��� `
�� {�]��@�#�
#<����?��[�]� [�[�[_� ��@�[�� ����[�
��@�������@���
$���_������_#�{���������[�#{��|�{��\����[+��

}�{_����@���� � � � �� �_��|�]��\�@_��?����_�������@���
$���@�����?��+�_��=��#���$��{_�+�

��]��[��@����<�[�� � � ��� 	�����_�_#����<�[�\\������]���_����
� � � � � � \������]<�]<������
��#{��|�]���_��� � � ��� ����]��?���\�������	���_�#���
`���@��{<�\�]����|�� � � ��� ���?��{��=�[�[�
��@�������[�]������� � � ��� ���?��{��=�[�[�
�]]_��]|� � � � ��� §~������ �\������[��@�\����	����
� � � � � � }�{_����[�������@�\����	~������{_��
���@�����?����|�� � � ��� ��������|�?���[��
����������@���� � � ��� <��[�[�#�~����#<������|�
�����������=���� � � �� 	��{�]�����`�\��#<������|�]��[��
� � � � � � ��[�!�`�{�������<����`�!�`�[��=���
�]���������� � � �� ¦����� second \�����[�=�[_���]<��������

Selection of scan time for individual 
channel is required.

�������_{{�|�� � � �� ������	����<�#��!���
��?��������{����_���� � �� �������@���#��
��_����@�� � � � �� ������{�������_���[�����<������

�_#��{���\�}�����
�{{��]������#�\������ �� ��#�����?��{��=�[�[��
}�������������|� � � �� �����`���������
�]������ � � � �� ¥�����«�]���_���	������
��#��_��������� � � � �� ¥����������������#�
�|{���\����#{��|� � � �� �+������[#�

��+�`�������{<��������������������������������
���+��@�����[�#{��|~�=��_�#�

�=�������{���@�� � � �� �~�~�~��~��~��~����#�]��

�������]�������]����|�� � �� ��^_���[�

�����[�{�������]����]��=��|��{���� �� ��^_���[�
� � � � � �� ��]�##��|�#�\������#<����?���

#_{{���[�\���_{���[��@��<��[�����
  Communication     : Additional MODBUS/PROFIBUS ports 

connectivity between recorder and third 
party systems.

�
3.03.45������� DIGITAL INDICATOR
�

�|{�� � � � � �� Programmable electronic digital indicator��
���<�\������@�{�����[�]������

}�{_�� � � � � �� ���������	~������	~���~�~	��
�_�?����\���{_�#� � � �� 
���
���@�� � � �� �#�{�����^_�������~�[©_#��?���?|���[�_#����
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�<��_@<���|�{�[��=����?�������<����[�]������
�_�?����\�[�@��#� � � �� ��_��{�_#�#�@��
��@���<��@<�� � � � �� ������������@���
��#{��|� � � � �� ��_���#]������[�
}�{_���=������@�~�{���� � �� ����[�@��#����\��#<�
#��#���$�~	+�
}�{_��<��[������ � � �� ����#�]��[#������
�]]_��]|� � � � �� §���� ��\�#{���
������#_{{�|� � � � �� ������	�������
��_����@� � � � �� ��_#<�{������]��{���?���\����

��_����@������#��]�@��[�{�����
����� � � � � �� ���������

� � 
�<��������]_���� � � �� }�[�]�������]��=��@��<����]�_{����
#�@����#< ����<� =���_� �����]� ]��[�© _�]�����
]��{��#�������

�� ������#��##����
 _�{_��� ����� ��� #�����[�
��^_���[��

�� ������	���?_����{�����#_{{�|�
�� ������]����]��� ��<���� 
~�	�]����]�� $�����@�

��~�������	+�
�
3.03.46� RECEIVER INDICATORS (SINGLE/DUAL CHANNEL)
�

�|{�� � � � � �� �����@_����[�]������
}�{_����@���� � � � �� !��=��#�����{_��$�~	��������
� � � � � � ��������������@�+�
�]���� � �� ���@��\_��|�]��\�@_��?�����[�
������� � � � � � {��@�����?���
���#_��������]]_��]|� � �� §���� ��\�#{���§���]�_�����
��#��_����� � � � �� ���� ��{���
���[�?��[� � � � �� §���� ��\�#{����
��{����?����|�� � �� � �� ��� ��\�#{���
�_���#]������#{��#������� � �� ��##��<������$�+#�]��[#�
�������_{{�|�� � � �� ������	��������
	����]����� � � � �� ��_@�����|{��
�]]�##����#� � � � �� ��_����@�`��]����\���`��#�

�<��������]_���#� � � �� }�[�]�������]��=��@��<����]�_{���

��@����#< ����<� =���_� �����]� ]��[�© _�]�����
]��{��#�������

�� ������#��##����
 _�{_��� ����� ��� #�����[�
��^_���[��

3.03.47 Temperature Scanner
�
� �|{�� � � � �� ��]��{��]�##���?�#�[����]�����]���@������]�������

� � �����\�]<�����#� � �� ��~���$�#�{����<���{{��]�����+�
� � }�{_�� � � � �� ����~�<����]�_{��~��������
� � �]]_��]|� � � �� §������\����§���]�_���

�_�?����\�[�@��#�������� ������ ��[�@���$��#�@�����[�#{��|����<���@@��!���#+��
��@���<��@<���������������� ������ ������������@���
��#{��|�]������������������ ����� ��_���#]������[~@�����
��#{��|���[��\���
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}�{_���=������@�~�{������ ������ ����[�@��#����\��#<�
#��#���
��_����@����������������� �������� ��������_����@�

������[��{��� ����� �[©_#��?���?|�[�@�����]���?��������
�������]���_��]���������� ���� }#�����[������~����\�����[?_#���!��
]���_��]�������
�����|�	�{�]��|������������� ���������������`����#<� �

� �������_�{_�� � � �� ��^_���[��
	����]�������@�� � �� �������������	��

� � ������#_{{�|� � � �� �������	~������	�
���{�����#� � ������� ���� ��� ��|�]<������#<����?��]��\�@_��[�\���� �
� � � � � � �������@@��@��
� � � � � ���� 	<���������	<�������������}#����������
� � � � � � #<����?��{��=�[�[�
� � � � � ����� ������������	�}����\�]��\�������������
� � � � � � #<����?��{��=�[�[�

� � 
{����������[�#� � �� �_��~���_�����[����_����[�������\|���[����
	���?���������[������@������[����
�

3.03.48� AMMETERS (AMM)
�

}�{_�� � � � � �� ���������	�
��_����@� � � � �� ��_#<�{������]��{���?���\��� � �
� � � � � � ��_����@������#��]�@��[�{�����
��]�������#���#� � � �� ������������
�]���~�|{�� � � � �� ��=��@�]�����]��]_��������������

[�@�����<�#�������#�#_{{��##����#]����

�����[©_#������� � � �� �]�������������\�]��
�]]_��]|� � � � �� §���{��]����$]��##��+�
}�[�]������ � � � �� �����������<�#]����
��@����]��<���[� � � �� �<���[�[�	�#��

� � �_�������#� � � � �� ����������������#�������������
���<� �����@� ¥� ��� ��� ��[� ��<��� ]����]���
�{{��]�����������#~[��=�#���

�
3.03.49� �VOLTMETER��
�

}�{_�� � � � � �� �����������	�
��_����@� � � � �� ��_#<��������]��{���?���\���

���_����@������#��]�@��[�{�����
��]�������#���� � � �� ����������
���@��� � � � �� �#�{�����^_��������
�]]_��]|� � � � �� §�¦����� �
}�[�]������ � � � �� ��@������|{�����~��[�@���

� � ��@����]��<���[� � � �� �<���[�[�	�#��
	����]����� � � � �� ��_@�����|{��
�_�������#� � � � �� �����������	���{_��{�����#_{{�|��!����

{�����#_{{�|��������	��������@������=����@��
���������	��

�
3.03.50� FREQUENCY METER/MW METER (DIGITAL)
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�
�|{�� � � � �� ���]�����]�[�@��������#�@��������<��

\�_���#]����[�#{��|�
}�{_�� � � � � �� �����������	�
��_����@� � � � �� ��_#<�������]��{���?���\����

��_����@�
�� ��#��]�@��[�{�����
�_�?����\�[�@��#� � � �� ��~��[�@���
��]�������#���� � � �� ������������
��@���#���� � � � �� �{{���������|�������
���@��� � � � �� �#�{�����^_�������#�
�]]_��]|� � � � �� §��������
��#{��|� � � � �� ��[�����[�#{��|��
	����]����� � � � �� ��_@�����|{��
��@����]��<���[�� � � �� �<���[�[�	�#��

�
3.03.51 AC CURRENT TRANSDUCERS
�

}�{_�������������� �������������	��]_������

_�{_������������ ������_��������������<�������{�[��]��
��_����@������ �����`�]�������
�]]_��]|����������� �����§����� �

�
3.03.52 DC CURRENT TRANSDUCERS

�
}�{_�������������������������� ����������

_�{_����������������������� �_��������������<�������{�[��]��
��_����@������������������ `�]�������
�]]_��]|������������������� §����� �

�
3.03.53 AC VOLTAGE TRANSDUCERS

�
}�{_���������������������� ������������������#�

_�{_�������������������� �����������<�������{�[��]��
��_����@����������������� `�]�������
�]]_��]|������������� §����� �
�

3.03.54 DC VOLT TRANSDUCERS
�
}�{_���������������� ������|#���������@��

_�{_������������ ����������������<�������{�[��]��
��_����@������������ �����`�]�������
�]]_��]|������������� �����§����� �

3.03.55 TRANSDUCERS FOR POWER
�
}�{_������������������� 	������[����$��+�$����+�

_�{_���������������� �����������<�������{�[��]��
��_����@����������� `�]�������
�]]_��]|�������������� §����� �
�

3.03.56 TRANSDUCERS FOR FREQUENCY
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�
}�{_���������������������� �������������#�

_�{_������������������� �����������<�������{�[��]��
��_����@�������������� `�]�������
�]]_��]|������������� §����� �

�
3.03.57 TRANSDUCERS FOR POWER FACTOR 
�

}�{_��������������������� ���$����+�

_�{_������������������� �����������<�������{�[��]��
��_����@�������������� `�]�������
�]]_��]|��������������� §����� �
�

3.03.58 TRANSDUCERS FOR MVAR
�

}�{_��������������������������� 	�������$����~��+�

_�{_������������������������ �����������<�������{�[��]��
��_����@������������������ `�]�������
�]]_��]|��������������� §����� �

3.03.59� DIFFERENTIAL FREQUENCY TRANSDUCERS (FOR SYNCHRONIZATION)
�

}�{_������������������� ���������

_�{_������������������ �����������<�������{�[��]��
��_����@������������� `�]�������
�]]_��]|������������� §����� �
�

3.03.60� DIFFERENTIAL VOLT TRANSDUCERS (FOR SYNCHRONIZATION)
�
}�{_��������������������� ��|#����=����@��

_�{_������������������� �����������<�������{�[��]��
��_����@��������������� `�]�������
�]]_��]|���������������� §����� �
�

3.03.61�� PUSH BUTTONS (PB)/ ILPBs FOR � ON/OFF, OPEN/CLOSE, START/STOP
�
�|{����������������������� � � ��� ��������|~������_��#�[�
� � � � � � �_���?���\�����#��]�@��[��������
� � � � � � ������<����`���[���]���_��[������
�
	����]��	��\�@_�������� � �� ���
�§����	�
	����]����������� � � �� ���[����=�������|�
	����]�������@� � � �� �����~�������
}�#_������������@�� � � �� �����\��������_���?��������
��������#���[�����<�
���{������@�����
� �+� �����@�� � �� �������	�
� ?+� ����� � � �� �������$�{{����+�
�
	���_��
� � � � � �
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�~�����~
{���}��`��
�������� � � £�
��~���{~	��#��}��`��
��[� � � � ������@���[���_����@���������=��=���{������~���{�
������ � � � ��[������@���[��#��{{�[��=��=��]��#�[����~���{�
��@<��|������ � � ���?��������[�#]��{��]|����~���{�
��[�� � � � £�
��~���{~	��#���`���
�������� � � £�
�~�����~
{����`�

  Red     - ����@��]|����{�{_#<�?_����#����<���[�\��{�~�<��@�[��
� � � � � � ����#{��������|��]�]�=����

3.03.62  PUSH BUTTON FOR Control DESK: Momentary mosaic grid mounted
� � � � � � ���������#�����#��@����`����������

Colours for DESK RELEASE - Yellow, 
Desk Lamp test - Blue, Desk Ack - Green�

�
3.03.63� PUSH BUTTON FOR��� � �� ��������|�$������_��#�[+�#_���?���
� � SEQUENCE START/RELEASE� � \�����#��]�@��[����������
� � � � � � � � ���`�§�������
3.03.64� PUSH BUTTON FOR ANNUNCIATION
�
� � 	����]�#�
�
���������������� ���_�?������|{������������ � ��� �#�{�����^_��������
���������������� ��`������@�]�{�]��|������� � ��� ����{��������	����
� � � � � � � � �����{��������	�
� � � � � � � � ��\\������]���_�#�\����]]�{�~�]�������������#�����
� � � � � � � � ���|�����{���#��£�`�_����|#������#��£��������
� � � � � � � � ���_[����]����`��]���
�
3.03.65 BELT WEIGHING SYSTEM
3.03.65.1 General
� �<��� �]<���]���[�#� @����[�]� �#��_]������� \���_��#� \���?�� ��� ��@<���< �#� ?����

[�#]��?�[�_�[�� � ��]<���]���#� ]������<�� ]���� ��� �{����[�<�� ���� �������|�� �����
#{�]�\�]�����#�\����<��#����<�#�?����]�=���[�_�[������]���]���#{�]�\�]�������<��]��
������{����[�<�����

� �<��?�������@<��@�#|#����#<����<�=�� ��#����� ��]���]�������{����� ���?�� ��]���[� ���
���]���]����^_�{������������<����]���{�����#<������]�_[���
$�+���]���\�����������[�]������
$?+�}���@����[�\�����������[�]�����#�
$]+��|#�������������_�]�������
$[+���]���	���?�������\�]����|�
$�+���������~�\\�
�
�����<�#���?�=��[�#{��|�#<����?��?�]������	���|{�����<������]<���]����<��@<����}�
	[�`�����|�?�]��_{�$ ������_��#�?�]�_{+�#<����?�� {��=�[�[�\����<�����#_�������
#|#�����
�
$�+�{{��]����������������`_����������������[������������
$?+���=�������]����������=��#���������|��	���_��]������\���_���
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3.03.65.2 Load Sensing Cell
� $�+�|{�� ���������_@�~	��{��##�����|{��

� $?+��]��#_��������]����� ��������$}����+�

� (c)Load �

� $�+�����������[� `�[[������#{�]�\|������?_����\�����

� $��+����[����[� `�[[������#{�]�\|������?_����\�����

� $���+��#��_]��=�����[� `�[[������#{�]�\|������?_����\�����

� $[+�_{{�|������@�� �����	�

� $�+���#��@� ��#�#���]��?��[@��

� $\+���{���\\�]�����
������#{��� §~������� ~����

� $@+`�#�]���#�#���]�� ���_\�]�_��³#�����[��[�

� $<+����
\����[����#��#� ���@���

� $�+��_����@��|{�� ��_���[����
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3.03.66.01� Hydrogen Gas Hygrometer�
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Amplitude  : 100 mV to 20 V p-p (into open circuit) 
         50 mV to 10 V p-p ( into 50 ohms) 

Frequency accuracy : + 1 % 
Sine wave distortion : less than 0.5%  
Frequency stability : < 0.05% for 10 min. 

           < 0.1% for 1 hr. 
        < 0.5% for 24 hrs. 

Power   : 110V AC / 240V AC / 24V DC 
 

13. Dual Beam storage type Digital Oscilloscope  
 

Dual beam storage type oscilloscopes with color LCD display shall be 
supplied for the instrument shop. It shall incorporate latest state of art in 
design. Low watt dissipation and light weight shall be preferred. Simple direct 
reading controls arranged functionally shall be there in the front of the 
cabinet. Positive and negative triggering circuit selection shall be done easily 
by a selector switch. Auto range, auto set menu, automatic wave form 
measurement, shall be inbuilt features. Intensity/brightness shall be controlled 
from the front. Oscilloscope shall have a bandwidth from DC to 200 MHz 
(minimum). The oscilloscope shall have a minimum sensitivity of 2 mV/div. 

Time Base

Sweep rate  : 5 nano seconds/div. 

Raise time  : 3.5 nano seconds 
Accuracy  : + 5% or better 
Power supply  : 240V, 1 pH, 50 Hz 

Horizontal Amplifier
Input impedance : 1 M ohms (min.) 
Band width  : DC to 200 MHz 
Operating Station     : 8 x 10 cm, P31 phosphor operating station with 0.45  

cm/division 
Display modes : Coloured display with Nonstore, bistable,  

variable persistence, fast 
    bistable, Fast variable persistence 

Calibration  : Rectangular wave for calibration and probe  
  adjustment 

Accessories  : a.  One trolley with one lower rack is  
Envisaged for Carrying the OPERATING 
STATION from one point to other. 

   b. High voltage grade, probe with suitable 
screening etc. 

       Software & hardware for interfacing.  
14. Tachometer

 
Digital Tachometer with contact and optical measurement facility in single 
instrument shall be supplied.  Tachometer shall have measurement unit 
selection facility for rotational and linear velocity measurement and the same 
shall also be displayed.  This instrument shall be offered with contact and 
non-contact pickup tips.  
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Following requirements as a minimum shall be fulfilled: 
 
a) Range: 
 
 i) Optical mode  : 10 to 99,999 rpm 
 ii) Contact mode  : 10 to 20,000 rpm 
 iii) Linear mode  : 1 cm/sec. to 1000 m/min. 
 
b) Accuracy   : ±0.01% of indicated   

       reading for optical mode  
       & ±0.05% of indicated  
       reading for contact &   
       linear mode 

 
c) Display   : 5 digit LCD for   

       measurement+   
       Measuring unit 

 
d) Sampling rate   :  0.5/1.0 second 
e) Operational Mode  :  Sample 
   - Hold 
     - Lock 

 
f) Operating temp.  :  0-50°C range 
g) Power supply   :  Built in 9.0 volts Rechargeable  

battery 
h) Accessories    :  Carrying case 

        One set of spare battery with  
Chargers Tripod & adopter 

     : Contact adapter, surface-speed  
      wheel, convex and concave tips,  
      reflective tapes, battery carrying 

       case, etc. 
 

15. Soldering iron
 

Use & performance  : Electronic soldering iron specially engineered for long 
Lasting heavy duty and production line use fast heat up 
and quick recovery timing efficient heat transfer assure 
steady tip temperature and superior performance. All 
micro-electronics soldering application. Low current 
leakage and infinite heat insulation of element 
eliminates risk and damage to transistor integrated ckt 
and other electronic components and assure the safety 
of the operator. 

Wattage & Qty.  : 10 Watts - 1 
          25 Watts - 1 
          40 Watts - 1 
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Suitable pressure generating unit (external) shall be provided for 
higher pressures.  

--  Measurement, generation and indication of current and voltage (mV, V 
and mA) signals.  

--  Digital read-out of electrical as well as pressure signals.  
--  Selection facility for reading pressure in five engineering units. 
-  Generation of DC supply voltage to electronic transmitters. 
--  Over pressure protection  
The instrument shall have re-chargeable battery as power back-up and shall 
be complete with all accessories viz. Battery Charger etc  

 
  39. Portable Analogue & Digital Vibration Meter                
 

 This instrument shall measure vibration of machinery in terms of 
displacement, velocity and acceleration. Power supply shall be by self 
contained replaceable batteries.  
 
Displacement  Range :0 to 3000 microns peak to peak.  
Velocity range  : 0 to 3000 mm/sec. 
Acceleration range  : 0 to 100 g's.  
 
The instrument shall be furnished complete with vibration pick-up, straight 
probe. Carrying case and one meter cord for connecting pick-up to meter. 
Vibration Meter shall be of digital and analogue type separately. One extra 
cable of 10 meter long connecting the sensor & Electronic unit to take 
vibration measurements of vertical pumps to be supplied. 
 
Note: Analogue meter is used to find out any vibration due to electrical 
problem in the motor by measuring the transient vibration. 

40. VIBRATION/ SHOCK PULSE ANALYSER cum Data Collector cum Balancer 

Frequency Range : DC and 21 cpm (0.36 Hz) to 1,500,000 cpm  
                                     (25K Hz) 

Acceleration Input : 21 to 1,500,000 cpm 
     120 to 1,500,000 cpm 

Velocity Input  : 21 to 1,500,000 cpm 
    120 to 1,500,000 cpm 

Displacement Input : 21 to 1,500,000 cpm 
     1500 to 1,500,000 cpm 
     120 to 1,500,000 cpm 

Voltage Input  : 30 V DC (Aux. 2 I/P) 
     5 V DC (Aux. 1 I/P) 

Power   : 6 volt, 2.4 A hr rechargeable battery 
     Min. operating time - 6.5 hrs. 

Environment  : Operating temp. Range -18°C to 60°C 
     Relative Humidity : 0-95% non condensing 
     Splash: Resistant, sealed case 

Output : RS 232 C port with HART for communication to 
115,200 baud. 
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Accessories : As required with complete software. 
Application : Analyzing bearing condition, measuring          
  machine vibration & checking of rotational 

speed. 
Type of Measurement : Acceleration, Velocity, Displacement, Phase, FFT, 

CPB, HFD spectrum, Temperature, Thurst, Axial 
position etc. with auto ranging in RMS, peak to peak, 
bearing fault analysis feature, balancing kit for in situ 
dynamic balancing and required software for 1 plane, 
2 plane balancing, route generation and maintenance 
facility with off route data collection and analysis. 

 
Averaging Type :Linear, Exponential, Peak Hold 
 

  41. Decade Resistance Box 
 
This should be three nos. analog type decade resistance box with resistance 
range of 1 ohm to 1.2M ohm, ±1% accuracy, all resistors rated to 0.75W, and 
shall use stable metal film resistors with complete electrostatic screening. 
This shall be supplied with certificate traceable to National /International 
Standards. 
 
This shall be two nos. digital type decade resistance box with resistance 
range of 1 ohm to 1.2M ohm, ± 0.05% accuracy. 
 
One  no. digital type variable Decade resistance Box, shall be provided as an 
accurate resistance source for calibration of RTD elements and receiver 
devices. The range shall be 0-100 ohm with increments of 0.001 ohm. 
Accuracy shall be +/-0.05% or better. 
  

 42.     LAN/ Coaxial Cable Meter/ Tester

This portable unit is used to check the quality of cable and test and 
troubleshoot coaxial and twisted pair cable in Local Area Network (LAN) 
installations. It shall be powered by standard AA alkaline battery allowing 
minimum 8 hour of operation. The cable meter shall meet the following 
requirement as minimum. 
 
 (a) Display : Backlit LCD Display for observing   
    result in sheet dark environment   
    and emit audible tone to assist in   
    pass/fail indication. 
(b) Test Standard : IEEE-802 & EIA/TIA 568 
(c) Range  : For unshielded twisted pair    
    (UTP) - 6 to 600 m 
 
    For shielded twisted pair  (STP) - 6 to  
    600 m 
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CHAPTER-9

ERECTION HARDWARE

9.00.00 PROCESS CONNECTION AND PIPING   
   
9.00.01 General Requirements
 

This section covers the material requirement for instrument connection to process, 
instrument process, piping, tubing, supports, Instrumentation cables, control cables and 
power cables for connecting UPS, 24/48 V DC, unregulated power supply for cubicle 
illumination, compensating cables/Extension cables, transmitter racks and main 
accessories to be furnished under this specification and the requirements of installation 
and routing.  Impulse lines, fittings and other accessories required for the erection of 
complete Instrumentation and Control System supplied under various packages of this 
specification shall be supplied on “as required’ basis.  Bidder shall offer all necessary 
items for this section based on his experience on similar plants, plant layout diagrams, 
installation drawings and other applicable sections of this specification.  Based on the 
good engineering practices Bidder shall furnish installation drawings during the 
engineering of the system for Owner’s review and approval .The installation of the 
drawings shall be suitable for his installation of his range of instrumentation. 

 
The Bidder shall furnish and test all required erection hardware, which is necessary for 
proper installation and interconnection of the equipment/systems furnished by the Bidder 
and their integration with main equipment/systems as per the enclosed installation 
drawings and other applicable clause.  The Bidder shall furnish all hardware and 
accessories to ensure that the equipment/systems furnished form a complete and 
operational system meeting the intent and requirement of this specification. 

 
 All materials, furnished shall conform to the latest editions of America National Standard 

Code for Pressure piping, Power piping, ANSI B311.1, ANSI B16.11, ASME Boiler and 
Pressure Vessel Codes, IBR and other applicable ASME, ANSI and Indian Standards. 
Schedule numbers, sizes and dimensions of all carbon steel, stainless steel and alloy 
seamless steel pipe shall confirm to ANSI B.36.10 and of stainless steel pipe shall confirm 
to ANSI B 36.19 unless otherwise specified. 

 
All materials supplied under this section shall be suitable for intended service; process 
operating conditions and type of instruments used and shall fully conform to the 
requirements of this specification. 

 
The Bidder is responsible for the performance of the equipment furnished on system 
basis any shortfall in erection material observed during erection stage shall be 
compensated by the Bidder at no extra cost. (Installation drawings # 114-04-0000, 0100 
to 0113 shall also be referred by bidder). 

 
9.01.00 GUIDLINE FOR INSTALLATION AND ROUTING OF INSTRUMENT PIPING

9.01.01 General Requirements

The following general erection guidelines have been enumerated here to enable the 
Bidder to estimate the requirement of instrument piping in plant:- 
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i) All instrument piping shall be in accordance with good engineering practice. It 

shall be finalized during engineering stage. Instrument piping shall be complete 
with fittings, valves and other required accessories. 

 
ii) Instrument piping shall not be routed:- 

 
a) Across equipment removal areas 
b) Below mono-rails and cranes 
c) Above or below removable gratings 
d) Above or below cable trays. 

 
iii) Primary Impulse Piping System: 

 
a) The primary impulse piping system shall include the instrument piping and 

all required accessories from process tap off point (root valves onwards) 
up to the respective instruments.   From the same source, Tee off for 
instruments are not allowed. Separate tapping shall be provided for each 
instrument. The Bidder shall provide the necessary fittings and 
accessories along with impulse pipes for completeness and arrangements 
as per the finalized Instrument Installation Diagrams.  Special accessories 
such as reservoirs and other devices shall be installed   as required for 
flow primary element connection as required by the design of instruments, 
in accordance with the instructions of the instrument manufacturer. 

 
b) The Bidder shall prepare impulse pipe routing drawings. 

 
c) Impulse piping shall include a blow-down line and shut-off valve adequate 

for the duty requirements and for withstanding continuous design pressure 
and temperature of process medium.  For process pressure above 40 
Kg/Cm²g, double valves shall be used before connecting to the blow-down 
header (This arrangement shall be provided for installation for the new 
transmitter if the existing transmitter has the same arrangement.) 

 
d) To assure a constant static head the connections from low pressure steam 

and low pressure liquid filled lines should preferably slope downward 
continuously towards the instrument as the instrument is mounted below 
the source point.  If downward slope is not feasible or the instrument is 
mounted above the source point, the line should slope upward 
continuously and a “pigtail” installed at the instrument to assure a water 
seal for temperature protection.  Upward sloping liquid lines should be 
used only if the process pressure is sufficient to assure a head of liquid at 
the instrument.  Horizontal runs should have a slope of not less than 40 
mm per meter and must be adequately supported to maintain a constant 
slope.  Vacuum connections to the condenser should always slope 
upward to the instrument. 

 
e) Primary process piping for steam flow, liquid flow and manometric level 

measurement systems should preferably slope downward from the 
primary element connections to the instrument.  Primary piping for flue gas 
and air flow measurement systems should preferably slope upward from 
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the primary element connections to the instrument.  If these requirements 
cannot be met, special venting or drain provisions will be required.   
Horizontal runs must have a slope of not less than 40 millimeters per 
meter and must be adequately supported to maintain a constant slope. 

 
f) Primary process piping from the field which enters the instrument 

enclosure from the bottom shall extend into the enclosure approximately 
150 millimeters and be equipped with a socket weld to flare less tubing 
coupling of stainless steel.  This coupling shall be used to connect the field 
primary process line to the enclosure process line.  The field primary 
process line shall be anchored to the enclosure angle with U-bolts.  Holes 
for supporting U-bolts shall be field or drilled. 

 
g) All impulse piping shall be supported rigidly at an interval not exceeding 

1.5 meters so as to prevent excessive sag in piping.  Process piping shall 
not be used for supporting impulse piping. 

 
h) Impulse lines subject to severe sonic pulsations such as boiler feed pump 

discharge, shall be of sufficient length and of suitable configuration to 
scatter harmful sonic wave energy before it reaches the instrument. 

 
i) Impulse piping shall be installed to permit thermal expansion without 

placing excessive stress on the piping and without affecting the gradient of 
slope.  Long continuous straight runs of piping shall always be avoided.  If 
required, expansion loops shall be provided at least every 2.5 meters to 
break the continuity. 

 
j) All welded and screwed fittings shall conform to ANSI B16.11.  Threads of 

piping components shall be taper pipe thread in accordance with ANSI 
B2.1.  All threads shall be clean machine cut with all burrs and chips 
removed.  Lubricants shall be of dry filc type.  Any one of the following 
compounds may be used as a pipe thread sealer.  Bidder shall supply 
adequate amount of his preferred sealer for erection purpose. 

 
a) Permatex 
b) Molycote 
c) Neolube 
(Teflon tape shall not be used as a pipe thread sealer). 

 
9.01.02 Impulse Piping System

Impulse piping system consists of primary impulse pipes/tubes, valves, fittings, valve 
manifolds and other accessories between the source connection point (source shut-off 
valve onwards) and all instruments/devices.  Impulse pipe span for supporting clamp 
shall be 1.5 mtr. This will also include all piping and valves etc. required for instrument 
drain and vent connections.  The Bidder shall furnish and test all items required for 
completeness of this specification. 

 
9.01.03 AIR SUPPLY PIPING 
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The piping for air supply shall be as specified below (However the Bidder shall supply the 
materials as required basis to complete the system in all respect) 
 
i) Individual Supply Lines and Control Signal Lines:- 

 
Air lines shall be ¼ inch size, connected by brass/SS316 flare less tubing fittings.  
Copper/SS316 tubing shall be light drawn tampered tubing conforming to ATM 
B75  except copper tubing in tubing cables shall be annealed soft temper tubing 
conforming to ASTM B68 or B75.  Fittings on the branch line to facilitate 
connections to the individual supply line shall be cast brass screwed type. 

 
ii) Flexible Hoses:- 

 
Flexible hoses shall be ¼ inch SS flexible hose pipe and with Buna-N liner steel 
wire braid reinforcement complete with ¼ inch brass/SS316 fittings and shall have 
swivel male pipe threads.  Each hose shall be done meter in length. 

 
  iii) Pipe Material Specification:- 
  

The piping material shall be carbon steel hot-dipped galvanized inside and 
outside as per IS-1239 or the equivalent of these standard heavy quality with 
screwed ends.  The piping threads shall be as per ASA B.2.1. 

 
  iv) Isolating Valves:- 
 

Gate valves as per ASTM B62 inside screw rising stem screwed female ends as 
per ASA B.2.1 valve bonnet shall be union type and trim shall be stainless steel 
body rating 150 pounds ASA.  Valves sizes shall be ½ inch to 2 inch. 

 
v) Fittings:- 

 
Forged cast steel A234 Gr. WPM galvanized inside and outside; screwed as per 
ASA B2.1 dimensions as per ASA B16.11, rating 2000 pounds, elbows and soft 
seats.  The size of the fittings shall be ½ inch through 2 inch. 

 
  vi) Air Filter Regulator Set:- 
 

An instrument Air Filter Regulator Set with mounting assembles shall be provided 
for each pneumatic device requiring air supply.   

 
vii) Instrument Air Piping System:- 

 
a) Instrument Air shall be made available by the bidder at 3.5 to 7.0 Kg/cm² 

pressure.  The instrument air may be arranged as under:- 
 

11. For the control valves and power cylinders in owner’s scope but 
controlled by bidder’s control system, the instrument air 
requirement for E/P converter shall be tapped from the nearby 
instrument air header laid by bidder / already laid existing piping 
with accessories available near the control valves or damper.
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Complete hardware required for interfacing with Owner system 
shall be in bidder scope. 

 
b) Air supply piping shall be installed at site always with a slope of over 1/100 

to prevent accumulation of condensed water within the pipe. 
 

c) All joints in the instrument air sub-header shall be of screwed type. 
 
d) Instrument air line shall be separate for each individual instrument, 

equipment & drive with own isolation valve and other required hardware. 
Tee off of instrument line for two or more same/similar services 
instrument, equipment & drive are not acceptable.  

 
e) Instrument air flushing/purging lines shall be provided for Bowl Mill DP, 

secondary air flow measurement instrument and other all flue gas services 
instruments etc.  

 
viii) Signal / Control Air Tubing System:- 

 
Necessary tubes with fittings and accessories for output signal  from pneumatic 
instruments mounted in the field and control signals to final control elements shall 
be covered under this tubing system. 

 
9.02.00 SPECIFICATION FOR ERECTION HARDWARE
 

The erection hardware shall meet the following specifications:- 
 
   Item      Specification
 
9.02.01 Impulse Piping

i)   High pressure and high Seamless Alloy Steel 
 temperature services    piping to ASTM A335 

  (Medium: Steam & Water GR.P91/22 (schedule XXS/160 
  and furnace region) for high pressure & 
   high temperature) 
 
 ii)  Low pressure and low Seamless carbon steel 
  temperature services piping to STM A106, Gr.C 
  (Medium: Steam & Water)  
 
 iii) Low pressure and low ERW carbon steel 
  temperature services piping to IS 1239:1973 
  (Air, Flue gas) Heavy class System) 
 
 iv)  Steam and water Seamless stainless 
  analysis system steel piping to ASTM 
   A312 GR. TP-321 
 
 v)  Seamless copper tubing ASTM B-75 
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9.02.02 Fittings Double compression type

i) Material for socket weld fittings  ASTM A105 
         ASTM A182, 
         Gr. F22 
         6000/3000 lbs 
 

ii) Dimensions of fittings    ANSI B16.11 
 
iii) Fittings for steam and    Gr. F-321 

   water analysis. 
 
9.02.03 Valves

i)   3 – way valves    SS body/forged CS 
body stellited internals and SW ends 
as per requirement for 2500 lb/800 lb 
ASA ratings. 

 
ii)   5- valve manifolds      FAS body/FCS body 

316SS stellited internals with NPT(F) 
SCRD ends for 3000/2500 lb/1500 
lb/800 lb ASA ratings. Construction – 
Single block (Bar stock) 

 
iii)        3-valve manifolds    FAS body/FCS body 

316SS  stellited internals with NPT(F) 
SCRD ends for 3000/2500 lb/1500 
lb/800 lb ASA ratings. Construction – 
Single block (Bar stock) 

 
iv)        2-valve manifolds    FCS body, 316SS 

stellited internals, NPT(F) SCRD 
ends. Construction – Single block 
(Bar stock) 

 
v)   Isolation and drain valves   Globe  valves with  

FAS body/FCS body, 316SS stellited 
internals SW ends for 3000/2500 
lb/1500 lb/800 ASA ratings. 

 
9.02.04        Condensation vessels   FAS/FCS body with NPT (F) SCRD 

connection and vent plugs for 3000/2500/1500/800 
lb ASA   ratings. 

 
9.02.05 Racks and Associated  ANSI C83.9-1972 
  Equipment 
 
9.02.06 Code for pressure piping,  ANSI B-31.1 
  welding and Hydrostatic 
  testing 

Page 284 of 617



 
9.02.07         Flexible conduits with fittings  Lead coated, paper insulated, heat 

resistant flexible metallic conduits with necessary 
fittings. 
 

9.02.08 3 Valve manifold shall be used, wherever Diff Pressure transmitter/switch have been 
used for pressure measurement. 
 

9.02.09 5 Valve manifold shall be used for Diff. Pressure & Flow measurement 
Transmitters/Switches.  

 
9.02.10 In addition to above, table # 9.1 shall also be followed for selection of specific erection 

hard ware as per process requirements. 
 
9.03.00 TRANSMITTER & SWITCHES ENCLOSURES
 

In general, BTG process transmitters & switches installed at outdoor location and in 
areas where they are subjected to splashing oil, water, steam etc., shall be mounted in 
closed type transmitter rack. For other areas (indoor), open type racks may be used for 
installation of transmitters and process switches. However the actual requirement shall 
be finalized during detailed Engineering considering following:- 

 
i)  Transmitter/Switches enclosures shall be free standing, enclosed type offering 

protection against dust, moisture and vermin.  Enclosures shall be suitable for 
outdoor installations, in thermal power plants. 

 
ii)  The enclosures shall comprise of Galvanized Sheet mounting plate internally. Also 

external-mounting brackets in Polyamide or Stainless Steel shall be available. 
Alternatively transmitter enclosures can be glass Fiber Reinforced Polyester (GRP) 
compression moulded and shall be weather proof. 

 
iii)  Instrument piping inside the enclosure shall conform to the specification and in line 

with typical installation drawings enclosed with the specification. 
           
iv)   Blow down header shall be provided inside the enclosure as called for. 
 
v)  Bulk head connection shall be provided to receive and terminate the impulse pipes 

from root valves. 
 
vi)  Instrument tubing, fittings and isolation, drain valves shall be to ANSI code for 

pressure piping.  Piping/tubing shall be subject to hydrostatic tests at 1.5 times 
maximum system pressure. 

 
vii)  Support angles shall be provided for valve manifolds, wiring trays etc.  Enclosures 

shall be complete with necessary bulk head fittings, junction boxes, drain header 
and other accessories as needed on the basis of approved hook up drawings. 

 
viii)  Sufficient spacing among adjacent transmitters shall be maintained to offer easy 

accessibility and operational convenience.  The enclosure shall be designed with 
sizes to suit the grouping and to completely include all the hardware for hooking up 
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the transmitters to the process on the basis of approved installation diagrams.  A 
maximum of five (5) transmitters are envisaged to be grouped in one enclosure. 

 
x)  A minimum of twenty (20) percent spare terminals shall be   provided. Only one 

wire per terminal shall be used on the outgoing side of these blocks (for cable 
panel).  Any common connections required shall be provided on the panel side of 
the block.  All   incoming power terminals are to be clearly identified in a manner 
distinctly different from all other terminals and grouped in a logical pattern. 

 
xi) Chapter no. 6 of this volume shall also be referred for designing of 

Transmitter/Switches enclosures. 
 

9.04.00 LOCAL INSTRUMENTS, LOCAL BOARDS AND TAPPING POINTS
 

i)  All local gauges as well as sensors, Transmitters and switches any other 
instruments for parameters like pressure, temperature, level, flow etc for safe and 
efficient operation of equipment under the scope of specification, shall be provided 
by bidder as approved by Owner.  Such equipment shall be listed by the Bidder 
detailing the items with the   respective functions in service.    All field mounted 
instruments shall be mounted in such a way as not to be affected by vibration & 
environmental conditions. Racks to mount these instruments shall be furnished by 
bidder complete with requisite erection hardware, tubings and junction boxes with 
all terminals of the instruments duly wired complete with cable glands. Groupings of 
instruments, actual number of racks for instruments and its construction shall be to 
Owners approval. 

 
ii)  Transmitters & Switches provided shall be mounted in transmitter/Switches 

enclosures to owner’s approval. The junction box for electrical connections shall be 
outside the transmitter enclosures. 

 
iii)  All erection hardware required for complete installation/ implementation of entire 

instrumentation specified is included in bidders scope. Any change in size, type, 
rating or in quantity deemed necessary during engineering shall be supplied within 
package price with no additional financial implication to owner. 

 
iv)  Bidders scope includes providing counter flanges on pipe lines/ vessels to suit 

owner arranged flanged devices. Counter flanges shall be complete with gaskets, 
nuts, bolts and other requisite accessories for proper installation.  

 
v)  Separate and independent tapping on equipment/associated piping shall be 

provided to suit the philosophy of redundant primary sensors. Separate sensors for 
control and monitoring etc are as decided by Owner. This shall include application 
such as first stage pressure.   Wherever the process value being measured needs 
to be compensated for temp, pressure variations, the tapping points for such 
compensating elements shall be provided in requisite number along with the 
tapping for the process value. 

 
vi) Whereever transmitters & switches are provided, in addition Local gauges shall 

also be provided by bidder for local field monitoring. 
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vii)  Local instruments and remote sensors & transmitters to be furnished with the 
equipment shall generally be as indicated herein and as per redundancy criteria 
indicated elsewhere but not be limited to the following: - 

 
            1.   Pressure Measurement
  
               i.   Pressure Gauge for: 
 
                       a)  Shell pressures of all Deaerator, HP and LP heaters and other vessels. 

b)  Mercury manometers shall be provided during air outlet flows 
measurement.  

c) Bleed steam pressure at extraction point for all turbine extractions and for 
pressure on drain lines.  

d)  Pressure   gauges   at inlets and   outlets   of condensate extraction pumps, 
main oil   pump, each auxiliary oil pump, AC standby oil pump, DC 
Emergency oil pump, jacking oil pumps, DM makeup pumps, DMCW 
pumps, BFP, or any other pumps etc. 

   Pressure Gauge at outlet of each type of Fan.  
e)  Lube oil pressure before and after oil coolers, HPT & IPT front seal  

       chamber leak off pressure.   
f)  MS pressure downstream of ESV, after HPT control valves and after HPT 

first stage, HRH steams pressure after IV, Gland steam header pressure, 
HPT exhaust etc. 

g)  Condensate pressure in condensate pump discharge header, and feed 
water pressure at inlet and outlet of each LP & HP heaters. 

h)  LP turbine exhaust pressure and condenser pressure 
i)  Relay/Lube/Control oil pressure, Drain oil lines pressure. 
j) Pressure gauges for vacuum pumps and each pump discharge. 
k) Pressure gauge at Instrument and service air header in compressor room 

and in the field at the main location of instrument/service air header, the 
pressure gauges shall be provided. 

l) Pressure gauges at inlet and outlet of each heat exchanger and cooler. 
m) Frame mounted Pressure Gauges (FMG) shall be provided for Main 

steam Pressure, Feed water pressure to economizer, CRH Steam 
Pressure, HRH Steam Pressure etc. 

n) For condensate storage tank the pressure gauge in terms of 0-10000 mm 
wc or suitable range having dial size of 300 mm or bigger size shall be 
provided. 

o) U tube manometer with Hg filled for direct measurement of 
condenser vacuum shall be provided in the fixed with isolation valve for 
local indications. 

p) Above are the minimum requirements, actual quantities shall be as 
decided during detailed engineering by owner. 

q) Pressure gauge for all BoP packages as decided during detailed 
engineering by owner. 

 
              ii.   Pressure Switches
 

a) Pressure switches at condensate Extraction Pump Discharge header, Boiler 
feed pump, seal water line or any other pumps for alarm (high & low) and 
interlock purpose. 
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b)  Pressure switches for steam supply to LP/HP heaters. 
c) Pressure switches for initiation of turning gear. 
d)  Pressure switches for control oil, jacking oil and lube oil pressure                  

for all required alarms and interlocks. 
e)  Steam pressure downstream of ESV, steam pressure after first stage of 

HPT, gland steam header pressure and suction line from turbine glands to 
Gland cooler. 

f)  Pressure switches for condenser vacuum low, very low alarms &    
interlocks.   

g)  Condenser water box pressure for alarm interlocks. 
h)  Pressure switches (low & high) for individual pumps/blowers 

suction/discharge and discharge header – alarms, interlocks and protection   
i) At the main location of instrument air header the pressure low switches 

shall be provided for alarms in DDCMIS 
j) Pressure switches/any other process switch etc. for OLCS / Alarms / 

Interlocks / Protection. Pressure switches at inlet, outlet of individual 
pumps and discharge header of pumps for protection and auto start / stop 
& alarms. 

k) Above are the minimum requirements, actual quantities shall be as 
decided during detailed engineering as per redundancy criteria by owner. 

l) Pressure switches for all BoP packages as decided during detailed 
engineering. by owner. 

   
             iii.  Differential Pressure Transmitters, Diff Pressure Switches & Diff. Pressure 

Gauges
 
                       a)    Pressure across strainers and filters. 

b) Diff. Pressure Transmitters/switches/Gauges for all BoP packages as 
decided during detailed engineering by owner. 

c) Diff. Pressure Transmitter across condenser on CW lines, Air pre heaters 
on air & flue gas lines, on PA lines, CEP suction strainers, Feed control 
station etc.  

d) Above are the minimum requirements, actual quantities shall be as 
decided during detailed engineering as per redundancy criteria by owner. 

 
iv. Pressure Transmitters
 

a) For all services as mentioned for Pressure gauges & Pressure Switches. 
b) Pressure Transmitters at condensate Extraction Pump individual Discharge 

and discharge header, Boiler feed pump individual Discharge and discharge 
header, seal water line or any other pumps/fans/HT/LT unidirectional drive 
for alarm (high & low) and interlock purpose. 

c) Pressure transmitter for wind box (Left/Right) & pulverizer seal air fans 
discharge pressure. 

d) Pressure Transmitters as on required basis for monitoring, interlocks & 
controls as per redundancy criteria and approved by owner. 

e) Above are the minimum requirements, actual quantities shall be as 
decided during detailed engineering as per redundancy criteria and 
approved by owner. 

f) Pressure Transmitters for all BoP packages as decided during detailed 
engineering by owner. 
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  2. Temperature Measurments:- 
 

The Bidder shall furnish all temperature sensing elements to be installed in their 
piping. The scope of supply shall include, but not limited to the following: - 

 
i)  Duplex RTDs for all bearing, drain oil from bearings, LPT exhaust steam, 3 no’s of 

duplex RTDs each on left and right CW outlet of condenser etc. 
ii)  6 no. duplex or 12 no. simplex Embedded temperature detectors for various motor 

stator windings and duplex RTDs for Motor/Pump bearing temp. 
iii)  Chromel-alumel surface/other thermocouples for turbine casings, ESV, IV bodies, 

superheated steam, hot reheat steam piping, steam of first stage HPT, inlet bowl of 
IPT, steam exhaust of HPT, down stream of ESV and IV, steam in ESVs and IVs, 
steam admission pipes metal temperatures, HPC, IPC flange metal temperature 
etc. 

iv) For all HP heaters remote monitoring with redundant independent sensors of 
inlet/outlet temperatures of feed water and extraction steam shall be provided in     
addition to local gauges. 

v) For all LP heaters remote monitoring with redundant independent sensors of 
inlet/outlet temperatures of feed water and extraction steam shall be provided in     
addition to local gauges. 

iv)  Temperature   sensors for HP-LP bypass system for measurement as well as for 
control. 

v)  Adequate number of temperature Elements shall   be furnished to provide initiating 
contacts for temperature interlocking   and trip circuits. The temperature elements 
shall be provided, but not limited to the following: - 

 
Steam temperature of HPT exhaust, steam temperature after ESV (L&R), IV (L&R), 
LPT exhaust hood steam, drain oil temperature of all journal bearings and thrust 
bearing & lube oil header temperatures, thrust bearing of each condensate 
extraction pump and vacuum pump protection, interlocks. 

  vi) Metal Temp measurement and steam temp measurement at each super heater &  
   Reheater location.  
 vii) Temp. Element & Temp gauges at Feed water line to economizer inlet, economizer  

  to steam separator, spray water lines to desuperheaters, Soot blower steam, Soot 
blower steam drain lines, steam drain lines, Flue gas & air lines etc 

viii) Temp. Measurements (Local & remote) for all BoP packages as decided during 
detailed engineering. 

ix) Thermocouples for Temp. above 200 deg C shall be provided by bidder.  
x) For plate heat exchangers, spare thermowell provision shall be made at inlet & 

outlet of ACW & DMCW lines in addition to local & remote temperature monitoring 
points. 

xi) Each ESP Hopper shall be provided with RTDs to control the temperature of ash 
through Hopper heater. 

 
xii) Temperature gauges.

 
a) For bearing temperatures AC and DC lube oil pumps, LPT exhaust hood 

etc. 
b)  For condensate and feed  water at inlet and outlet of HP heaters, Vacuum 

pumps, LP heaters etc.                     
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c)  Steam & water inlet/outlet of LP and HP heaters, steam and air mixture inlet 
to vacuum pumps, and drain lines etc. 

d)  Journal/thrust bearing drain oil, lube oil at inlet/outlet of oil   coolers,  
      cooling water at inlet and outlet of oil coolers etc. 

                      e)  Thrust bearing of each condensate extraction pump. 
f) Temp. Gauges at inlet and outlet of each heat exchanger and cooler. 
g) Frame mounted Temperature Gauges (FMG) shall be provided for Main 

steam Temperature, Feed water Temperature to economizer, CRH Steam 
Temperature, HRH Steam Temperature etc 

xiii) Above are the min. requirements, actual quantities shall be as decided during 
detailed engineering by owner. 

 
        3.   Level Measurement                   
 

i)  Level gauges - level gauges for boiler separator, HP heaters, LP heaters, 
deaerator, drain cooler, gland steam cooler, vacuum tanks, condenser hot well 
CBD tank, stator water tank, Stator water expansion tank and other pressure 
vessels, main oil tank and all oil tanks in BTG & BOP package.   The  level  gauges 
shall  be  mica shielded steel armoured transparent glass type. Level gauges for 
condenser hot well shall be provided on both sides. 

 
ii)  Level switches for HP/LP heaters, drain cooler, gland steam cooler, condenser hot 

well, deaerator, main oil tank and other pressure vessels, tanks, sumps etc.  The 
separate switches for high, very high and low levels shall be provided as  per 
interlocks and protection requirements. 

 
External cage mounted magnetic level switches/ displacer type shall be employed 
for low pressure & low temp. services.    

  
However conductivity type level switches shall be provided for high pressure & high 
temp services like HP heaters, CRH/HRH drain Pot, Turbine Drains etc. 

 
iii) Level Transmitters (Type as per Owner approval) for open 

sump/tank/bunker/vessel/heaters. 
 
iv) Level measurement for all BoP packages as decided during detailed engineering. 
 
v) Level switches for OLCS / Alarms / Interlocks / Protection. Level switches for 

sump/tank level high/normal/ low/very low interlocks. 
vi) Each ESP hopper must be provided with 3 nos. level switch (switches 2 nos. for 

high level and One no. for low level.) 
 
vii) Above are the min. requirements, actual quantities shall be as decided during 

detailed engineering by owner. 
 
4. Flow Measurements:- 

 
a) Primary Elements:  Flow nozzles shall be used for feed water flow and other critical 

measurements where weld-in construction is required. Flow nozzles shall be made 
of stainless steel, with three sets of pressure taps installed in the pipe wall where 
required. One no. spare set of pressure tap shall also be provided on flow nozzle, 
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wherever required. Installation of flow nozzles and pressure taps shall be made in 
the pipe fabricator's shop and shall be witnessed by a representative from the flow 
nozzle manufacturer. 

 
b) Paddle type orifice plates shall be used for other flow measurements where flanged 

construction and higher pressure loss are acceptable. Orifice plates shall be made 
of stainless steel. Orifice flanges shall be of the raised face weld neck type with 
dual sets of taps. 

 
c) Construction and installation of flow nozzles and orifices shall conform to the 

requirements of ASME Performance Test Code PTC-19.5, and discharge 
coefficients shall be predicted in accordance with data published in ASME 
Research Report on Fluid Meters. 

 
d) Airfoil or venturi flow sections, shall be used for measuring boiler combustion 

airflow. 
 
e) A special high accuracy flow nozzle pipe shall be provided to determine feed water 

flow to the economizer. This nozzle shall be hydraulically calibrated and utilized for 
feed water flow control and for turbine testing as described in ASME PTC 6 (latest 
revision). 

 
f) Orifice plates shall be supplied with carrier rings as per process requirement. 
 
g) Doppler effect type flow meters shall be used for sludge applications.  
 
h) For Raw water, water treatment plant and effluent treatment plant, ultrasonic type 

flow meters to be used. 
 
i) Secondary Elements: Secondary elements for differential type flow sensors shall be 

strain gauge or capacitance type differential pressure transmitters. Square root 
extraction required for the DP transmitters shall be performed electronically in the 
transmitter itself. 

 
j) HFO/LDO flow meters shall be based on coriolis mass flow technology. Fuel Oil 

meters shall be provided for fuel oil unloading system and near boiler after day oil 
tank (at main supply & return lie).  

 
k) Flow nozzles shall be provided for following services in main plant:- 
 

  i) Steam flow measurement for BFP Turbines. 
  ii) Feed water flow measurement 
  iii) Auxiliary steam flow measurements 
  iv) HP bypass flow measurements 
  v) BFP suction flow. 

vi) Deaerator water flow measurement 
  vii) HP heaters drain Flow measurements. 
 
  Orifices shall be provided for following services:- 
 
  i) Spray water flow measurement 
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  ii) Condensate flow measurements 
  iii) DM/hotwell makeup to condenser. 
   iv.) Condensate dump flow to CST 
  v) Gland Steam Condensate flow measurements 
 
 l) For DM water flow & Ash Slurry flows measurements online 

 electromagnetic flow meter shall be used. 
  

m)  At CW & ACW pump discharge headers flow transmitters shall be provided (Non 
Contact ultrasonic Type are preferable). In addition flow measurement shall also 
be provided for CW water used any where except condenser service.  

 
 n) Instrument and Service Air - Vortex/Swirl type Flow meter 
   
 o) Flow transmitters for general applications shall be of the differential 

 pressure type 
. 

p) Flow switches for OLCS / Alarms / Interlocks / Protection.  
 
q) Lubricating oil Flow transmitter/meter with switch shall be provided for Bearing 

systems of APH, FD, PA, etc.,   
 
r) Sight glasses flapper indication type shall be provided on lube oil cooling water 

piping as required to ensure indication of fluid flow.    
 

s) On line Fuel flow & velocity measurement facility in each Pulverized Fuel (PF) 
pipe for each coal pulveriser shall be provided by bidder for accurate, absolute 
and simultaneous measurement of coal velocity, coal density, coal mass flow rate 
and air-to-fuel ratio. The equipments shall compromise of sensors working on 
micro wave technology. 

 
t) In addition to the conventional triple DP measurement techniques involving 

venturi/Airfoil for secondary air flow measurement, One number Flow 
measurement system each on Left side and Right side shall be provided as 
redundant/checking measurement for secondary air flow which could be 
used in the optimization package.  

  
On line secondary air flow & velocity measurement facility in each on left side & 
right side shall be provided by bidder for accurate, absolute and simultaneous 
measurement of air velocity & flow rate. The equipments shall compromise of 
sensors working on tribo-electric (Correlation technique) technology. 

  
u) Any other flow element/meter required for system shall be finalised as per 
 system requirement and as per approved drawings/documents by owner. 

 
9.05.00 Process Connections

The type of instrument source connection shall depend upon the process parameters and 
the tapping size.  The source connection drawings shall be finalised during the 
engineering stage. 
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Size of tapping point stub, number and size of root valves for different types of 
measurements are as follows: 

 
Sl. 
No.

Quantity of 
root valves

Size of stub and 
root valve

Service Condition

Pressure and Differential Pressure Measurement
(i) 2 25NB > 40 bar(g) OR 4250C  
(ii) 1 15NB < 40 bar(g) AND 4250C.  
Level Measurement
(a) Level Gauge & Switch
(i) 2 25NB > 40 bar(g) OR 4250C 
(ii) 1 25NB < 40 bar(g) AND 4250C 
(b) Level transmitter (displacement type)
(i) 2 40NB >40 bar(g) OR 4250C 
(ii) 1 40NB <40 bar(g) AND 4250C 
(c) Stand pipe for level measuring instrument
(i) 2 80 NB >40 bar(g) OR 4250C 
(ii) 1 80 NB < 40 bar(g) AND 4250C 

Flow Measurement
(i) 2 25NB > 40bar(g) OR 4250C 
(ii) 1 25NB < 40 bar(g) AND 4250C 
Sampling system measurement (Steam and Water Service)
(i) 2 25 NB >40 bar(g) OR 4250C 
(ii) 1 25 NB < 40 bar(g) AND 4250C 
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9.06.00 INSTRUMENTATION AND CONTROL CABLES
 
9.06.01 General
 

Bidder’s scope of supply, laying, erection & commissioning of instrumentation and 
control cables shall include the following:- 

 
a) Bidder shall supply, lay, erect, terminate all type of cables required for power 

plants i.e. the control, instrumentation, interfacing (coaxial, fibre optic) cables 
etc. irrespective of other end scope. 

 
b) All interconnecting cables and prefabs between bidder’s supplied instruments, 

local JB, local instrument/transmitters, cabinets, panels and termination 
cabinets and interconnecting cables between Bidder’s panels to equipment / 
instruments/ Plant Control Room. All field JB’s / all field 
instruments/MCC/SWGR to DDCMIS/DCS cabinets in CER/ PLC 
cabinets/Relay cabinets/local control panels/desk etc. All power, Signal & 
Special cables from Sensor to JB, JB to MCC, JB/Drives to PLC/DDCMIS/DCS, 
MCC/SWGR to DDCMIS/DCS/PLC cabinets wherever one end or two ends 
are in EPC bidder's scope. Complete Cables shall be supplied, laid, terminated 
& commissioned by EPC bidder including preparation of Cable schedule and 
supply of cable Trays irrespective of other end scope. 

 
c) All co-axial cables/fibre optic cables and any other special cables for 

interfacing with other packages via soft link (covering all packages 
irrespective of scope).

 
d) K Type Thermocouples Extension cables, T Type thermocouple Extension 

cables and S/R type Thermocouple Compensating cables  
 

e) Interfacing cables (Coaxial, fibre optic etc) between owner supplied 
PLC/control systems (if any) to DDCMIS. 

 
f) Fire survival cable 
 
g) Preparation of Complete cable schedule, Interconnection diagram & JB 

schedules shall be in bidder scope. 
 
h) All others cables not included above however required for completeness and 

operation of plant. 
 

i) The cables shall be provided in non returnable wooden drums. The drum 
length shall be 1000 m + 5% up to & including 12 pair cables and 500 m + 5 
% for above 12 paired cables. 

 
The quantity of the above types of cables shall be estimated by the Bidder based on 
his experience.  

 
Any shortfall in cable quantity during actual laying at site shall be compensated by 
the Bidder at no extra cost to the owner. 
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Bidder shall supply the specified type of cable on as required basis for different 
cabling and interconnection work, provided the same meet the requirements of 
Bidder’s  I&C application. 

 
9.06.02  SPECIFICATION AND STANDARDS
 
9.06.02.01 Except where specified otherwise all materials , cables and construction shall 

conform to the Indian Electricity Act and Rules and the Indian and other international 
standards with latest revisions and amendments issued up to date. 

9.06.03  MATERIAL SPECIFICATIONS
 
9.06.03.01 General
 
9.06.03.02 All materials shall be new and of tested quality conforming to applicable National and 

Manufacturer's Standards and Indian Electricity Rules. 
 
9.06.03.03  All materials shall be transportable to and suitable for installation at site with ease 

and without any damage. It shall give continuous reliable operation over long period 
under worst specified site conditions. 

 
9.06.03.04 All materials shall be designed to withstand extremes of all magnetic, electrical, 

mechanical and thermal stresses which may be encountered during normal and 
abnormal operating conditions. 

  
9.06.04 Cables – Design Criteria
 
9.06.04.01 Cables shall be so designed and manufactured that damage does not occur in 

handling, during transit, storage, installation and operation under any or all the 
climatic and operating conditions which they may be subjected to. Outer sheath of 
cables shall have rodent and termite repulsion property. 

 
Cables shall be suitable for laying in conduits, ducts, trenches, trays or for direct 
burial in ground in both and wet locations. 

 
9.06.04.02 Cables shall be capable of operating satisfactorily under the power supply voltage 

and frequency variations as specified in the specification. Current ratings and ratings 
factors of cables shall not be worse than the ones specified in IS: 3961. 

 
9.06.04.03  Performance characteristics of cables shall be based on the following conditions of 

laying: 
  

1. All cables shall be laid in multilayer and touching each other. 
 
2. Cables shall be suitable for laying in duct or burying in ground upto a depth of 

1.5 meters with uncontrolled back fill and chances of flooding  by  water. 
 
9.06.04.04 Fillers in multiple conductor cables shall be flame retardant and moisture resistant. 
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9.06.04.05 All cables shall be provided with marking including manufacturer’s name, insulation 
material, conductor sizes, no of pairs, voltage ratings, type of cable, etc, progressive 
markings to read marking of the length of the cable at each meter interval and 
“FRLS”. 

 
9.06.04.06 All cables shall be suitable for continuous operation at 85 deg C except for high 

temperature resistant Teflon insulated cables, which shall be suitable for continuous 
operation at 205 deg C. 

 
9.06.04.07 All the cables used in the Hot/high temp. Zone (Combustor region), for emergency 

trip push buttons, Fire alarm system, safety critical circuits, Trip protection circuits 
and for other services specified elsewhere in the specification shall be fire survival 
cable conforming to IEC 60331, BS6387 (CWZ), BS6207 standard and this 
specification. The instrumentation cables in other area shall be FRLS conforming to 
IEC 60332 standards and this specification.  

 
9.06.04.08 All external field signals for DDCMIS/DCS/PLC shall be terminated in separate 

marshalling/termination cabinets. Under no circumstances, Field cabling to be 
directly terminated in DDCMIS/DCS/PLC system cabinets.  

 
9.06.04.09 All cables shall be paired cables. 
 
9.06.04.10 All cables shall be provided with anti termite, Anti Rodent & moisture resistant 

properties. 
 

9.06.04.11 All spare contacts/terminals on relays, control switches, limit switches or   similar 
devices, process switches, duplex RTDs & Duplex T/Cs shall be wired to accessible 
terminal blocks/JBs for Owner's future connections.  All wiring leaving a junction box 
or enclosure shall leave from terminal blocks and not from other devices in the 
enclosure. Two (2) pair (individual & overall shielded) cables shall be provided for 
terminating the thermocouples, transmitters & switches i.e Analog & Binary signals to 
local JBs. Similarly four (4) pair (individual & overall shielded) cables shall be 
provided for terminating the Duplex (3/4 wire) RTD to local JBs. 
 
10% spare pairs or min 1 pair cable (which ever is more) shall be provided with all 
type of cables. 

 
9.06.03.12 Cable size & type shall be as below for different type of signals and control system. 

 
 a) Cables for analog signals shall be instrumentation cable of 0.5 sq. mm copper 

conductor size, with individual pair shielding & over all shielding as per cl. No. 
9.06.04.02 mentioned below. 

            
 b) Cables for binary signals shall be instrumentation cable of 0.5 sq. mm copper 

conductor size as per cl. No. 9.06.04.02 mentioned below with exceptance of 
over all shielding only. 

 
 c) Cables for binary signals in relay based system and Fire protection & 

detection system shall be instrumentation cable of 1.5 Sq.mm conductor size, 
overall shielded as per cl. No. 9.06.04.01 mentioned below. 
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d) Cable for power supply to each solenoid valves shall be control cable of 3C x 

2.5 Sq.mm copper conductor size. Specification shall be as mentioned 
elsewherein the Electrical part.  

 
e) For cables single length more than 500 meters, the size of conductor shall be 

1.5 sq. mm only irrespective of type of signals. 
 
9.06.05 Cable Specification  
 
9.06.05.1 The Instrumentation cables shall function without breakdown for surges experienced 

in the control system.  Voltage class and insulation levels shall be compatible with 
the signals they convey. 

 
9.06.05.2 Cable Specifications
 

Cable shall have the following specification: - 
 

Sr.No.   Description    Cable  N 
 

1. Voltage Grade and Type  660 V/1100 V grade multipair  
annealed tinned copper conductor 
overall shielded armoured 
instrumentation cable. 

  2. IS Reference               IS: 1554 (Part-I Generally) 
3. Conductor               Nominal 1.5 Sq. Area concentric lay 

                   Annealed tinned high conductivity  
Stranded 7x0.53 mm dia. 

                   Electrolytic Copper conductor. 
4. Insulation             Extruded HR PVC type – C to IS:5831 
5. Shield          Minimum 0.06mm thick  

aluminum mylar tape shall be provided 
on each pair  with   hundred percent 
coverage, 25% overlap and tinned 
copper drain wire of diameter 0.8mm 
with 7 strands. 

  6. Inner sheath        FRLS HR PVC type ST-2 to  
IS:5831/VDE 0207. Colour Black. 

7. Armouring          Galvanized steel wire/strip to  
IS:3975 & IS 1554 Part II 

  8. Outer sheath        FRLS HR PVC type ST-2 to  
IS:5831/VDE 0207. Colour Blue.   

9. Lay      Twisted pair with 25 - 40lay/mt                                         
 
10. Tests for FRLS   1.  Flammability Test 

Properties          The cables shall pass  
       The requirement of 

                IEEE-332 part B fire propo- 
                  gation test in this 
              regard. 
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        2.  Smoke generation by 
             Sheath under fire 
            When tested as per 

 ASTM-2843, the cable shall meet 
the requirement (60%) smoke 
density. 

        3.  Acid gas generation 
            of sheath during fire 
             When tested as per 

                                                 IEC-754-1,the maximum 
Acid gas should be less 

           Than 20% by weight. 
        4.  Oxygen Index Test  
            The oxygen index when 
             tested under ASTMD   
             2863 shall be minimum 
             29. 
        5.  Water immersion test 
             shall be carried out 
             as per VDE 0815 

6. Swedish Chimney Test 
 

 Other Tests:
 

1.  Fire resistance test to IS-5831 for 
20 minutes. (PVC insulation & 
sheath of electrical cables) 

2. Thermal stability at 200     deg. C 
to IEC-540 for100mts.  

3.   Rodent and termite proof. 
4.   Heat shock test to IEC-502. 

 
11. Conductor and Pair  : The wires of pairs shall be coded by 

base colours on insulation which are repeated 
in every  unit.  Base  colours of the  pairs  in a  
unit shall be as follows:                                       

 
Pair   1     2      3      4

 
a)  wire  Blue   Grey    Green   White     
 
b)   wire Red  Yellow Brown Black 

 
The units shall be coded by colours of rings on 
the insulation cores as tabulated below in order  
to distinguish between wires of various units  in 
cables : 
--------------------------------------------- 
Unit: Ring Colour: Ring Group
--------------------------------------------- 
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1.  PINK   l    
 2. PINK   ll 
3. PINK   lll 
4. PINK   llll 
5. PINK      lllll 
6. ORANGE  llllll 
7.  ORANGE  lllllll 
8.  ORANGE  llllllll 

 
The vertical lines under column (Ring Group) in the above table indicate number of rings at 
intervals of approx 60 mm length of the wires of the units. For cables above 4 pair, each 4 
pair units shall be open helically lapped with numbered binder taped for the purpose of 
binding & unit identification.  

 
 12. Marking    Marking on length of the cable shall 

be at every meter interval on the outermost 
PVC sheath of cables. 

 
13. Electrical Properties at  20 Deg.C:

 
a) Conductor resistance of the loop not  greater than     78.4 Ohms/Km  

for 0.5 sq mm. Conductor 
size. 

 
24.6 Ohms/Km for 1.5 sq 
mm. Conductor size. 

 
b) Insulation resistance not less than                     100 Meg  

Ohms/Km   
 

c) Mutual capacitance at 0.8 KHz not greater than   100 nF/Km 
 

d) Test Voltage-cond/cond. and cond/shield            2000 Vrms 
 

e) Characteristic impedance at 0.8 KHz     370 Ohms for 0.5  
sq mm. Conductor  
size. 

 
230 Ohms for 1.5 sq mm. 
Conductor size. 

 
f) Image attenuation at 0.8 KHz              0.11 dB/100 m 

 
g) Image attenuation at 10 KHz         0.29 dB/100 m 

 
h) Cross talk attenuation at 0.8 KHz greater than          70 dB/Km 

 
i) Coupling capacitance at 0.8 KHz not greater than  200 pF/100 m 
 
j) Min Vol. Resistivity   : 3.5 x 1014 at 27 deg C 
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       3.5 x 1011 at 85 deg C 

k) High  Voltage  Test    :   Duration
 

Conductor  to   Conductor   :   2000 Vrms, 50 Hz  for 1 min.  
Conductor  to   Shield               :     2000 Vrms, 50 Hz  for 1 min.      
                   

9.06.05.3 Cable Specifications

                        Cables shall have the following specifications:- 
 
  Sr.No.   Description    Cable – M
 
  1. Voltage Grade and Type  660V/1100 V grade multipair 

annealed tinned copper conductor 
individual pair  and overall shielded 
armoured instrumentation cable. 

  2. IS Reference    IS:1554 (Part-I) (Generally) 
  3. Conductor    Nominal 0.5 Sq.mm. area concentric lay 

annealed tinned high conductivity 
stranded 7 x 0.307 mm dia. Electrolytic 
Copper conductor 

4. Conductor size   :  Overall dia of each conductor  
including insulation should be   
between  1.4  to  1.65 mm. For 0.5 sq 
mm. size conductor. 

 
5. Insulation    Extruded HR PVC type-C to IS:5831 
6.         Shield     Through aluminum mylar  

tape min 0.06 mm (0.075 mm) with min 
25% overlap and 0.8 mm dia tin coated 
copper drain wire (7 stranded) laid under 
the contact with aluminum side of the 
tape. 

7.        Inner sheath    FRLS HR PVC type ST-2  to 
  IS:5831/VDE 0207, Colour Black  

  8. Armouring               Galvanised steel wire/strip to IS:3975 
9.       Outer sheath    FRLS HR PVC type ST-2 to 

 IS:5831/VDE 0207, Colour Black   
  10. Test for FRLS properties  “See details as specified in Cable Type  

N”.   
  11. Colour Coding & Marking   - do-   

12. Electrical Properties   - do-     
   

9.06.05.4 Specification for Co-axial Cables Cable-C
 

Co-axial cables are used for high frequency equipments and systems for 
transmission and reception purposes and computers.  Co-axial cable should have 
minimum following characteristics:- 
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Construction         :  Solid silica coated, annealed tinned copper  
conductor. 

Di-electric                           :  Low loss solid polyethylene foam, 
                        semi and spaced construction. 

Outer conductor                 :  Braided or longitudinal tube of copper or  
Aluminum giving 100% coverage with slight 
overlap. 

Outer sheath   : FRLS PVC type ST2 
Diameter over Di-electric : 7.24 sq.mm. 
Outer diameter  : 10.29 sq.mm. 
Nominal impedance  : 75 ohms 
Nominal capacitance  : 20.5 pF/ft. 
Nominal attenuation  : 8 dB at 1000 MHz Per 100 ft. 
 
Co-axial cable shall be low smoke (ASTM- E 662), flame retarded (IEEE 383) and 
halogen free (IEC 754: 1 & 2), MIL C-17 G. 

 
9.06.05.5 Extension & Compensating Cables

1. Applicable Standards          :     ANSI MC96.1; IS:1554  
(Part-I) IS:5831-1984 

2. Type                           :     Single / Multipair twisted and 
shielded type as per ANSI MC96.1 

3. Conductor Size                :     1.31sqmm, solid alloy (16 AWG) 
4. Conductor Diameter            :     1.29 mm 
5. Insulation                     :     PVC insulated, heavy duty,  

Self extinguishing type.  Colour coded 
extruded PVC inner sheathed with 
overall PVC sheathed Type ST2 FRLS  
IS: 5831.  Insulation of each wire with 
high grade 0.6 mm 85 deg.C Extruded 
HR PVC Type C as per IS: 5831, 
voltage grading shall be 1.1 kV. 

6. Lay                            :     Twisted pairs within 50 mm max. lay. 
7. Shield                         : Single pair cable assembly  

only. Multiple pair - each pair and cable 
assembly.  Each conductor shall be 
individually and overall shielded Through 
aluminum mylar tape min 0.06 mm (0.075 
mm) with min 25% overlap & 100% 
coverage and 7 strand 20 SWG 
minimum size tin coated copper drain 
wire. 

8.       Outer sheath    FRLS HR PVC type ST-2 to  
IS:5831  

9. Conductor Identification      :     See "Cable Details" as below 
10. Armour                         :     Galvanised steel wire/strip to  

IS:3975 
11. Multiple pair identification  :     Each pair numbered every 250 mm 
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12. Electrical Parameters: 
 

Thermo electric specification, limit of error shall be as per IEC, ANSI 
 
Description KX type SX/RX Type TX Type
E.M.F at 100 Deg.C 4.095mV 0.646/0.647 mV 4.279 mV 
E.M.F at 200 Deg.C 8.137mV 1.441/1.469 mV 9.228 mV 
Tolerance + 2.2 ºC from 0ºC to 

200ºC 
+ 1.5 ºC from 0ºC to 
200ºC 

+ 1.0 ºC from 0ºC to 
100ºC 

Conductor loop 
resistance for 1.31 
sq. mm (16 AWG) 
size as per ANSI 
MC96.1 at 20 Deg.C 
Ohms/K.Mtr 

760 (Typ) 
 

95 (Typ) 390 (Typ) 

 
Insulation Resistance ( min)  : 100 M ohm x KM 
Mutual Capacitance at 0.8 resp. 1 KHz (max): 

  
- Single pair and pair screened : 120nf/KM 
- upto 4 pair overall screened  : 96 nf/KM 
- above 4 pairs overall screened : 80 nf/KM 

 
13. CABLE DETAILS

ANSI Type Conductor Material ANSI Colour Code
Positive Negative Positive Negative Overall

KX type Extension 
cable for K type 
Thermocouple  

(NICR/NIAI)  
Cromel 

(Nichr/NiAl)    
    Alumel 

Yellow Red Yellow 

SX/RX type 
Compensating 
cable for type S & 
R thermocouple 

Cu 
(Copper) 

Cu Ni (Copper- 
Nickel alloy) 

Black  Red Green  

TX type Extension 
cable for type T 
thermocouple 

Cu 
(Copper) 

Constantan  Blue Red Blue 

 
14. Tests to be conducted:
   
-Thermo-e.m.f characteristics    
-Continuity test   
-Measurement on capacitance, inductance and loop resistance.   
-Insulation resistance   
-High voltage tests as per IS(latest)   
-Tensile and elongation tests   
-Flame retardency as per IEC 332   
-Oxygen index test 
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9.06.05.6 Fiber Optic Cable 

A Fiber: The optical fiber core shall be of ultra pure fused silica glass 
coated with UV-cured acrylate suitable to withdraw temperature of 
about 80 Deg C (continuous). Fiber Optic cables shall be suitable 
for installation on cable tray, duct bank, cable trench, direct burial 
as necessary.

1 Type Multiple single mode & Multi-Mode Fiber to 
avoid usage of any repeaters. 

2 Core Diameter Multimode Fiber 
cable

Singlemode Fiber 
cable

  62.5 ± 2 microns or 
50 ± 2 microns  
depending upon 
distance between 
source & 
destination.  

9 ± 1 microns  

3 Cladding Diameter 125 ± 2 microns 
4 Fiber Proof test  As per IEC/EIA & other international 

standard. 
5 Coating Diameter Test  As per IEC/EIA & other international 

standard. 
6 Number of Fibers/core Six (Colour Coded) with min. 100% spare 

core (Fibers) 

B1 Optical Charactertics 
– Bandwidth, 
Attenuation &
Numerical Aperture

For multimode fiber 
cable with core 
diameter 62.5 ± 2 
microns:

For multimode fiber 
cable with core 
diameter 50 ± 2 
microns:

1 Bandwidth @ 850 nm 
Bandwidth @ 1300 nm 

160 MHz-Km min 
500 MHz-Km min 

500 MHz-Km min 
500 MHz-Km min 

2 Attenuation @ 850 nm 
Attenuation@ 1300 nm 

3.0 dB/Km max 
0.8 dB/Km max 

3.0 dB/Km max 
0.8 dB/Km max 

3 Numerical Aperture 0.275 + 0.015 0.200 + 0.015 
B2 Optical Charactertics 

- Attenuation 
for Singlemode fiber 
cable outside plant:

for Singlemode fiber 
cable inside plant:

1 Attenuation@ 1310 nm 
Attenuation@ 1550 nm 

0.35 dB/Km max 
0.2 dB/Km max 

1 dB/Km max 
1 dB/Km max 
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C Cable Construction: 

Fiber Optic cable shall be of loose tube design. Typically, fibres shall be 
housed in groups of 6 (minimum) within gel-filled buffer tubes to protect 
against ingress of moisture and vibration. The tubes shall be 
manufactured with industry standard material tools & practices. The 
buffer tubes shall be stranded around the central strength member 
utilizing reverse oscillating lay (ROL). Blank fillers shall be used as 
necessary to maintain circular cable structure. Fillers shall be flame 
retardant and moisture resistant. 

The cable shall be of dual jacket & armoured. Optic Fibre cable shall be 
polymer coated, galvanised corrugated steel taped armoured, fully water 
blocked with central dielectric material for outdoor/indoor application so  
as to prevent any physical damage. Two highly visible ripcords are 
placed under the jacket to aid in sheath removal. A co-polymer coated 
steel tape is corrugated and wrapped around the inner jacket to provide 
additional cable compression strength and Termite & rodent protection. A 
ripcord is also placed underneath the armour for easy outer jacket 
removal.

1 Outer Colour Orange  
2 Outer Jacket Polyethylene minimum 1.5mm thick, Flame 

retardant & UV resistant. 
3 Inner Jacket Core-locked flame retardant polyethylene 
4 Filler / Strength member As per Manufacturer’s standard 
5 Central Strength member FiberGlass reinforced plastic (FRP) and 

Buckle resistant material to provide both 
tensile and anti bucking strength to the 
cable. 

6. Details marked at every 
meter on outer sheath. 

Manufacturer’s Name, Month and Year of 
Manufacturer,  Coded description of the 
cable based on telcordia”s (bellcore) SR-
2014 suggested optical cable code (SOCC), 
Sheath identification Number, Sequential 
Length marking in meter, A telephone 
Handset symbol to distinguish 
communication from power cable as per 
NESC section-35G. 

7. Life Expectancy Fiber Optic cable shall provide a long life 
expectancy of minimum 25 years under 
continuous operation without degradation to 
optical or mechanical performance.

D Stripping Ability All layers easily removed with 
Commercially available tools

  
E Installation:
1 Minimum bending radius 20 X D (D=core Diameter) - During 

Installation , Short Term , loaded 
15 X D (D=core Diameter) – Installed, Long 
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Term , No load 
2 Maximum Tensile 

Load/Strength 
During Installation: 2200 N  
Installed: 1500N 

3 Method of laying Directly laid in cable trays / duct bank / 
clamped with available structure  

4 Pulling Ordinary cable grips 
   
F Storage Temperature - 20 0 C to 60 0 C 

G Operating Temperature & 
Humidity

- 20 0 C to 70 0 C & 100% 

H Data Speed performance 10 Gbps minimum 

I Test Specification (EIA/TIA – STD455 or Equivalent):
1 Impact Resistance 2000 Impacts minimum 
2 Crush Resistance 4000 N/10cm minimum 
3. Compressive Strength 3000 N minimum 

J Moisture/Water 
Resistance

Water blocking layer, Cable shall withstand 
water penetration when tested with a one 
meter static head or equivalent continuous 
pressure applied at one end of a one meter 
length of filled cable for one hour. No water 
shall leak through the open cable end. 

  
K. Optical time Domain 

reflectometer
a. A recording optical time domain reflecto 

meter (OTDR) will be utilized to test for 
end-to-end continuity and attenuation of 
each optical fiber. The OTDR shall be 
equipped with data storage, printer, 
help feature, compare trace features 
and OTDR software. The data storage 
unit must include a built-in floppy disk 
drive capable of storing a minimum of 
100 test traces. 

b. Data traces saved to disk shall include 
the following labels. 

i. Fiber Identification (ID) with a minimum 
of 10 characters. 

ii. Cable ID with a minimum of 10 
characters 

iii. OTDR location with a minimum of 20 
characters 

iv. Far End location with a minimum of 20 
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characters. 

v. Test operator initials with a minimum of 
3 characters. 

c. The printer shall preferable be internal. 
The printer shall be able to print data 
traces within 30 seconds or less. The 
machine setting used to repeat tests at 
a later time shall include index, range, 
wavelength, average time, pulse width 
and scale settings. The test results (on 
printout) shall provide information 
including: loss, distance, reflectance, 
data and time. 

d. The requirements for the compare trace 
feature include the ability to recall two 
historical traces from a diskette and 
display them simultaneously for 
analysis and printing. The compare 
trace must compute and display a 
single graph representing any 
differences between two traces. The 
compare trace must be able to recall 
historical traces from a discrete and 
perform the same tests on connected 
live fibers. The compare trace shall 
perform a two point loss measurement 
test for any two particular fibers in a 
comparison analysis. The losses 
between the two points on the each 
fiber shall be displayed, and the 
differences between the two readings 
clearly shown. 

e. The OTDR must be equipped with 
software to support all of the required 
functions. The software shall provide for 
printing of whole set of traces (batch 
print) with minimal commands 
eliminating the time spent for printing 
traces individually. 

f. Bidder shall provide all mounting 
accessories, cables and connectors 
required to establish data 
communication.

L. Fiber Optic splicer, 
terminator and tool kit box

Bidder shall provide new unused tools 
comprise of splicer and fusion jointer and 
tool kit comprise of cutter, stripper, 
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polishing tool, handheld microscope, heat 
shrinkable sleeve, scissor, knife etc as 
required for maintenance and commission. 

M. Standards Optical cable shall be conform to 
i)  IEC 60794/IEC 60793 & EIA/TIA 

455.  
ii) Low smoke(IEC 1034 -light  

transmittance of 80%). 
iii) Halogen free(IEC 754: 1&2- 

maximum acid gas generation  shall 
be 2% by weight and PH >4.3). 

iv) Fire & flame retarded (IEC 331,IEEE 
383). 

v) Rodent resistant. 
vi) Crush Resistant (EIA -455-41).  
vii) Impact Resistant (EIA -455-25). 
 
Bidder shall submit Type test report for 

review ,conform to IEC 60794,  IEC 60793, 
IEEE 383, IEC 754: 1 & 2,IEC 331 ,IEEE 
1034 and EIA/TIA standard. 

Colour codes shall be as per EIA/TIA 598-A.
N. TESTS Following minimum test as per any 

approved standard shall be carried out on 
the cables: 
a. Attenuation and Dispersion 

characteristics tests 
b. Proof Tests 
c. Macro-Bend resistance Test 
d. Mechanical Test 
e. Low and High Temperature cable Bend 

Test 
f. Impact resistance Test 
g. Compressive strength Test 
h. Tensile strength Test 
i. Cable Twist test 
j. Cable cyclic flexing test 
k. Environmental characteristics Test 
l. Temperature cycling test 
m. Colour permanence Test 
n. Cable Aging test 
o. Water penetration test 
p. Lightning Test
q. Kink Test
r. Crush Test

 
 
9.06.05.7 Data Cable: 
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Data transmission cables are control & signal cables used in electronics of computer 
system, electronic control equipment etc.  in power plant data processing system. The 
cable has an overall screening which suppresses external electrical influences and 
ensures precise pulse transmission. The screen braiding of tinned copper wires is 
wrapped around the core or inner sheath.  

 
i) Min. bending radius for flexing :  15x cable diameter. 
ii) Temp. Range   :  (-30 to +80) deg.  

centigrade 
iii) Loop resistance   :  Max.78.4 ohm/km. 
iv) Inductance    :  0.65 mH / Km. 
v) Coupling    :  200 pF / Km.  

 
Co axial and fibre optic cables are also used as data cables. 

9.06.05.8 NOTE: All cables near high temperature zone shall be high temp cables, which shall 
be terminated at a junction box in normal temperature zone. Thermocouple extension 
cables and copper conductor cables for high temperature applications shall be with 
insulation of individual conductor and outer sheath of extruded FEP (i.e. Teflon) as 
per VDE 0207 Part 6 and ASTMD 2116. The thickness of insulation shall be 0.5 mm 
nominal (i.e. 0.4 mm minimum). These cables shall be single / Multipair twisted & 
shielded.  

9.06.05.9 Fire survival instrumentation Cables shall be similar to the Fire survival control cables 
specified in electrical section (Vol. IV) except that Cables for analog signals shall be 
annealed tinned copper conductor 0.5 sq. mm sized, with individual pair shielding & 
over all shielding and Cables for binary signals shall be annealed tinned copper 
conductor 0.5 sq. mm sized with over all shielding only. In addition the cables shall 
have high degree of immunity from electromagnetic interference.  

9.06.06 TYPE AND ACCEPTANCE TESTS FOR INSTRUMENTATION CABLES
 
9.06.06.01 After completion of manufacture, type and acceptance tests as specified in relevant 

standards and herein shall be conducted and requisite number of copies of test 
certificates as per Distribution  Schedule shall be furnished. 

 
9.06.06.02 The Owner may, at his discretion, waive type tests provided type tests reports of 

tests carried out on identical materials(s)manufactured by the Bidder in India in last 5 
years are furnished. The Bidder shall furnish copies of such type test reports with the 
Bid or indicate when they expect to make these available.  
After completion of manufacture, following minimum type and acceptance tests as 
specified in relevant standards and herein shall be conducted and requisite number 
of copies of test certificates shall be furnished. The Owner may, at his discretion, 
waive type tests provided type tests reports of tests carried out on identical 
materials(s)manufactured by the Bidder in India are furnished. The Bidder shall 
furnish copies of such type test reports with the Bid or indicate when they expect to 
make these available.  
 
I.  TYPE TESTS:
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The type tests shall be carried out on one drum out of every 10 drums or less for 
each size of cable in each lot, in presence of Owner’s representative as per 
applicable standards in Govt. approved Laboratory if adequate testing facility is not 
available at works of the supplier. 
 

Sr. No. Name of Test Governing 
standard

Special requirements 
as per owner’s 
specification.

1. Annealing test 
 (for copper) 

IS  :  8130/84 As per IS: 8130/84 

2. Conductor resistance test & 
Diameter test 

IS : 10810 As per approved 
G.T.P. 

3. Per sulphate test 
(for tinned copper wire) 

IS  : 8130/84 As per IS: 8130/84 

4. Test for armours wires / 
strips 

IS   :  3975 As per IS:3975 

5. Test for measurement of 
DC resistance of armour 

IS: 1554 (I) As per approved 
G.T.P. 

6. Test for measurement of 
thickness of insulation & 
sheath & other dimensions. 

IS : 1554 (I) As per approved 
G.T.P. 

7. Measurement of volume 
resistivity of HRPVC 
insulation 

IS : 5831-1984 i.  3.5 x 1014  

    at 27
Ohm-cm    

0

     temp.(Min). 
C / room 

 
ii. 3.5x1011

   at 85
Ohm-cm       

0C (Min.) 

8. Tensile strength and 
elongation test for insulation 
& sheath. 

IS:5831/1984 As per IS:5831/84 

9. Ageing test for insulation & 
sheath. 
Loss of mass test for PVC 
insulation & sheath. 

IS:5831/1984 As per IS:5831/84 

10. Shrinkage test for PVC 
insulation & sheath. 

IS:5831/1984 As per IS:5831/84 

11. Shrinkage test for PVC 
insulation & sheath 

IS:5831/84 As per IS:5831/84 

12. Hot deformation test for 
PVC insulation & sheath 

IS:5831/1984 As per IS:5831/84 

13. Cold bend test for PVC 
insulation. 

IS:5831/1984 As per IS:5831/84 

14. Cold impact test for PVC 
sheath. 

IS:5831/1984 As per IS:5831/84 

15. Heat shock test for PVC 
insulation & sheath. 

IS:5831/1984 As per IS:5831/84 

16. Thermal stability test for 
PVC insulation and sheath. 
 

IS:5831/1984 As per IS:5831/84 
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17. Test for bleeding and 
blooming of pigments for 
PVC insulation of sheath. 

IS:5831/1984 As per IS:5831/84 

18. Colour fastness to water. IS:5831/1984 As per IS:5831/84 
19. Colour fastness to day light. IS:5831/1984 As per IS:5831/84 
20. High voltage test (water 

immersion test) 
 

IS:1554(I) IS:1554(I) 

21. Test for rodent & termite 
repulsion property of 
sheath. 

- Presence of lead shall 
be detected. 

22. Oxygen index test on inner 
& outer sheath material. 

ASTM:D-2863/77 Min.29 

23 Temp. index test on inner & 
outer sheath material 

ASTM:D-2863/77 Min.250oC 

24 Acid gas emission test on 
inner & outer sheath 
material. 

IEC-754-1 Acid gas generation 
shall be less than 20% 
by weight. 

25. Smoke Density test on inner 
& outer sheath material 

ASTM-D-2843/77 Min. 40% light 
transmission during 
test. 

26. Flammability test on 
finished cable samples as 
per following methods: 
 
i.  Swedish chimney test 
ii  Vertical tray flame 
    propagation test.  
iii. Single vertical cable       
     fire resistance test. 

 
 
 
 
 
SS-424-14-75  
Cl. F-3 
IEEE-383 
 
IEC-332-1 

 
 
 
 
 
SS-424-14-75  
Cl. F-3 
IEEE-383 
 
IEC-332-1 

27. Tests for all electrical 
properties at 20o

 
C  & 

maximum operating temp. 
as per GTP. 

As per GTP 
 
As per approved 
G.T.P. 

28. Oxygen index test & Acid 
Gas generation test for 
Fillers 

ASTMD – 2863, 
IEC 60754-1 

As per approved GTP 

29. Continuity test, Shield 
thickness,  Overlap test of 
Al  Mylar shield 

 
As per GTP 

 
As per approved GTP 

30. Noise interference test, 
Cross talk test, Mutual 
capacitance, Drain wire 
continuity test.  

IEEE Transaction, 
VDE 0472 

As per approved GTP 

 
ll Routine Test:

 
Routine test shall be carried in presence of owner’s representative for all types of 
cables. 
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1. High voltage test   IS:1554 (I)  2 KV (RMS) 

                     for one minute 
 2. Conductor Resistance  IS:8130/84  As per GTP 

Test 
 

lll Acceptance Tests:
 

Following tests shall be carried out on 1 drum out of every 10 drums or less for each 
size of cables in each lot, in presence of owner’s representative.  

 
1. High voltage test  IS:1554 (I)  2 KV (RMS) 

         for one minute 
 2. Conductor Resistance IS:8130/84  As per NIT 

Test 
3. Volume Resistivity  IS:5831-1984  (i) 3.5x1014

         at 27 deg C/room 
-cm  

         temp (Min) 
        (ii) 3.5x1011

 4. Measurement of Mutual    100 NF/Km (max) 

ohm-cm  
        at 850C Min. 

  capacitance at 0.8 KHZ 
 
 5. Calculation & Verification of 

Characteristic impedance on  
the basis of value obtain for   
mutual capacitance at 0.8 KHZ 
with the help of following formula 

   
    R 

Z =   ----------    320   Ohms(nominal) 
    2 fc 
 

where Z  = characteristic impedance in ohm 
 
  R = Loop resistance of cable per km in ohms at 20 0
  f = Frequency of test in Hz (800) 

C 

  c = mutual capacitance per km. 
 
6. Measurement of thickness   IS:1554 (I)  As per NIT 
 of insulation and sheath & 
 other dimensions 
7. Tensile strength and   IS:5831/84  IS:5831/84 
 elongation at break 
 of insulation & sheath 
8. Oxygen index test on   ASTM-D-2863 Min.29 
 inner & outer sheath 
 at room temp. 
*9. Temp. index test on   --do--   Min.2500

 inner & outer sheath 
C 
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*10. Acid gas emission test  TEC-754-1  Max.20% by 
 on inner sheath & outer      weight 
 sheath. 
11. Smoke density test on  ASTM-D-2843  Min.40% light 
 inner sheath & outer      transmission 
 sheath        during test. 
12. Flammability test   SS-424-14-75 SS-424-14-75 

     Class F-3  Class  F-3 
13. Additional Test   IEC 331  for fire survival  
         characteristics 
 

* (If no. of drums selected for acceptance test for a particular cable size are more 
than one, the tests marked with * i.e. 5 no. 9&10 under acceptance tests shall be 
carried out on one drum only). 

9.07.00 SHOP TESTS FOR ERECTION HARDWARE
 

i) General Requirements:- 

 
a) The equipment as per this section shall be subject to shop tests. 
b) The Conductor shall furnish all materials, equipment, tools, 

instruments, bulkheads, blanking plates and all personnel required for 
completing these tests. 

c) Personnel performing the tests shall be qualified and experienced. Tests shall 
be performed as many times as necessary to assure Proper quality of 
materials and workmanship.  If any test reveals Unsatisfactory materials or 
workmanship,  such materials shall be Repaired or replaced to the 
satisfaction of the Owner. 

d) Hydrostatic and pneumatic tests shall be performed on all pipes, Tubings and 
systems supplied by the Bidder and shall conform To ANSI B31.1 – Code for 
Pressure Piping. 

 
ii) Hydrostatic Testing 
 

All instrument piping, which connects to process piping, shall be 
Hydrostatically tested. 
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4.02.03.2.5 Unit Co-Ordination Level
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4.02.08.02� Redundancy in Input/output Modules
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4.02.08.02.1 Wiring Scheme for inputs/outputs to/from control system shall be as follows:
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4.02.09 DDCMIS/DCS Controller Grouping/Partitioning
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=��_�#� ����� ��?��� �[�]���[��� ���������]� ��?�� ��]<�=�[~�]� �\�@_��[��� � ��#�������� ��<�
#���]��?���#� �{���� ����� ��[_���#< ������ #��<� =��� <��]� {�]��|��\ �# ����@�?��<�#� �{#<��#�
��[��=���@��=��_���
�
��]����|� \���� �]<�=��@�� <��<� #����]���[�� ��� ��� ���� � `�!��� ��� [�#]� #<����?��{� �=�[�[��
��#���������[��#< ����<� =��� ���� � `�!�� ����[ �#]� ���[������� £� $\���	�� �� 	����� ��� �
`�!������[�#]������<����[��������+���
�
�<��<�#����]���[����#����@����[� ������=���#|#����#<����]����]����[�#�����{��]�##�#|#����
[���� \����� <��[� ���?_#� ��� <��#|#����#<����?�� \_���#<�[�� ��<�\ �]������#� \�������_� �����]�
#����@���\�[���������� ���[��=��\������@������#����@����[�� �#�������=���?|��<���{�������\���
#_?#�^_����{��]�##��@���[�{� �����@���<���{�������#<����?���?� �����[�#{��|���[�{� �����<��
������=�[�[�������]���_��
����[�{��������

�
4.03.03.04 Specifications for Operator Station, Engineering Work Stations 

��]<��{ ������@� #������� ��� �@�������@�� ���� #������#���[���| ��� <���� ���� #������#~�	�
��=�#�@�[����{�����#<���������\�������@������_����^_�������#����#�{�������#������[#�����<��
������\�#_{{�|��

� �
�� 
��?���[� }�����£������^_�[�]��������������{��]�##������<����������?_#����<�

�|{����<���[��@����<�@<����
�� ��`����������$����+�
�� ����������`�}������[���#]����=���\�������������<�@<���
�� ������`����{<�]��]]���������
�� �|#����]<�{#����}�������{��##�
�� �������£�����{���#�
�� ����{��������{����
�� ����#��!�`�{���#��$����#�����\�����#�[�+�
�� �����������~	�����[����=���
�� ����������~�����=��
�� ������<������$���~�����~������`+�]��[#�$}�[_#���������[�+�
�� !���� @��{<�]#� ��[� ������������� ������ ����� �]� ��_�#� ���<�� ��}}�]� �{�������

=�����@���@������­�=����]������������������[�\�#��#����#{��#���������
�� ��� �� ��[��#� ��~�� ���\�##�������� �� ���#��� �{ ��=���= ��#�����\ � ���[��#� 
��

{��\�##���������<��_�����[���
�� ��<�������[�{����
�� �<��[�{���|��{������@�#|#�����@��{<�]���_#��#������\�]��
� ���[�#�\��������\���^_���[��
�� ����#��@��{<�]��_�{_��]��[#������_��
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{��]�����_#��
�� ��_�[�]��[�
�� }��������#{�����#�

� � �� ������##������������`�_������<�}����\�]��
� � �� ��[_�[����{�����#_{{�|�$}��?_���+�

�� ��������������[��#�����#������
\\�]�����\�##��������[�?���
�]��?���������=��_#��]�\�������^_�=��������_��	�����]���

-� �{{��]��������@�������@�����}�#�\�����������#_���{��©�]���{�]�\�]���^_��������
-� ����
���#<����?�������]<��@��?���

Preferred makes of OWS/EWS/PC’s are DELL, HPCOMPAQ, NEC & IBM.

4.03.03.04.01 Peripherals for Operator Station, Engineering Work Stations & Server System 

4.03.03.04.02 Full flat Monitors with LED back lighting 

�<�� ?�[[��� #<���� \_���#<� 
��~���~���=��#~�	� ���<� ]���_��[� Full flat Monitors with 
LED back lighting�� �
 ��~���~���=��#~�	�� ��<� Monitors� #<���� <�=�� ��\ �#��]_ �#���
]�������[�= �]��� ������� ��]��?�� �~�{��]���� �_#����� ��� Monitors� #<����?���\ �<�@<�� �#��_�����
]���_��@��{<�]#��|{����[�� ��<�������##��<������] ���_�#��� �<��{�]�_���\��^_��]|�#<��������
��]��[����������<����#��_�������^_���[��#�������������{��������?���������<��{�]�_���#<����
?��#��?�����[�]��{�����|�\�����\���|�\��]�����@����<��#]��������_���������#<����?�����_@<�
��� @�=�� @��[� ���[�?����|�� �<�� #]����� [����#���#� #<���� ���� ?�� ��##� �<��� ��®� #]�����
[��@������
�
����@�����<��[�]�����@�#<����?��{��=�[�[�����@<������?����|���[����@���\����«�$}�[_#�������|{�+�
���?������#�����������#�#<����?��#_{{���[�?|� �<��?�[[����Monitors�#<����?���^_�{{�[����<�
�����[© _#���@� �������#� �]]�##�?������� <�� \�����{ ������ � �������#� ���<� ��� ]�{�?������#� \���
@��{<�]#�#<����?��{��=�[�[�?|�?�[[����
�
Monitors�����@����<���|?���[����{��]�����_#��#<����?��� �_���[����#_ {��=�#��|�]�������
]��#����#{�]�\��[���#��<��������<��#{�]�\�]��������

� � �
4.03.03.04.03 Key Board��
�

�_�]�������� �|�?��� [#� \���{� �����{�� �����#� ������#< ����?� ��\ �#{ �]����� |{���[�{� �[�� ��
�{��������� �#�#� ��[�� ������� \_�]����#���} ��#< ����]� �������� ��� �|#� ��]�##��|�\ ���{� ����
�{���������� ���@�[�� �������@�����]���|�� ��������� _����\ _�]����� ��|#� #<����?��{� �=�[�[�
���<��_������]�[�#{��|�\�����[�\��[�\_�]����#��������|�{��@�����?�����|#�$�����_�����+�
#<����?���=����?���\���#{�]����_#����{{��]�������
�
��|�`���[�#<����?������@����[������#_{��=�#��#�]�������]��#���#�<����������{�����
�
���=�#�����\�\_�]���������|?���[�#<����?������[[���������\�]����|�\����{�������]��������<��_@<�
��_#�~���]��?�����
�
���?������� |{��� �|?���[�#< ����?��{� �=�[�[� �\ �����{�� ������ ����\�]��� ���<�{� �]�##� \���
{�����]����������[��[� #{��|��\_�]����#�������]]�##��{�����[���������]��©_�]���������<��]��������

�����}�������}
�#�����?������ �|{�[�#< ����?���## �@��?���� ���<� ����� ���� ���#��
[�[�]���[�[�#{��|�#���]�������|#����<��#{����{��=�#������<��[��������]���@��\�]����|�����#����

�����}�������}
��� ��� � ���@������� �#_{��=�#��� �����{������� ���[��� ��<�����|?���[��
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#<�����<�=������� ����_����\�������]��\�@_��?������|#��\����##�@���@����#��\��^_����|�_#�[�
[�#{��|#���������_���\�\���|��\� �<�#����|#�#<����<�=�� ���� ��[�{��[����|� �������³#�_#�[�
\����=����#{�]�\�]����������_�]����������������
�
��|?���[� #<����?��{� �=�[�[�� �����?� ��� <��#< �\�� #_{��=�#���� ��[�=���{�@ ��{<�]� [�#{��|#��
]�������#|#����#�\��������[�#|#����]��\�@_�������\����<����	�}���}��#<������?��{�##� ?���
���{�� \�����{�� ����@�� ����\�]�� \_�]����#� \������@ �������@� 
�����}���� ���}
�����
�##�@��?��� \_�]����� ��|#� #<����?��{� �=�[�[�\ ����� �]_������\ �]� ����[��{� �@������ ]��
���[�����\ �]����|� #<���� �?���{� �=�[�[��� ��#� �� 
�����}���� ���}
�� �����@ ������� ���
�{������� �� �[���� ������� |{��� �|?���[� #<���� ?�� {��=�[�[�\ ��� ��@������#� \_�]����#��
��������|{����|�`���[���|�?���\\���[����������=��|�\���
�����
�

4.03.03.04.04 PRINTERS

Line Impact Heavy Duty Dot Matrix Printers
�
����{� �����#� #<����?��� ������ #��$ ��##� �<�����[` +�� |{��� ��<���� ����_��� \�����]� �_��#����
�������@�#{��[�#<������?����� ����_��� \�����]< ���]���#�{���#�]��[���� ��]��� <��]�������
�����{������#�����<�@<�#{��[�{������#���<��#|#����#<�����_�{_������<�#��{������#�����<�������
�\������� ���#��\�{�����_��{������_����#��������_����<�#������#<����?����[�{��[�����\��<��
�_�?���� \�{ ������#� ���# ��_������_#� �{���������� �|��� �\���{� �����@��= ����?���#< ����?��
��[�]���[�?|��<��`�[[�����<����{������#�#<����<�=��@��{<�]�]�{�?����|���[���|�
�����}���
����}
��[�#{��|���|�?��{�����[�����<��{���������<��{������@�#<����?��?��[���]���������[����
����]���_�#�?��]����[���[�\���#�^_��]���\��=������]��[��@����{�����{_��]�{�]��|�#<����?��
���<�]�����_�_#�{�{���\��[��
�
�������#� ��#< �������]]� {����[�{� �������� ��� ���	}}���]< ���]���#�=������� �}�����������	��� �
�����|��������{�]_�����������{������\�]���������|�]<�]���@�#<����?��_������[��
�
���� {������#� ��_���[� #<���� ?�� {��=�[�[� � � ���<� �� #�{������ {������� ��]��#_��� ��]<�� �<��
��]��#_��#� � �#<����?��[�#�@��[����{������ \_�����]��#_����\� �<��{������#� � ������]��=�������
��=������� ����@��#����[��#�#<����?��_#�[������{� �=�[��=�#_�����#{�]������\��<��{������#���[�
��#���\������[��@��
�
����������]��#_��#�#<����?��[�#�@��[����{����]�� �<��{������#� � � \���� � ��]]�[���������������
]����]����[���]<�#<�_�[���?� �������=�?���\����<��@�#�����<��?�]����[�#<����?��{��=�[�[�
���<�������]������<��\��������
�
}\��������\��<��{������#�\���#������{����������³#��\_�]����#���#<������_������]���|��?������#\����[�
���� <�� ��� <����{ �������� ����_���� \�� <��{ �������# <����?��� �[�]���[������ ��
 �����}���
����}
�³#����������#<����?���\\���[���[�#_{{���[�\������{_��[����_\�]�_�������<� ����#��
{��=���� �]<����@|���� ���#� �\�{�{� �#� #<����? ��{� �=�[�[�?| �?� [[���\ �����]< �{� ������
{��=�[�[����<�#_?©�]��{�������
�
Coloured Laser Jet printer

�
� � �������@��{��[� � ���{{��$����+�
� � ��#��_����� � � �����������[{��
� � �����|� � � ������`�$����+�
� � �������������� � � ������!�`�����{�������[��	�~}����~�����

��<�������`�_������<������\�]��
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� � �_�|�	|]��� � � �������{�@�#�{�������<�
� � ��@�#�#���� � � ����������[�����#{����]|���]�����<��_������]��

[_{����{������@�\�]����|��
�

Laser Jet printer (B & W)
�
� � �������@��{��[� � ���{{��$����+�
� � ��#��_����� � � ������������[{��
� � �����|� � � �����`�$����+�
� � �������������� � � ������!�`�����{�������[��	�~}����~�����

��<�������`�_������<������\�]��
� � �_�|�	|]��� � � �������{�@�#�{�������<�
� � ��@�#�#���� � � ����������[�����#{����]|���]�����<��_������]��

[_{����{������@�\�]����|����{������|�����
�
� � Ink Jet Printers (Coloured)

  �������@��{��[� � ���{{��$����+�
� � ��#��_����� � � ������������[{��
� � �����|� � � ����`�$����+�
� � �������������� � � ������!�`�����{�������[��	�~}����~�����

��<�������`�_������<������\�]��
� � �_�|�	|]��� � � ������{�@�#�{�������<�
� � ��@�#�#���� � � ��������#{����]|���]��
� � �_{����{������@� � �_������]�
� � �

��=��#��#��\�{�����]�����[@�#���[���=�����#��\�{�{��#�#<����?��{� �=�[�[����<���]<�{� ������
{��=�[�[���|�<���� ��� �<��{�����?|�?�[[������<���]<���	�}����	������	�#|#������[�
��|���<���#|#����#{�]�\��[���#��<�������#{�]�\�]�������

�
Preferred makes of printers are HP, Canon, Fuji Xerox, & Epson.

� � �
4.03.03.04.05 External DAT Drive

�<������[��=���#���#������?�]��_{�[�=�]�����<������[��=��#<����<�=�����[~������]�{�?����|�
��[�#<����?��{��=�[�[����<����� ��^_���[�<��[����� �����\�]�� ��]�_[��@�������[���]�������[�
]����]����� \�]������#� �����]< �]�������� ������ �<����{��$ �����������#� +�� \����|�� ����#<����
<�=���<��]�{�]��|��\���~����`�������<����{��[��=��#<����?��#{�]�\��[��#�\�����#���
�
�� �	�[��=����
�� ��{��\���������}	����
�� ���������#\��������£���`~���_����
�� ����������£����������#�]��[�

4.03.03.04.06 Hard Copy Facilities
�
�<��#|#����#<����?��]�{�?����\�]�{|��@�<��[�]�{|��\�
�����}�������}
��@��{<�]#�
�<��_@<���=�[���]���_��]�{����#���]<��?��������|�
�����}�������}
����
�
�<��{������~]�{�����\\���[�#<����?��]�{�?����\�]�{|��@�
�����}�������}
�����@�� ���
���#�]��[#����
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�
4.03.03.04.07 USB Port Pen Drive

�����|���=��$��+�����!�`������{���[��=��{���_����<�=��@�����`������|����<����[~������
\�]����|�#<����?��{��=�[�[���
Preferred makes of USB pen Drive are HP, Sandisk, Kingston, Strontium.

4.03.03.04.08 Scanner, Copier cum Printer (A3 size+�

�
��#��_������ � �� ����������[{��$�{��]��+�$���+�\�����������
� � � � ���������[{��$�{��]��+�$���+�\����]������
	���_����{�<� � �� ���?���
�]����@� � �� ���������� ����� ���]������#�
!�`������\�]��� �� ��^_���[��

� � �����|� � �� ���`�
  �������@��{��[� �� ���{{��$����+�\������#����
� � � � � � ���{{��$���+�\������#����
� � �_{����{������@� � �_������]�

4.03.03.04.09 DVD Writer
�

�<��� ���� ������#< �_�[� ?��]� {�?���� ��� ��[���[ �� �������| �� ��#� �#� ������#� 	�#����[ ���
#<����?��{��=�[�[����<����� ��^_���[� �<��[����� � �����\�]�� � � ��]�_[��@� �������[���]�������[�
]����]�������<�������������#<���������\�������@������_����^_�������#��
�
�� ����������#{��[� �� ����
�� 	��������#{��[� �� ����
�� 	�]<��~�`_\\���#���� �� ��`�
�� `_\\���_�[���{����]�������]<����@|�
�
��=����#� �\�� ���$ ���������?��+�#< ����?��{� �=�[�[� ���<���]< �
 ��~#��=���{� �=�[�[�
��|�<��������<��{�����?|�?�[[������<���]<���	�}����	������	�#|#������[���| ���<���
#|#����#{�]�\��[���#��<�������#{�]�\�]�������
�

4.03.03.04.10 Digital B/W Copier cum Printer (A3 size+�

������ ���� �|{������������������ �������� ��#������?����{�~�����#��
������ ������� �������������|� ������ �����`�$����+�
������ ���� �{��[���������������� ������ ����]<��������{{��������
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4.03.03.05 Lap Top
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Preferred makes of Laptop are DELL, HPCOMPAQ, VAIO (Sony), Lenovo.

�
4.03.03.06 General Specification of the server:
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Preferred makes of OWS & Servers are DELL, HPCOMPAQ, Lenovo.�
�
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4.03.03.07 Industrial grade managed type Ethernet switches
�
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4.05.00 Design Criteria for BOP packages’ Control System
�
�������� Design Criteria for Programmable Logic Controller (PLC) System 
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