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ANNEXURE-VI

MANUFACTURER’S NAME | MANUFACTURING QUALITY PLAN PROJECT
AND ADDRESS ITEM : QP NO.:
REV.NO.: PACKAGE
MFGR.’s SUB-SYSTEM: DATE: CONTRACT NO.
LOGO PAGE: .... OF.... MAIN-SUPPLIER:
AGENCY
CHARACTERISTIC |CLA | TYPE | QUANT | REFERENC | \~ceptan | FORMAT
SL. | COMPONENT & S SS OF Uum E CE OF REMARKS
NO | OPERATIONS CHEC |OF DOCUMEN | yorMS RECORD | M | ¢
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1. |2 3. 4. 5 6. 7. 8. 9. Dlw 4o |11
LEGEND: * RECORDS, INDENTIFIED WITH “TICK” ( ¥
v ) SHALL BE ESSENTIALLY INCLUDED BY CAT.....
SUPPLIER IN QA DOCUMENTATION.
** M: MANUFACTURER/SUB-SUPPLIER
MANUFACTURER/ | MAIN- C: SUPPLIER/NOMINATED INSPECTION AGENCY, [ FOR
SUB-SUPPLIER SUPPLIER N: THE OWNER | THE
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ANNEXURE-VII

SUPPLIER'S NAME AND

FIELD QUALITY PLAN

ADDRESS PROJECT
REV.NO.:
MFGR.’S SUB-SYSTEM . DATE: CONTRACT NO.
LOGO PAGE: .... OF.... MAIN-SUPPLIER:
TYPE | QUANT | REFEREN
SLI ACTIVITY AND ﬁq?rRRﬁﬁnTsENBrlngcs g'I;ASS# OF UM CE ACCEPTANCE | FORMAT OF | REMAR
\o| OPERATION ChECK | CHEC | OF DOCUMEN | NORMS RECORD KS
K CHECK |T
1. [ 2 3 4. 5. 6. 7. 8. 9 D* | 10.
LEGEND: * RECORDS, INDENTIFIED WITH “TICK” (V) DOC. NO.:
SHALL BE ESSENTIALLY INCLUDED BY SUPPLIER IN REV......
QA DOCUMENTATION.
LEGEND TO BE USED: CLASS # A = CRITICAL,
MANUFACTURER/ | MAIN- B=MAJOR, C=MINOR; FOR
SUB-SUPPLIER | SUPPLIER THE
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SIGNATURE ‘A’ SHALL BE WITNESSED BY THE OWNER FQA, ‘B’ | OWNE | REVIEWED APPROVE | APPROV
SHALL BE WITNESSED BY OWNER'S ERECTION /| R BY D BY AL
CONSTRUCTION DEPTT. AND ‘C’° SHALL BE |USE SEAL

WITNESSED BY ERECTION SUPPLIER (A & B CHECK
SHALL BE OWNER CHP STAGE)
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1.0

2.0

CHAPTER - 6
PAINTING
SCOPE

This section defines the technical requirements for surface preparation, selection
and application of paints on equipment, vessels, machinery, piping, ducts etc.
However, manufacturers shall follow their standard procedures for painting their
equipment. The bidder shall submit a detailed painting procedure for approval of
owner/ owner’s representative after the award of contract.

The following surface and material shall require painting:

a. All un-insulated carbon steel and alloy steel equipment like columns,
vessels, storage tanks, pumps, heat exchangers etc.

b. All un-insulated carbon steel and low alloy piping, fitting and valves
(including painting of identification marks).

c. All pipe structural steel supports, walkways, platforms, handrails, ladders etc.

The following surfaces and materials shall not require painting :

. Non-ferrous materials

. Austentic stainless steel

Plastic and / or plastic coated materials

. Insulated surface of equipment and pipes except color coating wherever
required.

e. Painted equipment like blowers, pumps, valves etc. with finishing coats in

good condition and with matching color code.

oo oW

CODES AND STANDARDS

Painting of equipment shall be carried out as per the specifications indicated below
and shall conform to the relevant IS specification for the material and workmanship.

The following Indian Standards may be referred to for carrying out the painting job :

IS:5 : Colours for ready mixed paints and enamels

1S:1303 : Glossary of terms relating to paints

1S:2379 : Colour code for identification of pipelines

1S:1477 : Code of practice for painting of ferrous metals in
buildings (Parts | & II)

1S:2524 : Code of practice for painting of non-ferrous metals

in buildings (Parts | & I1)

1S:2395 : Code of practice for painting of concrete, masonry
and plaster surfaces (Parts | & Il)
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3.0

3.1

1S:2338 Code of practice for finishing of wood and wood based
materials (Parts | & II)

1S:158 Ready mixed paint, brushing, bituminous, black, lead free,
acid, alkali, water and heat resisting.

1S:2074 Ready mixed paint, air drying, red Oxide Zinc Chrome, priming

1S:104 Ready mixed paint, brushing, Zinc Chrome, priming

1S:2932 Enamel Synthetic exterior
(a) Undercoating
(b) finishing

1S:4682 Code of practice for lining of vessels & equipment

SIS 559000 Swedish standard for blasting

ISO 8504-2 Preparation of steel substrates before application of paints and
related products. Surface preparation methods Part 2 Abrasive
blast cleaning

ISO 8501-1 Preparation of steel substrates before application of paints and
related products. Visual assessment of surface cleanliness.
Part 1 : Rust grades and preparation grades of uncoated steel
substrates and of steel substrates after overall removal of
previous coatings.

SIS 05 5800 Surface preparation by acid pickling

SSPC SP08 Surface preparation by acid pickling

IS 2629 Recommended practice for hot dip galvanizing of iron and
steel

ASTM A780 Standard practice for repair of damaged galvanized coatings

SSPC Steel structures painting council

NACE National association of Corrosion Engineers

DIN Deutsehes Institute for Normung

BS British Standard

ASTM American Society for Testing material

AWWA American Water works association

SURFACE PREPARATION

The surface shall be prepared in a manner suitable for coatings. Chemical derusters or
rust converters shall not be applied. Acid cleaning is subject to approval of Purchaser/
Purchaser’s representative.

BLASTING

The surface of the part/ component shall be blasted before the coating material is
applied.

Compressed air supply for blast cleaning shall be free of water and oil. Air compressors
shall not be allowed to deliver air above 1100C. Blasting activity shall be performed at
temperatures 30C above due point and substrata temperature between 50C & 500C
and relative humidity not exceeding 85% shall be maintained during painting.
Necessary safety precautions for equipment and operator shall be adhered to and shall
comply with applicable laws, regulations, ordinances etc., of the local authority, state or
the nation pertains to the work.
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3.2

3.3

Abrasive used for blast cleaning carbon steel and alloy steel shall be as per ISO 8504-2
and SSPC painting manual. Suggested abrasives are chilled iron grit, shot steel,
malleable iron grit and shots of non metallic abrasive (aluminum oxide, copper slag,
garnet etc.).

The grade of blasting shall be performed in line with the approved painting scheme.

The nature, quality and grain size of abrasives and the parameter of their use are to be
chosen to obtain the required surface profile depth and cleanliness.

Surfaces prepared for coating shall be coated the same day and before any visible
rusting occurs (the time elapsed between blast cleaning and commencement pf painting
shall under no circumstances exceed 4 hours, but in any case must commence before
signs of degradation occur).

The grades of surface finish

ISO 8501-1 SIS 055900 SSPC NACE
White metal Sa3 Sa3 SP5 1
Near White | Sa 2% Sa 2v2 SP10 2
metal
Commercial Sa2 Sa2 SP6 3
Blast
Brush off blast | Sal Sal SP7 4

Unless otherwise specified in the documents, the surface shall satisfy the following
requirements after blasting
(a) Blasting according to SIS 055900, Grade Sa 2v-

Primer paint shall be Zinc Silicate of approved brand. Dry film thickness of each primer
coat shall be 15-25 pm.

Manual Rust Removal
Manual rust removal shall be allowed for welded zones and for touching up installed
components.

Cleaning
Removal of impurity
Impurity Removal

a) Dust, Loose deposits Vacuum cleaning, brushing

b) Adhesive deposits Power brushing

C) QOils, greasy impurities Wet Blasting, Use of Detergent Additives by
agreement

d) Salt deposits Rinsing

e) Markings (eg felt up pen) Organic  solvents  to manufacturer’s
specifications eg Trichloro trifluoro ethane
and solvents containing acetone (renew
solvent and rag frequently)

3.4 Acid Pickling

Prior to galvanizing the surface preparation shall be done by acid pickling as per
SSPC-SP-08.
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4.0

4.1

4.2

4.3

4.4

4.5

5.0

6.0

6.1

PROCESSING

General

Application Conditions

The primer shall be applied to properly prepared surfaces only. The specifications of
the coating material manufacturers shall be observed. The minimum temperature
shall be + 5°C and the relative humidity shall not exceed 80%. The temperature of
the work piece shall be at least 3°C above dew point.

Application Procedure

The primer shall be applied by means of brush or by spary. The top coats shall be
applied by means of brush, roller or spray.

At points where coating application is interrupted, the individual layers shall be
adequately stepped to ensure proper layer sequence when coating operations are
resumed.

Touching Up

Before each layer is applied, previous coating shall be touched up where necessary
by way of rust removal and cleaning according coating manufacturers specification.
The final top shall be reapplies completely.

Uncoated Surfaces

Moving parts of machines (e.g stems, shafts, sliding and locating bearings),
nameplates, instruments and sealing surface shall not be coated. Welds shall be left
free of coating upto a distance of 30 mm on each side of the weld edge until erection
and weld examinations, if any, have been completed.

Bond Strength

The pill off stress determined using the pull off test method for adhesion shall not be
less than 1.5 N/mm2, according to ISO 4624.

SURFACE CONDITIONS OF COATING SURFACES

The coating surface shall have a uniform film thickness, shade and gloss and shall
be free from inclusions, sags and wrinkles.

COATING SYSTEMS
General Requirements for Coating Systems
Coating materials according to SSPC, BS 5493 or DIN 55 928 shall be used.

Intermediate coats are to be pigmented with micaceous iron oxide. The materials
shall be matched with each other so that they are compatible. Coatings deviating this
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6.2

specification shall be subject to approval. Standards of surface preparation and
painting shall give a time to first maintenance of 10 years.

The colour and gloss of top coats shall be in accordance with sub clause suggested
colour codes for painting (Sub Clause 6.8 )

Standard Coating System (External Coatings)

(a) Steel Surfaces

(i)

(ii)

All steel structures shall receive two primer coats and two sandwich coat of MIO
Epoxy paint and one finish coat of painting. First coat of primer shall be given in
shop after fabrication before dispatch to erection site after surface preparation as
described below. The second coat of primer shall be applied after erection and
final alignment of the erected structures. Two intermediate coats and one finished
coat shall also be applied after erection.

Steel surface which is to be painted shall be cleaned of dust and grease and the
heavier layers of rust shall be removed by chipping prior to actual surface
preparation. The surface shall be abrasive blasted as explained in clause 3.1 to
Sa 2% finish as per SIS05-5900. Primer paint shall be Zinc Silicate of approved
brand. Dry film thickness of each primer shall be 60 microns.

(iii) Two intermediate MIO Epoxy paint, and one top polyurethane coating of

approved brand shall be applied. Dry film thickness of each intermediate coat
shall be 90 microns and top polyurethane coating shall be 30 microns. The under
coat and finish coat shall be of different tint to distinguish the same from finish
paint. The total dry film thickness shall be 330 microns. All paints shall be of
approved brand and shade as per owner’s requirement.

(iv) Joints to be site welded shall have weldable primer applied within 100 mm of

(v)

welding zone. Similarly where friction grip fasteners are to be used removable
anti corrosive coating shall be provided. On completion of the joint the surfaces
shall receive the paint as specified.

Surfaces inaccessible after assembly shall receive two coats of primer prior to
assembly. Surfaces inaccessible after erection including top surfaces of floor
beams, supporting gratings or chequered plate shall receive one additional coat
of finish paint over the above number of coats specified before erection. Portion
of steel member embedded/ to be encased in concrete shall not be painted.

(b) Gratings and Step Threads

(i

(ii)

Surface Preparation
Gratings and step threads shall be cleared by acid pickling as per SSPC-SP-08
Hot Dip galvanizing

The hot dip galvanizing shall be done as per IS 2629. The average mass of
coating shall be 610 gm/m2.
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6.3

6.4

(iii) Post Treatment

Immediately after galvanizing post treatment such as chromating shall be applied
to retard white rust attack.

(iv) Touch up mechanical damages

The repair of damages coatings shall be done as per the recommended practice
ASTM A780.

Painting of Indoor components such as valves, pumps, motors, electrical
parts, tanks etc.

At Works

Surface Preparation

Blasting according to SIS 055900 grade Sa 2%.. Depending on production flow, a
weldable, inorganic ethyl zinc silicate shop primer of minimum dry film thickness
25 um may be used.

Prime Coat

Two (2) layers of Zinc phosphate epoxy, total dry fim thickness 75um.

At Site

Thorough cleaning to remove oil, grease, dirt and any other contaminants.
Derusting of all mechanical damages according to SIS 055900 Grade ST3. Touch
up with dry film thickness 50 pm.

Finish Coat

Application of two (2) finishing coats of chlorinated rubber paint in approved
shades at 30-40 microns DFT each coat in approved shades.

Remarks
Equipment coated with a standard application system can be accepted if the
guality of this application system is corresponding with the quality of the above

mentioned system.

Painting of Outdoor equipment (external surfaces) such as piping, valves,
pumps, motors, electrical parts, tanks etc.

Weather exposure, weather resistance, temperature upto 120°C as per clause
6.1 & 6.3. However

Surface Preparation
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6.5

Blasting according to SIS 055900 grade Sa 2%. Depending on production flow, a
weldable, inorganic ethyl zinc silicate shop primer of minimum dry film thickness
15-25 um may be used.

Prime Coat

Two (2) layers of Zinc phosphate epoxy, total dry fim thickness 75um.
Intermediate Coat

One (1) layer 2 pack high build epoxy polyamide MIO, DFT 100um.

Finish Coat

Application of two (2) finishing coats of chlorinated rubber paint in approved
shades at 50 microns DFT each coat in approved shades.

Special Coating
(a) Parts exposed to temperatures above 120°C, upto 200°C, not insulated
(i) AtWorks
Surface Preparation
Blasting according to SIS 055900 grade Sa 2% and I1ISO 8501-1:1958.
Depending on production flow, a weldable, inorganic ethyl zinc silicate
shop primer of minimum dry film thickness 15-25 um may be used.
Prime Coat
Inorganic ethyl Zinc silicate, total dry fim thickness 75um.
(i) At Site
Pretreatment
Dersuting of all mechanical damages, according to ISO 8501-1:1989,
grade St 3 touch up with 1 pack inorganic ethyl zinc silicate, dry film
thickness 50um.
Intermediate Coat
| pack silicon acrylic dry film thickness 35 pm.
Final Coat
1 pack silicon acrylic, dry film thickness as 35um.

Total system dry film thickness 145um.
Final coat according to colour code.
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(b) Parts exposed to temperatures above 200°C, upto 400°C, not insulated

(€)

(i)

(ii)

At Works

Surface Preparation

Blasting according to ISO 8501-1:1958 grade Sa-2Y%. Depending on
production flow, a weldable, inorganic ethyl zinc silicate shop primer of
minimum dry film thickness 15-25 um may be used.

Prime Coat

Inorganic ethyl Zinc silicate, total dry film thickness 75um.

At Site

Pretreatment

Derusting of all mechanical damages, according to standard Sa 2% to

ISO 8501-1:1988. Touch up with coating system according to
manufacturer’'s recommendations.

Insulated parts continuously exposed to condensing water or parts
exposed to temperatures

For parts that are provided with insulation on site.

(i)

(ii)

Insulated parts exposed to condensing water

At Works

Surface Preparation

Blasting according to Sa 2% to ISO 8501-1:1988. Depending on
production flow, a weldable, inorganic ethyl zinc silicate shop primer of
minimum dry film thickness 15-25 um shall be used.

Prime Coat

Inorganic ethyl Zinc silicate, total dry film thickness 75um

Insulated parts exposed to temperatures

Parts exposed to temperatures upto < 400°C

Surface Preparation

Blasting according to Sa 2% to ISO 8501-1:1988. Depending on

production flow, a weldable, inorganic ethyl zinc silicate shop primer of
minimum dry film thickness 15-25 um shall be used.
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Parts exposed to temperature above 400°C at works (Steam pipes,
pressure tubes and parts for the HRSG, such as heating surfaces,
heaters and superheaters, reheaters etc)

Temporary Primer

Varnish

(d) Intermittent exposure due to condensing water/ chemicals (Indoors)

(i)

(ii)

At Works
Surface Preparation
Blasting according to Sa 2% and ISO 8501-1:1988. Depending on
production flow, a weldable, inorganic ethyl zinc silicate shop primer of
minimum dry film thickness 15-25 um may be used.
Prime Coat
Two layers of Zinc phosphate primer, total dry fim thickness 75um.
At Site
Pretreatment
Dersuting of all mechanical damages, according to standard Sa3 to
ISO 8501-1:1988, touch up with 2 pack high build epoxy with volume
solid content of more than 85%, 75um.
Intermediate Coat
2 pack high build epoxy, dry film thickness 80 pm.
Finish Coat
2 pack silicon acrylic, dry film thickness of 50um.

Total system dry film thickness 205um.

When exposed o weathering, weather resistance finish coat shall be
applied.

(e) Water Exposure

(i)

At Site/ Works
Pretreatment

Removal of all welding pearls.
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6.6

6.6.1

Blasting according to Sa 3 to ISO 8501-1:1988

Coat
4 coats 2 pack coal tar epoxy, dry film thickness 125 pm each.

Total system dry film thickness 500um
Touch up after erection as required.

Painting of Pipes

Buried Piping

Internal surfaces

(i)
(ii)

(iii)

Surface cleaning by sand blasting.

Two (2) coats of epoxy primer coats. The minimum DFT of each coat shall
be 35 microns.

Finish coat-Two (2) coats of high build epoxy paint. The minimum DFT of
each coat shall be 35 microns.

The total dry film thickness of 150 microns.

Note : All steel pipes carrying sea water shall be internally coated with

corrocoat/ polyurea coating having thickness 1500 DFT.

Tests to be carried out after application : Bond/ Adhesion test, Holiday test

External surfaces

(i)
(ii)

(i)

Surface cleaning by Sand Blasting.

Coal tar primer compatible with coal tar enamel grade. The number of coats
shall be two with a DFT of 35 microns each.

Coal tar enamel shall be applied. A single spiral inner wrap of glass fibre
tissues shall be applied overlapping at least 25 mm ensuring impregnation of
glass fibre tissues in the first coat. The second coat of enamel and second
outer wrap of glass fibre felt, Type — 1 to IS: 7193-1974 will be applied in the
same way confirming to Table — 10 of IS — 10221 — 1982.

The total thickness of the coating will not be less than 4.0 mm

(iv) Alternatively Wrapping with coal tar based anticorrosion tape conforming to

IS 15337: 2003 is also acceptable in lieu of s.no. (iii) above. Wrapping
thickness shall be 4.0 mm.
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6.6.2

6.7

6.7.1

Tests to be carried out after application : Bond/ Adhesion test, Holiday test
Overground Piping

Internal surfaces

(i) Surface cleaning by sand blasting.

(i) Two (2) coats of epoxy primer coats. The minimum DFT of each coat shall
be 35 microns.

(i) Finish coat-Two (2) coats of high build epoxy paint. The minimum DFT of
each coat shall be 35 microns.

The total dry film thickness of 150 microns.

Note : All steel pipes carrying sea water shall be internally coated with
corrocoat/ polyurea coating having thickness 1500 DFT.

External surfaces
(i) Surface cleaning by Sand Blasting.

(i) Two (2) coats of epoxy primer coats. The minimum DFT of each coat shall
be 35 microns.

(i) Finish coat-Two (2) coats of high build epoxy paint. The minimum DFT of
each coat shall be 35 microns.

Internal Coatings

Tanks (Internal surfaces) as specified in relevant sections of specification
Industrial deionised, demineralised and potable water upto 60°C pH range 4.5-9.5
Blasting according to Sa 2% and 1SO 8501-1:1988.

Prime Coat

Two layers of Zinc phosphate epoxy primer, total dry fim thickness >75um.
Pretreatment

Dersuting of all mechanical damages, according to standard Sa3 to ISO 8501-
1:1988, touch up with 2 pack high build epoxy with volume solid content of more
than 85%, 75um.

Intermediate Coat

2 pack high build epoxy, dry film thickness 80 um.
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Finish Coat
2 pack silicon acrylic, dry film thickness of 150um per coat.

In case of service or potable water tanks, the coating material selected shall not
taint the water. The paint system shall confirm to regulations issued by Food &
drug administration/ National Public Health service/ AWWA/ OSHA and comply
with applicable laws, regulations, ordinances etc. of the local authority, state or
the nation pertains to work.

QA/ QC Procedure including pinhole inspection, shall be submitted for approval
by Owner/ Owner’s representative.

6.6.2 Rubber Lining of Pipes, Valves and Tanks for DM Water
Pretreatment
Blasting according to Sa 2% and 1SO 8501-1:1988
Rubber Lining
Hard rubber 5 mm for DM water applications as IS — 4682

6.7 Painting for Electrical items

6.7.1 All the steel work shall be thoroughly cleaned of rust, scale, oil, grease, dirt and
swarf by pickling, emulsion cleaning etc. The sheet steel shall be phosphate/
oven dried and then painted with two coats of zinc rich primer paint. After
application of the primer, two coats of finishing epoxy paint shall be applied. The
colour of the finishing coats inside shall be glossy white and exterior of the
treated sheet steel shall be shade 631 of 1S-5/ RAL 7032 for all switchboard/
MCC/ Distribution boards, control panels etc.

6.7.2 All electrical equipment shall be given tropical and fungicidal treatment and
outdoor equipment shall be provided with rain hood to prevent entry of rain water
into the equipment.

6.7.3 Painting of | & C equipment : Epoxy coating required for all | & C equipment.

6.8 SUGGESTED COLOUR CODES FOR PAINTING

SL. ITEM/SERVICE COLOUR I1S-5 COLOUR I1S-5

NO. (BAND)

1. Structures, platforms, | Dark 632 - -

galleries, ladders  and | Admirality
handrails Grey
2. Boiler casing, ducting Nut Brown | 413 - -
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SL. ITEM/SERVICE COLOUR IS-5 COLOUR IS-5
NO. (BAND)
3. Crane
3.1 Crane structure Golden 356 Black -
Yellow
3.2 Trolley & hook Crimson 540 - -
Fans, pumps, motors, | Light Grey | 631 - -
compressors
5. Tanks (without insulation
and cladding)
5.1 Outdoor Aluminium | - - -
5.2 Indoor Light grey 631 - -
6. Vessels & all other | Light grey 631 - -
proprietary equipment
(without insulation &
cladding)
7. Switchgear Light grey - -
(Powder
coated)
8. Control & relay panels Light grey 631/70 | - -
(Powder 78 of IS
coated) 1650
9. Turbines Light Grey | 631 - -
10. Generators & Exciter Light Grey | 631 - -
11. Transformers Aluminum - - -
12. Machinery guards Signal red 537 - -
13. Piping (without insulation
and cladding)
13.1 | Water System
a Boiler feed Sea Green | 217 - -
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SL. ITEM/SERVICE COLOUR IS-5 COLOUR IS-5
NO. (BAND)
b Condenstae Sea Green | 217 Light Brown | 410
c DM Water Sea Green | 217 Light Orange | 557
d Soft Water Sea Green | 217 French Blue | 166
e Bearing Cooling Water Sea Green | 217 French Blue | 166
f Potable & filtered Water Sea Green | 217 French Blue | 166
g Service and clarified water | Sea Green | 217 French Blue | 166
h Cooling water Sea Green | 217 French Blue | 166
I Sea Water Sea Green | 217 White -
14, Ash Transmitting Vessels | Aluminium | - -
and pipe lines
15. Air System
15.1 | Station air Sky blue 101 - -
15.2 | Control air Sky blue 101 White -
16. Oil system
16.1 Fuel oil Light brown | 410 French 166
16.2 Light oil (HSD) Light Brown | 410 Brilliant 221
green
16.3 | Lubricating oil Light brown | 410 Light grey 631
16.4 | Transformer oil Light brown | 410 Light orange | 557
17. Gas System
17.1 | Carbon dioxide Canary 309 Light grey 631
yellow
17.2 Hydrogen Canary 309 Signal red 537
yellow
18. Fire services Fire red 536 - -
19. Effluent pipes Black - - -
20. Vacuum pipes Sky blue 101 Black -
Notes :

1. This colour code basically refers to 1S:2379 for piping with necessary modifications
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Where band colour is specified, same shall be provided at 30 meter intervals on long
uninterrupted lines and also adjacent to valves and junctions.

Bidder shall furnish his painting specification to suit corrosive atmosphere of coastal

area along with the bid. The specification shall in general be in line with the above
requirements.
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CHAPTER 32

32.00.00 LAYOUT REQUIREMENT

32.01.00 The general layout criteriato be adopted for this project are indicated below.

10.

11.

Minimum clear working space around equipment : 1200mm

Clear Head room within Main Plant Building for pipes, ducts : 2.5 m (Minimum)
structures & cable trays etc.

No. of Fire Escape staircases in the main : Min-4 Nos. per unit - However the
plant with fire doors at each landing number shall meet the requirement
of insurance companies.

Adequate space for handling/removal of pumps, heaters, heat-exchanger, fans, Mills, during
maintenance.

Independent floor drains with separate down comers shall be provided where sprinkler
system are provided.

Valves in the Bidder’'s scope shall be located in accessible positions. All piping shall be
routed at a clear height of 2500 mm (min.) from the nearest access level to clear man
movement.

Provision of monorail beams with chain pulley blocks/HOT cranes along with hoists, as
required shall be decided during detailed engineering stage and are in bidder scope.

Approach for removal of equipment for maintenance shall be provided.

A/C and Ventilation ducts, Bus ducts, and Critical Piping routes to be identified at conceptual
stage.

Fuel oil (F.O) piping shall be routed over trestles. The headroom for F.O. Trestle in
Boiler/ESP area shall be 8.0M till the road behind chimney as per the layout requirement.
The headroom for F.O. trestle in outlying area shall be 3.0M except at rail/road crossing
where the headroom shall be 8.0M. F.O. trestle legs or supports shall be located so as to
clear the road spaces, approach to maintenance bays of different equipment buildings
located in the route of F.O. trestle.

Routing of cable trays & piping

i) Trestle height in outlying area : 3 Meters(BOS/BOP)

ii) Trestle height from C-row to road : 8 Meters(BOS/BOP)
Behind chimney /in front of XFMR
Yard Boiler/ESP area

iiil) Cable/ Pipe trestles height at rail/ road crossings shall be 8M. (BOS/BOP)

iv) Head room below cable / pipe rack in transformer yard area for movement of spare
GT shall be 12.0 Meters.

V) A walkway with hand rails & toe guards of 600mm (minimum) width shall be provided
all along length of the trestle for maintenance of cables & pipes. Ladders for
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12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

approach to these platforms shall be provided near roads, passage ways and turning
points.

vi) At the crossing of pipe/ cable trestles with the dry ash pipe rack/CHP cable rack
trestle, pipe/ cable trestle shall be locally raised to provide a head room of 2.5 M over
the walkways of dry ash pipe rack/CHP cable trestles.

vii) Head room below cable/pipe rack along Mill bay shall be 12.0 Meters.
viii) Head room for man movement shall be 2.5 m at ground floor, over all platforms etc.
iX) Minimum clear hand space required for

a) The application of thermal insulation 100 mm

b) Welding work 150 mm
c) Bolt tightening 150 mm

Piping in main plant area (i.e. boiler/ESP/ID fan/chimney/transformer yard) shall be routed
above ground on trestles with a height of minimum 8M. Further, piping in outlying area shall
be routed over trestles with a height of 3M. However, height of trestles at approach roads to
various buildings/ facilities shall be 8M.

Fire water piping within the Plant boundary shall be routed above ground on pedestals.
However, fire water pipes in Main Plant Island shall be routed in trenches filled with sand and
covered with pre cast RCC covers. Fire water pipes shall be protected in main plant area as
per TAC requirement. Fire water piping at road crossing shall be encased/culvert. Fire water
pipe at rail crossing shall be on trestle of BOS 8M height from rail top.

All other safety requirements as per the factories act, National Electricity code shall be
observed while developing the layout.

Insulation of equipment/piping for personnel protection is to be provided if the temperature
exceed 60 deg C.

Chequered plate edges should have continuous supports/ stiffeners.

Each equipment room shall be provided with alternate exits in case of fire /accidents as per
requirements of factory act and TAC.

Each building shall have an identified vacant space for equipment unloading and
maintenance and preferably a separate bay altogether in buildings housing heavy
equipment. Provision for handling equipment by monorail hoist and/or overhead crane shall
be made as specified.

Cubicle for operating personnel shall be located for all buildings at safe place near the
equipment.

All buildings shall have provision for toilet and associated effluent discharge system together
with facility for drinking water. The criteria for ventilation, fire protection and illumination of
building spaces specified elsewhere in this specification shall be complied with.

All gratings shall be of electro forged type with adequate bearing & locking on the supporting
structure.
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23.

24.

25.

26.

27.

28.

29.

30.

31.

32

33

Approach to all elevated structures like Fans, Pumps, etc shall be through steel stairs with
gratings & hand rail.

All cranes shall be provided with approach rung ladders at least at two places. Where ever
cranes can't be maintained in situ on the carriage, facility to draw them to maintenance
platforms as well as provision of suitable platforms shall be considered.

All fresh air ventilation louvers shall be 1000 mm from floor level and directed downward at
an angle.

The VFD control equipment and transformers for ID fan shall be located along with the ESP
control equipment in the ESP/ VFD control room.

Three (3) nos. of staircases per ESP of each unit shall be provided. Two (2) nos. of the
staircase shall be located on the inlet side and one (1) no. on the outlet side of ESP.

The grating platform shall be provided in oil equipment room, control fluid room and valve
room.

Approach platform shall be provided from ESP outlet to ID fan suction gate.

Minimum access opening required 3.5M wide x 4M high or, (with rolling shutter)
transportation wherever entry of truck, for material more depending upon this envisaged
equipment size to be handled.

Toilet and drinking water facility required in all buildings and on all floors wherever operating
personnel are to be deployed.

Local Pits/trenches in Main Plant building are to be avoided. However pits/sumps which are
unavoidable such as CW (Circulating Water System) pits etc shall be provided with required
dewatering arrangements by means of drainage pumps and piping upto the nearest drainage
network. Bidder shall provide required sump pumps/drainage pumps/submersible pumps &
Piping etc.

Pump shall be permanently fixed in the pits/sumps. If the pit depth is shallow, vertical top
mounted sump pumps shall be provided and in deep pits self priming drainage pumps
(horizontal type) at floor level or alternatively submersible type pumps may be provided.

Each pit/sump shall be provided with two numbers (2 x 100% Capacity) of respective type
pumps so that the entire pit is evacuated within 15-20 minutes and the operation of the
pumps shall be interlocked through level measurement devices to be installed in the pit/'sump
so that the pumps shall start automatically and empty the pit.
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33.1

33.2

33.2.1

CHAPTER-33

POWER CYCLE PIPING, VALVES, FITTNGS & TEHRMAL INSUALTION

POWER CYCLE PIPING, VALVES, FITTINGS & THERMAL INSULATION

This section covers all the power cycle piping, valves and specialties which connect
the different equipment like the boiler, turbine, condenser, pumps, heaters etc. to
make the power cycle complete and thermal insulation to be provided for the power
plant.

PERFORMANCE REQUIREMENT

The piping system acts as the pressure boundary for the fluid in circulation,
water and steam in this case, which is subject to high pressure, temperature,
change of phase and various types of transient and steady state operation. All
the piping systems supplied shall be designed to operate without replacement
and with normal maintenance for a plant service life of 30 years and shall
withstand to the maximum sustained load.

Line Sizing

Pipelines shall be selected such that the velocity of fluid in pipes does not exceed the
following limits under conditions of maximum possible volumetric flow:

Steam

(i) Superheated Steam : 60.0 m/s
(ii) Saturated Steam : 30 m/s
(iii) Wet Steam/ Exhaust Steam : 30 m/s
(iv) Auxiliary Steam : 50 m/s
(v) Main Steam Hot & cold reheat piping 100 M/s
(Vi) HP Bypas Upstream : 125 m/s
(vii) HP Bypass Downstream : 100 m/s
(viii)  LP Bypas Upstream : 100 m/s
(ix) LP Bypass Downstream : 125 m/s
Water

(i) Pump suction 1.0 m/s
(ii) Pump delivery 2.5 m/s;
(iv) Feed Water discharge 4-6m/s
(v) Feed Water Suction 2-3mls
(vl) Condensate Discharge 3-5m/s
(vii) Condensate Suction 1.5 m/s
Oil

(i) HFO, HSD 2mls

WILLIAM & HAZEN formula shall be used for calculating the friction loss in piping
systems with the following “C” value.

i) Carbon steel pipe 100
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33.3

i) Cl Pipe/Ductile Iron 100
iii) Rubber lined steel pipe 120

iv) Stainless steel pipe 100

For calculating the required pump head for pump selection, at least 10% margin shall
be taken over the pipe friction losses and static head shall be calculated from the
minimum water level of the tank/sump/reservoir from which the pumps draw water.

CODES & STANDARDS

The design, manufacture and performance of the LP Piping System
specified hereinafter, shall comply with the requirements of the following
codes and standards and shall include all the latest amendments
ASME-B31.1: Code for Power Piping

ASME-B16.5 : Pipe Flanges & Flanged Fittings

ASME-B16.9 : Factory-Made Wrought Steel Butt-Welding Fittings ASME-

B16.10 : Face to Face and End to End Dimension of valves. ASME-
B16.11 : Forged Steel Fittings, Socket-Welding and threaded
ANSI B-16.25: Butt Welding Ends.

ASME-B16.34: Valves — Flanged, Threaded and Welding End

ASME-B36.19 : Stainless Steel Pipe

IBR : Indian Boiler Regulations (Latest Revision)

IS-1239 :  Carbon steel tubes, tubularand other w rought
steel fittings.

1S-3589 . Seamless or Electrically welded steel pipes for
water, gas and sewage.
1S-11428 . Specification for Wrought Carbon Steel butt weldingpipe
fittings.
IS- 4736 . Hot-dip Zinc coatings on Carbon steel tubes.
IS- 2062 :  Steel for general structural Purposes - Specification.
IS- 4682 . Code of practice forlining of vessels and equipments for

chemical processes: Part 1 Rubber lining.

ASTM A312 : Standard Specification for Seamless, Welded, and
Heavily Cold Worked Austenitic Stainless Steel Pipes.
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33.4.1

ASTM A403 : Sandard Specification for Wrought Austenitic Stainless
Steel Piping Fittings.

API-594 : Check valves: Flanged, Lug, Wafer and Butt-welding.
API-598 . Valve Inspection and Testing
API-600 : Bolted bonnet steel gate valves for Petroleum and

natural gas industries.

API-602 :  Compact Steel Gate Valve — Flanged, Threaded,
Welding and Extended Body Valves.

BS- 1873 . Steel Globe and globe stop and check valves ( flanged
and butt-welding ends) for Petroleum, Petrochemical and
allied industries.

BS- 1868 . Steel check valves (flanged and butt-welding ends) for
Petroleum, Petrochemical and allied industries.

IS 12709 : GRP pipes, joints and fittings for use for potable water supply

IS 14402 : GRP pipes, joints, and fittings for use for sewerage, industrial

waste and water.
ANSI/AWWA C950-07: AWWA Standard for Fiber Glass pipes.

AWWA M45  : AWWA manual of water Supply & Fiberglass Pipes Design.

Design, fabrication, assembly and testing of pipes, fittings shall generally
conform to the requirements of ANSI B-31.1. But the portions, which come
under the purview of Indian Boiler Regulations (IBR), shall completely comply
the requirements of IBR, as a minimum.

Any other internationally accepted codes and standards are also acceptable.
However, the compliance of ANSI codes and IBR will be considered as
minimum for acceptance of the piping and all appurtenances.

Scope of Supply

Scope shall include all piping, valves & specialties as indicated in
Annexure-l.of this chapter as a minimum. However all piping as required for
the completeness of the system shall be supplied.

In general, the equipment and materials to be supplied under this
specification shall include, as a minimum:

a. Supply of all power cycle piping including bends, elbows, tees,

branches, laterals, crosses, reducing union, couplings, caps, saddles,
shoes, flanges, blank flanges, Y-pieces etc as required.
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Matching pipes, matching pieces like reducers/enlargers etc, counter
flanges with bolts, nuts, washers, temporary and permanent gaskets,
threaded union etc.

The pipe spools shall be supplied along with necessary test certificates
of the pipes, after necessary machining to the required bore, for
assembly of flow nozzle element. The assembled flow nozzle shall be
installed in the piping system. Additional length of pipes equal to length
of all fully assembled flow nozzle & orifice plates pipe piece shall be
supplied and the same shall also be erected prior to cleaning of the
pipes by flushing or steam blowing or chemical cleaning or both. After
completion of cleaning of piping, the assembled flow nozzles shall be
erected replacing the temporary pipe spools.

All motorised valves, manually operated isolating and regulating valves,
non- return valves, steam traps, relief/safety valves, strainers, pressure
reducing orifices, expansion joints and other flexible connections,
complete with the counter flanges and matching connecting pieces as
required within the entire power cycle piping system.

Anchors, hangers and supports, vibration dampeners, restraints, shock
absorbers etc as required.

Any platform necessary for maintenance and operation of valve and
equipment located 1.5 m above any permanent floor including access
ladders, supporting structures etc.

All secondary structural steel members required for pipe supports from
building steel structures and from embedded steel including pipe
supports in trenches.

Funnels, tundishes for drips and drains including all miscellaneous drain
piping and drain piping from tundish outlet up to drain points. All drain
and vent lines shall be conveniently terminated either in Blowdown
tank/flash tanks or permanent drain trenches of the Power Station. All
steam and saturated water open drains shall be drained through a water
seal in drain funnels/tundish with a water connection in funnels/tundish
for maintaining water seal level in them. All oily effluent drains shall be
separately routed and connected to separate pit.

For the isolation and check valves located on the main steam, hot
reheat, cold reheat, L.P. bypass and extraction lines, suitable line drains
shall be provided just upstream and downstream of each of these
valves. No drain is needed at the downstream of L.P. bypass isolation
valve. Each of these drains shall be independently led to the condenser
with branching off to atmosphere.

Line drains from Main Steam, Hot Reheat, Cold Reheat, L.P. bypass &
high pressure (above 40 kg/cm?) extraction lines shall be provided with
double isolation valves in series for each branch - each located at the
two extreme ties of the line drain route. The valve near the condenser
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33.4.3

33.4.4

33.5

shall be motorised one. The balance line drains shall be provided with
only one isolation valve for each branch.

Bolts, nuts, washers, temporary and permanent gaskets, fasteners as
required for interconnecting piping, valves & fittings.

Complete insulation material for piping, valves, specialties & auxiliary
equipment specified in this specification and as called for in the
specification for thermal insulation.

Painting of all piping, valves & specialties at site. Coating and wrapping
for buried pipes.

Bidder shall furnish his own technical details of piping, valves, specialties and
accessories along with his offer.

Following general requirements shall however be considered:

(@)
(b)

(9)

Instrument Connections

Pipe stubs and blanking plates required for chemical cleaning and hydro
testing.

Flanges, spool pieces, gaskets, ring joints, jointing materials, aluminium
and stainless steel forged marking plate and temporary piping for steam
blowing.

Drain/drip pockets on steam piping as per stipulation of ASME TDP —
Volume | and general requirement.

Expansion marker for high temperature steam lines.

Fine threaded Radiography holes with stubs and suitable matching
plugs which shall be finally seal welded for piping, more than 25 mm
nominal thickness.

For conducting performance test of Turbo-Generator and Boiler, the
required pressure, temperature, flow measurement points shall be
provided.

Provision for creep measurement on the piping operating in creep
region.

Electrodes and filler wires required for stainless steel and alloy steel welding
during shop fabrication at works and erection/installation at site.

All temporary pipes and accessories, supporting arrangement for cleaning,
flushing and steam blowing of the main steam, cold reheat and hot reheat
piping including HP/LP by pass piping and auxiliary steam piping.

SCOPE OF SERVICES
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f)

g)

The Contractor shall design the piping system and perform necessary
stress analysis of all piping and dynamic analysis as necessary for the
piping systems shown in Annexure-| of this chapter as a minimum.

For stress analysis purpose, individual piping systems shall be
considered up to the anchor points (location to be decided during detail
engineering). All anchors coming within the piping are to be designed,
supplied and erected by the Contractor.

Stress analysis and hanger selection for all piping specified else where,
including piping attachment for hangers/supports, all auxiliary supporting
structures are included in the scope of the Contractor.

The Contractor shall submit the design calculations for pipe sizing,
thickness with specified diameters of pipes and stress analysis data to
Owner/Engineer for review/ reference/records. Pressure drop
calculation for main steam, cold reheat and hot reheat piping shall be
submitted by the Contractor to show the adequacy of pipe sizes to meet
steam parameter at turbine inlet.

Preparation of detailed fabrication drawings (isometric) of shop
fabricated piping which are of size 50 NB and above should be based
on the "Released for Construction" drawings pertaining to power cycle
piping layout prepared by the Contractor.

"As built" drawings of the power cycle piping layout shall also be
prepared by the Contractor based on any layout modifications made at
site over "Released for Construction Drawings".

The Contractor shall design and detail all piping supports including
restraints, guides, stops, snubbers, dampers etc based on the final
stress analysis and hanger load data. The Contractor's design of all
supports shall be submitted to the Owner/Engineer for review.

The Contractor shall furnish separate sketches for each support,
restraint, anchor, snubber, dampers, spring hangers etc. These
sketches shall include the location with reference to column
co-ordinates, identification number, bill of material, design loads,
operating load, spring stiffness, amount of spring pre-compression etc
and method of attachment to the pipe and steel structure.

In order to ensure that all piping, supporting elements, anchors and
restraints have been installed and adjusted in accordance with the
drawings and other written instructions of the Contractor, the hangers
associated with the main steam, hot reheat, cold reheat, HP & LP
by-pass, feed water, auxiliary steam piping etc. shall be inspected as
follows :

= After hydro test, with the piping in the cold position, with all travel

stops removed, with the pipe completely insulated and in all
respects ready for start-up.
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= Piping in the hot position, with the unit operating at maximum load.
= Piping in the hot position after 6 months of operation.

= Piping in the cold position during first complete shutdown after at
least 6 months of operation.

The contractor shall depute his personnel for this purpose to site if the
plant is officially handed over to the owner before such inspection after 6
months of operation.

At the time of each inspection, the Contractor shall determine the
necessity for revision, adjustment or replacement of pipe supporting
elements, restraints and anchors. Any changes proposed shall be
incorporated by the Contractor after Owner’s/Engineer's concurrence.

All shop tests satisfying the requirements of Indian Boiler Regulations
(IBR), ANSI standards, the standards enumerated herein and/or as
specified.

Furnishing drawings, data, design calculations, stress analysis results.

Furnishing certified copies of test results for all tests and examinations
specified in the specification and for the mandatory tests and analysis
required by the ASTM material specification, for the materials used for
piping and the pressure parts of the valves.

Obtaining approval from Chief Inspector of Boilers as per Indian Boiler
Act, including the following:

e For all pipelines coming under the purview of Indian Boiler
Regulations (IBR), necessary approval of the design and layout
drawings shall be obtained from the Chief Inspector of Boilers and
furnished to the Owner/Engineer. Necessary certificates of design,
manufacture and tests in specified Form of IBR, for each fabricated
pipe with proper identification shall be submitted.

e For fittings and specialties, viz. valves, flanges, traps and other
specialties etc of all pipelines coming under the purview of IBR,
Certificate of design, manufacture and tests in specified Form of IBR
with appropriate identification shall be furnished to the Owner/
Engineer.

o Erection & testing of the pipe lines coming under the purview of IBR
shall meet all the requirements of IBR and certificate of manufacture
& tests in specified Form of IBR, for each of the erected pipe lines
shall be submitted to the Owner/Engineer prior to the application of
insulation and/or flushing the line before commissioning.

Steam blowing or chemical cleaning of piping systems, as specified.
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33.6.1

33.6.1.1

0) Omission of specific reference to any item or material or work which is
necessary for completion of the piping systems shall not relieve the
bidder of the responsibility of furnishing all material and services for a
complete installation satisfying the operational and other requirements
stated in the specifications.

Drawing indicating the layout of pipe work shall be prepared in line with the
flow diagrams and shall be provided as part of the Contract. These drawings
shall indicate the position of all supports, guides, restraints and anchors; all
drain and vent connections and the position of all pipes. All piping systems
shall be arranged to allow adequate falls in the direction of flow, except where
otherwise approved by the Engineer. At the points of drainage, drain pockets
of ample size and approved construction shall be fitted as per details
indicated in the enclosed drawings.

POWER CYCLE PIPING
EQUIPMENT SIZING CRITERIA

(a) All the piping systems and equipment supplied shall be designed to operate
without replacement and with normal maintenance for a plant service life of 30
years and shall withstand the operating parameters fluctuations and cycling
normally expected during this period.

(b) The design engineering erection testing etc. of the complete piping systems shall
be to the requirements of power piping code ASME B 31.1. in addition to this,
requirements as laid down in Indian Boiler Regulations (latest edition) shall also
be met completely.

PIPE SIZING

(a) Inside diameters of piping shall first be calculated for the flow requirement of
various systems. The velocity limits for calculating the inside diameters are
indicated in clause 33.2.1.

(b) Inside diameters thus calculated for various piping systems shall be checked for
the allowable pressure drop as per HBD'’s.

(c) Pipes shall be sized for the worst (maximum flow temperature & pressure values)
operating conditions for each system considering the maximum occasional
pressure & temperature variations. In case of BFP suction sizing “transient
analysis” shall be carried out for optimum sizing of the system in order to
establish the pipe inside diameter for minimum pressure drop in system to match
with pump NPSH requirement under worst operating conditions. The design
pressure of MS piping system from superheater outlet header upto and including
boiler stop valve shall not be less than the design pressure of superheater outlet
header,

(d) The design pressure for BFP discharge piping upto and including downstream
valve at feed regulating station (FRS) shall be selected such that the minimum
calculated thickness for various pipes at design temperature is sufficient for the
following conditions, considering allowable stresses as per ASME B 31.1.
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33.6.2

33.6.3

e Discharge pressure corresponding to turbine driven BFP trip speed at shut off
head flow condition, if TDBFFP characteristics is governing for calculation of
boiler feed discharge piping design pressure.

e Discharge pressure corresponding to motor driven BFP trip speed (frequency
51.5 Hz) at shut off head flow condition, if MDBFFP characteristics is governing
for calculation of boiler feed discharge piping design pressure

However bidder may consider 20% higher stress as per the provision of ASME B 31.1
(for the piping upto downstream valve at feed regulating station only) for which the
requirement of special provision as per stipulation of clause no. 520 of IBR shall be
met as a must by the bidder. The valve rating in such case shall be arrived at based
on design pressure calculated as per above.

(e) The design pressure of boiler feed discharge piping at downstream of FRs shall
be 105% of pressure corresponding to the emergency point of BFP operation.
However pressure relief valve across the HP heaters shall be provided so that
piping & valves beyond feed regulating station are not subjected to shut off head
condition.

Inside diameters this calculated for various piping systems shall be checked for the
allowable pressure drop. Pressure drop in the main steam line shall not be moré than
90% of the allowable pressure differential between superheater outlet header and HP
turbine inlet valves at BMCR. Similarly combined pressure drop in cold & reheat
piping will not exceed 90% of the pressure differential between HP turbine exhaust
and IP turbine inlet valves minus pressure drop in reheater. The pressure drop in the
complete reheat line from HPT exhaust to IPT inlet shall not be more than 10% of the
pressure at HPT. Wherever possible 5/6 dia radius bends will be used to minimize the
pressure drop. Pressure drop in CRH NRV shall be considered as furnished by
supplier for calculating the pressure drop in the reheat circuit.

MATERIAL SELECTION

Piping system shall be of carbon steel for design temperature upto 400 Deg C and
alloy steel for design temperature beyond 400 Deg C.

PIPE WALL THICKNESS

Thickness calculation shall be made on the basis of procedure and formula given in
ANSI/ ASME B 31.1. Thickness thus calculated shall be checked based on the
procedure and formula given in IBR. Then, based on the higher value of the two
calculations (after adding manufacturing tolerance), the next heaviercommercual wall
thickness shall be selected from the thickness schedules ( eg Sch 40, sch 80 etc) as
contained in ASME B 36.10 for OD controlled pipes and from manufacturers
schedules for ID controlled pipes.

However, in such cases where the cakculatred thickness for OD controlled pipes falls
beyond the thickness corresponding to the listed schedule nos.as given in ANSI B
36.10 for the pipe size, both ID & OD controlled pipes to manufacturers schedules are
acceptable.

OD controlled pipes shall be to dimensional standards ANSI B 36.10 for carbon steel
& alloy steel pipes and ANSI B 36.19 for stainless steel pipes.

To account for losses due to erosion, corrosion etc dyring the plant service life, an

allowance of 1.6 mm/ 0.75 mm shall be considered in the minimum wall thickness
calculation of pipes as per ASME B 31.1/ IBR respectively.
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33.6.5

Further, the design pressure and temperature, downstream of any pressure reducing
valve upto and including the first block valve shall be the same as that at upstream of
pressure reducing valve. The piping at downstream of de superheater shall be
designed for spray failure condition. The length of piping considered for spray failure
condition shall not be less than the length required for proper spary mixing as
recommended by desuperheater supplier.

However in no case, the selected pipe thickness shall be less than Sch 80 for alloy
steel & carbon steel pipes of sizes 50 NB & below. The selected thickness for SS
pipes shall not be less than Sch 40S of ANSI B 36.19.

Further, for the piping systems likely to be subjected to two phase flow, i.e down
stream of control valves on heater drain lines etc. and for length of piping which is
required for the proper mixing of spray water at downstream of de-superheater the
selected thickness shall not be less than :

a. Sch 40 pipe sizes above 50 NB but below 300 NB.
b. Sch STD for pipe sizes 300 NB & above.

LAYOUT

(a) All high points in piping system shall be provided with vents. All low points shall
be provided with drains. Provision of drains on steam piping shall be as per
ASME code TDP-1. Drain lines shall be adequately sized so as to clear
condensate in the line and prevent water hammer and damage to turbine due to
water induction. All piping shall be sloped towards the system low point such that
slope is maintained in both hot and cold condition.

(b) All drain and vent lines in piping system with design pressure 40 Kg/cm2 (g) and
above or with vacuum service shall be double valved.

(c) The piping routing shall be such that clear headroom of not less than 2.5 meters
above the walkaways /working area is available. The contractor shall ensure
correct orientation of and easy access to valves and instruments etc. and
sufficient clearance for removal and maintenance of the same. Thepiping shall
not encroach oc withdrawal space of various equipment and walking space.

(d) Wherever there is possibllity of ingress of rain water through floor /celing opening
at points where any pipe passes through floor /celing suitable weather protection
hood shall be provided.

STRESS ANALYSIS

(a) Flexibility and stress analysis for various iping system shall be carried out by the
contractor as per the requirement of ASMR B31.1 analysis results shall satisfy
the following.

(1.) Calculating stresses in the piping shall be within the allowable limits
stipulated in ASMR B 31.1 as well as in IBR for piping under the purview of
IBR.

(2.) Calculated forces and moments on equipment nozzles/TP are not more than
the allowable loading provided by respective equipment manufacturer(s) /
contractors. Flexibility analysis also calculates the deflections in all directions
(translational and rotational) to enable design and selection of hanger/support
system.

(b) Cold pulling is not permitted. The contractor shall so design the piping system
that there will be no requirement of cold pulls for meeting allowable
reaction/stress values.
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HANGERS AND SUPPORTS

All hangers and supports shall be erected such that they are vertical when piping is in
hot condition (rated parameters). However in piping system connected to the rotating
equipment nozzles, it may be required to design and erect the hangers/supports in
the piping near the equipment nozzle as per the requirements/ recommendations, if
any of rotating equipment manufacture(s).

All the hangers/supports shall be of reputed make, approved/tested quality and shall
have proven performance record for similar application. They shall be designed to
provide the required supporting efforts and allow pipeline movement with thermal
changes without causing overstress. The design shall also prevent complete release
of the piping load in the event of spring failure or misalignment and all parts of
supporting equipment shall be fabricated and assembled so that they will not be
disengaged due to movement of the supported piping. Necessary guides, anchors,
braces and structural steel to be attached to building/boiler structure as well as any
braces and/or dampeners required to eliminate piping vibration and seismic loading
shall be provided.

The design of the pipe supports and hangers and their locations shall be
guided by the following general principles:

(a) Criteria of loading.
(b) Design loads for anchors, restraints, hanger supporting structures.

(c) Supports shall be adequate for extra loading due to hydrostatic tests
and when piping system is full of water during chemical cleaning.

(d) Supports for relief valve stacks shall be adequate for both the pipe
weight and the thrust developed when the valve is open.

Besides vibration elimination, hangers shall ensure that the amplitude of
oscillations in the pipe work owing to shock and vibration due to variation of
fluid flow from zero to full capacity remains within approved limits.

THERMAL INSULATION

(a) Thermal insulation shall be provided mainly for the following reasons.
(1) Conservation of heat and maintenance of temperature as per design cycle.
(2) Personal protection/

(b) Design for personal protection
For the piping and the equipment with surface operating temperature of 60 °c
and above the personal protection insulated shall be applied such that the
temperature of protective cladding shall be below 60 °c

(c) The contractor shall prepare an insulation thickness schedule covering both the
cases of heat conservation and personnel protection based on the following
design data.

Design ambient temperature 40°C for inside and 45°C for outside the
main plant building.
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Maximum cladding temperature 60°C

Wind speed 0.5m/sec. for inside and 0.25m/sec. outside
the main plant building.

Emissivity of cladding 0.2
Pipe/equipment wall temp. maximum operating temperature.
Thickness calculation as per ASTM C-680 or equivalent

FLASH TANKS

(a) The flash tanks shall be adequately sized to take care of the total drains in the
complete power cycle piping system. There shall be sufficient margin to
accommodate the possible carination in drains quantities as well as flash steam.
Flash tanks shall be designed as per the requirement of ASME boiler and
Pressure vessels (B&PV) codes, & ANSI standard. The contractor shall selection
for employer’s review.

(b) However the minimum design pressure and temperature for the flash tanks shall
be 3.5 Kg/cm2 (g) and 210°C respectively. Flash tanks shall also be designed for
full vacuum condition.

(c) Corrosion allowance of 3.0 mm shall be added to the design thickness of the shell
and head of the vessels. The minimum thickness of the vessels including
corrosion allowance shall not be less than 8 mm.

(d) The flesh tanks and manifolds shall be designed to take care of the impact forces
due to incoming drains.

(e) In case the spray is in manifold, the material for the flash tank manifold shall
conform to ASTM A335 Gr. P22 or better and its thickness shall not be less than
SCH 100 of ANSI B36.10 irrespective of temperature of the fluid handled

(f) The temperature in the flash tanks shall be maintained by using condensate /feed
water spray, as the case may be and in whichever case applicable. The spray
shall be automatically controlled. However for flesh tanks open to atmosphere
continuous spray through an orifice shall also be acceptable.

SPECIFIC REQUIREMENTS - PIPES & FITTING

Manufacturing tolerances on pipe diameter (both ID & OD controlled pipes) and
thickness shall be as per ASTM-A530/ A999M, as applicable.

Bend thinning allowance shall be provided for all bends as per the recommendations
of ASME B 31.1. The finished bends wall thickness at any point of the bend shall not
be less than the calculated minimum straight wall pipe thickness.

Steel pipes & fittings shall in general be provided with butt welding ends as per ANSI
B 16.25. Pipe fittings of size 50 NB & below shall be socket welded as per ANSI B
16.11. However in certain cases the preparations of welding end for the pipe may be
required to be done to match equipment terminals, valves etc.

All stubs welded to the pipe including welded thermo wells and instrument source
shall be installed on the pipe prior to stress relieving.

Instrument tubing up to and including the root valves and all drains & vents shall be

generally of the same pipe material as that of the main pipe which they are located
unless & until specified otherwise elsewhere.
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33.6.10

33.6.11

Wherever ASTMA 106 Gr B/ Gr C or A — 105 material are used the maximum carbon
content shall be limited to 0.3% (max)

Wherever mitered bends are used the thickness of pipe from which they are
fabricated shall conform to the requirements of regulations 361 (C) of IBR. The angle
between axes of adjoining pipe sections shall not exceed 22.5 Deg C.

Non destructive examinations for butt weld of NPS over 50 mm and for welded
branch connections of branch size over 100 mm NPS shall be specified elsewhere.
For smaller sizes the mandatory minimum requirements shall be as per Table 136.4
of ANSI B 31.1 for non IBR piping as per regulation 360 of IBR or table 136.4 of ANSI
B 31.1, whichever is more stringent, for piping under the purview of IBR.

SPECIFIC REQUIREMENTS — VALVES & SPECIALTIES

For all globe and check valves, the direction of flow shall be clearly stamped on the
body of the valve.

All globe valves shall be capable of being closed against the design pressure.

Where globe valves have been specified for regulation purpose, the disc shall be
tapered plug type and suitable for controlling throughout its lift.

All gate and globe valves shall have bonnet back seating arrangement.
Check valves shall have full floating and accurately guided discs.

All gate, globe & check valves shall be designed for reconditioning seating surfaces
and replacement of stem and disc without removing the valve body from the line.

Hand wheels for all the valves shall close the valve in clockwise direction when
viewing from the top. All hand wheels shall be clearly marked indicating the direction
of opening/ closing.

Manual gear operators shall be provided to open/ close the valve against the
maximum differential pressure across the valve such that the effort required to
operate the valve does not exceed 25 Kdf.

Valves 65 NB & above with rising stem shall be provided with position indicator/
visual indication either through plastic stem covers or through metallic stem covers.
All gate and globe valves of size 50 NB and below in vacuum service shall have extra
deep gland packing without requiring water gland sealing. All gate & globe valves of
size 65 NB & above in vacuum services shall have adequately deep gland packing
and shall be equipped with lantern rings to admit pressurized water for gland sealing.

Where floors and extension spindle arrangement is required for valves, the height of
floor stand shall be about one meter from the floor/ platform. The floor stand shall be
sturdy condition eith column, nut plate and hand wheel made of cast iron conforming
to ASTM-A-126 Grade B. Suitable thrust bearing shall be provided/ between the
hand wheel and floor stand. The connection of the extension spindle to the valve
stem shall be through a flexible coupling and shall be designed to permit valve
thermal movements. Necessary nuts, bolts etc. For mounting the floor stand platform
shall be provided.

INTEGRAL BYPASS VALVES

Page 220 of 644



33.6.12

33.6.12.1

33.6.12.2

33.6.12.3

33.6.12.4

33.6.12.5

33.6.12.6

The requirement of integral bypass valves shown in flow diagrams is the minimum
required. The final requirement shall be worked out as per the process requirement
during detailed engineering.

If integral bypass valve selected is of size 50 NB & below, then the gate or globe type
of forged construction with socket weld end as per ANSI B 16.11 shall be provided.
For integral bypass valves of size 65 mm and above only cast steel gate valves with
butt weld ends as per ANSI B 16.25 shall be provided.

Bypass pipe shall be of seamless constriction and thickness corresponding to
minimum of schedule 80 and shall be of same material class as the main pipe.

Integral bypass shall be motor operated if main valve is motor operated.
SPECIFIC REQUIREMENTS: FABRICATION

Piping system fabrication shall be in accordance with the requirement of ANSI B 31.1
however for system under purview of IBR, the requirements of IBR, shall also be
complied with. All dissimilar material piping connection shall be subjected to the
acceptance and approval of the employer. Complete document shall be submitted by
the contractor in addition to the fulfillment of IBR requirement.

Where welded pipes and fittings are used the longitudinal weld seams of adjoining
sections shall be staggered by 90 deg.

Access holes for radiography at shop for piping requiring 100 % radiography shall be
provided only if the area to be radio graphed is not accessible from pipe ends. Access
holes for field radiography shall be provided.

Except where otherwise specified, all piping shall have butt-welded connections with
a minimum of flanged joints, if necessary. All high pressure steam valves and
accessories shall have welded connections. Where flanges are adjacent to welded
fittings, weld neck flanges shall be used.

Branches shall, in general, be formed by welding. Standard fittings may be used in
positions and for sizes where approval has been given in detail drawings. Pipe bends
and tees shall be truly cylindrical and of uniform section. All welded branches shall be
reinforced where needed as per the applicable codes/regulations.

Unless otherwise specified, for all welded lines with pressure above 7 kg/ cm2(g)
and/or temperature above 2000C, branch connections for branch sizes upto 25% of
welded mains shall be made with special forged steel welded fittings.

Piping shall be fabricated in the shop in the largest transportable sections to
minimise the number of field weld joints. The choice of field weld joints
locations shall be based on the traverse of the pipe through walls, floors,
sleeves or other restrictive areas. Support attachments for major piping shall
be done at shop.

All workmanship shall be carried out using methods and procedures of best
recognised pipe fabrication practice and must be done in a good and
workman like manner in accordance with ANSI standards, ASME Codes, PFI
standards and IBR as applicable.

Page 221 of 644



All  high-pressure steam valves and accessories shall have welded
connections.

Mitred bends and elbows will not be accepted unless otherwise specified.
Only forged tees, 90° elbows and 45° elbows are acceptable. In case the
Bidder wants to deviate from this requirement on the ground of
non-availability of such forged items, he may submit his alternative offer for
Owner's consideration with sufficient documents to justify the same. In such a
case, the concerned fittings shall be manufactured with necessary reinforcing
pads, bend thinning allowance etc to satisfy code requirements.

All pipes bends shall be made true to angle with no negative tolerance and
shall have a smooth surface free of flat spots, crease and corrugations.

A cross section through any bend portion of the pipe shall be true in diameter.
All pipe bends shall have a radius of not less than 3 times the nominal pipe
size unless otherwise mentioned. Pipe bends shall be made from straight
pipe pieces of sufficiently higher thickness so that after thinning, the minimum
thickness of bends shall not be less than the minimum thickness required for
the straight pipe. Thinning allowance shall be considered as per ANSI B 31.1.
The ends of pipe and welded fittings shall be bevelled according to details
shown in the relevant piping codes.

For bends in pipes, straight piece of pipes shall be bent to required bend
radius. However, forged bends (Bend radius = 1.5 x pipe diameter) wherever
required shall be provided at no extra cost.

The ends of Pipe and welded fittings shall be bevelled according to details
shown in the relevant piping code. All welding shall be made in such a
manner that complete fusion and penetration are obtained without an
excessive amount of filler metal beyond root area. The reinforcement shall be
applied in such a manner that it shall have a smooth contour merging
gradually with the surface of adjacent pipe and welded fittings. Backing rings
shall not be used on any pipe welds, unless otherwise approved by the
Engineer.

Pipes of size 50 NB and above shall be shop fabricated and of size 40 NB
and below shall be field run.

All welding shall be made in such a manner that complete fusion and
penetration are obtained without any excessive amount of filler metal beyond
root area. The reinforcement shall be applied in such a manner that it shall
have a smooth contour merging gradually with the surface of adjacent pipe
and welded fittings. Backing rings shall not be used on any pipe welds, unless
otherwise approved by the Engineer.

Pipe and attachments shall be properly aligned prior to welding. If tack welds
are used, the tacks shall be either fused into the first layer of weld or else
chipped out.

All welding for steam and feed pipe work shall be electrical welding using the
shielded arc process and electrodes in accordance with the relevant code.
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33.6.13

For pipes up to and including 100 NB, provided the pipe does not exceed
12.7 mm in thickness, gas welded butt joints will be accepted without backing
rings.

Welded joints in pipe work shall be pre-heated to a temperature as required
by the agreed standard or code or to the approval of the Engineer. The
temperature shall be maintained during the welding operation and a record of
metal temperature shall be obtained by means of a recording thermometer
throughout the welding operation.

All welds shall be built-up by the application of multiple layers or passes. The
thickness of metal applied for each layer or pass shall not exceed 3 mm.
Each layer shall be cleaned and lightly peeled before the next layer is applied.
Before being assigned to welding work, each operator shall have passed a
qualification test as prescribed in the applicable Code/ Regulations. Each
approved welder shall have an identification number which shall be indicated
on all welds.

Welded joints shall be stress relieved as per ANSI B31.1/IBR. Stress relieving
temperature shall be measured by thermocouple pyrometers or other suitable
equipment. Readings of temperature against time shall be recorded.

BENDS AND ELBOWS
(a) Elbows shall be generally of long radius type.

(b) Bends for piping 65mm NB and above shall be made hot and for piping 50mm NB
and smaller may be made cold.

(c) Bends shall be made in accordance with PFI-ES-24. Bends shall be supplied with
the minimum tangents expect where the piping layout necessitates shorter
lengths in which case the tangents shall be suitably reduced after the bending
operation to suit the requirements of the piping layout.

(d) Heat treatment of bends shall be done as per material specification.

(e) Where examinations of bends indicates that wall thinning has resulted in
thickness less than the minimum specified, repair by weld deposition shall be
allowed only where the length of the affected area is 150mm or less as measured
along the outside arc of the bend. Repairs in excess of this amount shall not be
allowed. All repairs shall be carried out only after approval of the employer.

(f) Circumferential butt weld shall not be used in the area of the bend. Longitudinal
welds, where bends are formed from welded pipe shall be located on the bend’s
neutral axis.

(g) Bend thinning allowance on straight pipe prior to bending shall be applied as per
ANSI B 31.1. For bends of 5D or higher radius, the difference between maximum
and minimum diameters shall not exceed 8 percent of average measured outside
diameter of the pipe before bending.

(h) All bends in 50 NB and larger piping shall be made hot. Bends in 40 NB and
smaller piping may be made cold only when commercially available bending
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33.6.14

33.6.14.1

()

shoes are used. Finished bends shall be smooth in contour and free from buckles
and distortion.

Pipe bends may be fabricated by the incremental induction heating process.
Circumferential butt welds or longitudinal welds (where seamless piping has been
specified) shall not be used in the arc of the pipe bends, without Engineer's
permission. After bending, such welds, where permitted, shall be re-examined
and re-inspected.

All piping bends are subject to heat treatment as required by the original material
specification unless otherwise approved by the Engineer.

All pipe bends in 50 NB and larger piping shall be examined ultrasonically after
fabrication for wall thickness conformance. Measurements shall be taken in
accordance with PFl Standard ES-20 using the "Pulse Echo" method. Data
reports containing information as recommended in PF| Standard ES-20 shall be
forwarded to the Engineer for record purposes.

Where examination of pipe bends indicates that wall thinning has resulted in less
than code required minimum wall thickness repair by weld deposit shall be
allowed only where the affected area is 150 mm or less as measured along the
outside arc and with Engineer's approval. Repairs in excess of this amount shall
not be permitted.

End Preparation, Cutting etc.

For steel pipes, end preparation for butt-welding shall be done by
machining/flame cutting.

Socket weld end preparation shall be saw/machine cut
For tees, laterals and other irregularities details, cutting template shall

be used for accurate cutting and cutting shall follow the outline of the
template.

Alignment Considerations

The pipes joined by welding shall be aligned correctly within the existing
tolerances on diameter, wall thickness and out of roundness, which shall
be preserved during welding.

All flange facings shall be true and perpendicular to the axis of the pipe
with boltholes being off centre.

Branch connections shall conform to the requirements of ASME B 31.1. All branch
connection welds shall be full penetration welds, except as permitted by ASME B
31.1/IBR. The branch connections shall generally conform to the following :

Socket welding and threaded connections on pipelines shall be made by
forged outlet fittings. The holes in pipe headers made for these
connections shall be drilled to the same size as the fitting inside diameter.
All burrs shall be removed and threaded fitting shall be repeated after
welding.
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33.6.14.2

33.6.15

33.6.15.1

33.6.15.2

e For branch connection, additional reinforcements shall be provided
wherever necessary by the applicable codes including supply of
necessary material by the contractor at his own cost.

e The design and fabrication details for the instrument stub connection are
included in Tenderer's scope. Materials for instrument connection shall be
the same as that of the pipe to which it is attached. Fittings ratings shall
be in accordance with those specified for the main process pipe.

All materials that are bent, forged or informed shall be subjected to heat treatment
after the forming operations as required by the original material specification. For ally
steel materials the preferred heat treatment process is full annealing.

SPECIFIC REQUIREMENTS: WELDING

In addition to the requirements spelt out elsewhere, the followings shall be
taken into consideration:

Welding Process

(a) Welding under this specification shall be done by one of the following
processes :

(i)  Manual oxy-acetylene welding process
(i)  Manual shielded metal arc process (SMAW)
(iif)  Manual inert gas tungsten arc process (TIG)

(b) Automatic or semi-automatic welding shall be done only with the
specific approval of the Owner/Consultant.

(c) Socket weld joint shall be done with low hydrogen type covered
electrodes with manual shielded metal arc process.

(d) Welding at any joint should be completed uninterrupted. If this
procedure cannot be followed for some reason, the weld shall be
insulated for slow and uniform cooling.

(e) As far as possible welding shall be carried out in flat position. If not
possible, welding shall be done in a position as close to flat position as
possible.

(f)  As arule no backing ring shall be used for circumferential butt welds.

Alignment and Spacing

(a) Components to be welded shall be aligned and spaced. Root opening
shall be as under :
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33.6.15.3

33.6.17

(i) For wall thickness 2.5 mm or under and for 1.0 mm - 2.0 mm
all thickness in oxy-acetylene welding

(ii)  For wall thickness over 2.4 mm 2.0mm-3.0 mm

Special care shall be taken for fitting and alignment in case of inert gas
tungsten arc welding. Flame heating for adjustment of ends is not permitted
without the approval of the Owner/Consultant.

(b) A wire spacer of proper diameter may be used for the weld root opening
but must be removed after tack welding and before application in root
pass.

(c) Tack welding for the alignment of pipe joints shall be executed carefully
and shall be free from defects since tack welds form a part of final
welding. Defective welds shall be removed prior to the welding of joints.
Electrode size for tack welding shall be selected depending upon the
root opening.

(d) Tacks should be equally spaced as follows:

(i) For 65 NB pipe and smaller 2 tacks
(i) For 80 NB to 300 NB pipe 4 tacks
(iii) For 350 NB and larger pipes 6 tacks

Welding Technique

(@) Root pass shall be made with respective electrodes/filler wires. The
size of the electrodes shall not be greater than 3.25 mm (10 SWQG).
Welding shall be done with direct current values recommended by the
electrode manufacturers.

(b) Upward technique shall be adopted for welding pipes in horizontally
fixed position. For pipes with wall thickness less than 3 mm,
oxy-acetylene welding is recommended.

CLEANING AND PROTECTION

(a) All fabricated piping shall be cleaned as per relevant SSPC cleaning
technique/practice such that both inside and outside surface of the piping are free
of sand, loosely adhering scale, dirt and other foreign matters.

(b) After cleaning outside surface shall be coated with enamel or other protective
paint, the weld end preparation shall be coated with deoxyaluminate paint and
protected adequately. Use of grease or oil. Other than light grade mineral oil is
not allowed.

Page 226 of 644



33.6.18

33.6.18.1

33.6.18.2

33.6.18.3

33.6.19

33.6.19.1

33.6.19.2

33.6.19.3

33.6.19.4

33.6.19.5

33.6.19.6

(c) After desiccating and preservation, the fabricated sections shall be covered,
boxed, capped, or others shielded from further contamination or corrosion.

MARKING

All piping shall be marked clearly and legibly at the shop with its identifying pipeline
description and piece no. as per the appropriate component or spool piece fabrication
drawing.

Marking shall be by any method which does not produce sharp discontinuities and the
marking does not get erased until the piping is erected. Piping 6 mm and thicker may
be marked by stamping using round nose or dot interrupted die stamps with minimum
nose radius of 0.8mm.

Item too small to be marked shall have metal tags securely attached to each bundle
or container of such items such that it does not get erased until the item has been
erected.

SPECIFIC REQUIREMENTS- ERECTION

Where control valves, flow nozzles, orifices and other piping appurtenances are to be
installed, they shall be installed only after steam blowing and chemical cleaning
operation. After the completion of the steam blowing / chemical cleaning the
contractor shall cut spool pieces of required length and install the components.

Field run piping shall be erected only after completion of the erection of all other
piping system structures and equipment unless otherwise approved/directed by the
employer.

when C clamps are tack welded to the pipe for the purpose for the alignments of a
joint, preheating for the lack welding shall be performed if the main joint adjacent to it
to be preheated as per the requirement of this specification, otherwise preheating for
the tack weld may be omitted after the joint is completed, all tack weld shall be
removes, flushed with the adjacent of pipe by chipping and /or grinding. The areas
where C clamps were attached shall be subjects to stress reliving as required.

The hydrostatic testing of the piping system shall be done after proper installation of
all permanent hangers/supports. Springs hangers shall be locked during hydrostatic
test. Prior to steam blowing all hangers which had been locked for the hydrostatic
testing shall be unlocked.

The setting and logging of all supports, restraints/limit stop, spring hangers, etc, is the
responsibility of the contractor. The initial setting on all hangers and supports and
clearance on restrains and limit stops shall correspond to the design cold values. The
contractor shall check all readings after completion of erection of piping system and
application of insulation and carry out readjustment as necessary to be in line with the
design cold values. After satisfactory setting of all hangers/restraints. Hangers
reading / clearance shall be logged by the contractor in proper format and a joint
protocol be made.

The contractor shall monitor the behavior of all hangers, supports, restrains etc.
during the initial stage of plant operation. When the piping system(s) have attained
their rated temperature the contractor shall log, hanger reading, snubber deflection,
restrains/limits stop clearances as specified elsewhere.
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33.6.19.7 All gaskets shall be asbestos free material and suitable for the service

application.
33.6.20 SPECIFICATION FOR POWER CYCLE PIPING & FITTINGS
S. No. Description Alloy Steel Carbon Steel
A PIPES
Material X20 Cr Mo V 121 to DIN| ASTM A 106 Gr B/ ASTM 106 Gr C
17175 or ASTM A335 Gr P91 | (A 106 Gr C for BFD design
(For all temp above 510 deg | parameters, CRH design parameters &
C) above)
ASTM A 672 Gr B 60 CLASS-12/ 22
ASTM A 335 Gr P22
Construction Seamless Seamless
B FITTINGS
Material for 65 NB & | X20 Cr Mo V 121 to DIN | ASTM A 234 Gr WPB with A 106 gr B
Above 17175 or ASTM A 234 Gr | piping
WP91 (for temp above 510
Deg C)

ASTM A 234 Gr WP 22

Material for 50 NB & | ASTM A 182 Gr F 91 (For all | ASTM A 105

Below temp above 510 deg C)
ASTM A 182 Gr F 22
Construction Seamless Seamless
(forged for 50 NB & below) (forged for 50 NB & below)
Basic Standards ANSI B 16.9 ANSI B 16.9
ANSI B 16.11 ANSI B 16.11
ANSI B 16.25 ANSI B 16.25
ANSI B 16.28 ANSI B 16.28
Rating/wall/thickness | To match with that of pipe To match with that of pipe
C WELDING
Backing rings Not permitted Not permitted
D MATERIAL
ANALYSIS
MANDATORY All tests, as given in respective material code (other than supplementary
REQUIRMENTS requirements).Shall be carried out as minimum. This includes the tests

wherein it is specified in the respective material code that “the test is to
carried out when specified by the purchaser” or any such indication, in the
code.

E. HYDROSTATIC TEST PRESSURE

(1) Piping system under IBR purview:
At shop All piping including fabricated piping shall be hydro tested at
1.5 times the design pressure subjected to regulation 374 of
IBR. However, non-destructive testing in lieu of hydro test is
also acceptable subject to regulation 343 (3)of IBR

After erection All piping system shall be hydro tested at 1.5 times the design
pressure subjected to regulation 374 of IBR. However for such
systems where it is practically not possible to do hydro tests.
The test as called for in ANSI B 31.1 & IBR in lieu of hydro test
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shall also be acceptable.

Hydro test of boiler feed piping: since isolating valve is not provided at
economizer inlet, contractor to make all necessary arrangement of hydro testing
of BFD piping beyond HP heater downstream heating isolating valve upto TP
either by blanking or providing a temporary valve. NDT as per the provision of
IBR & ASME B 31.1 can be carried out for the joint at TP between SG & TG
contractor.

(2) Non- IBR piping system:-

At shop All piping including fabricated piping shall be hydro tested at
1.5 times the design pressure subjected to regulation 374 of
IBR. However, non-destructive testing in lieu of hydro test is
also acceptable subject to regulation 343 (3)of IBR

After erection All piping system shall be hydro tested at 1.5 times the design
pressure subjected to regulation 374 of IBR. However for such
systems where it is practically not possible to do hydro tests.
The test as called for in ANSI B 31.1 & IBR in lieu of hydro test
shall also be acceptable.

Note:

1. EFW pipes as per A 672 are acceptable if the design pressure and design
temperature are such that it calls for ASME 300 class & below piping and
size is 550NB and above. The fitting shall correspond to ASTM A 234 with
grade corresponding to the pipe. Material. Welded construction fitting are
also acceptable with A672 piping. However all requirements as per ASME
B31.1 including the requirements given in mandatory appendix-D, IBR &
respective material code shall be fully complied with, in respect of welded
firings

2. In case the design temperature is above 545 deg C, then P91 material only
shall be applicable for both pipes as well as fittings.

Materials for fittings, specialties and valves shall be corresponding to piping

material.

33.6.21 SPECIFICATION FOR POWER CYCLE VALVES
33.6.21.1 General Requirements
33.6.21.1.1  All the control station configuration shall be as follows.
(@) For Continuous Service requirement:
(i) One (1) pneumatically/hydraulically operated control valve.

(i) One (1) motor operated isolation valve at the upstream side of
control valve.

(iii) One (1) manual operated isolation valve at the downstream side
of the control valve.
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(iv)

(v)

(vi)
(vii)

(viii)

One (1) pneumatically/hydraulically operated bypass control
valve.

One (1) motor operated isolation valve at the upstream side of
the bypass control valve.

One (1) manual operated isolation valve at the downstream side
of the bypass control valve.
Non return valve in the common downstream line, for spray

piping.

Drain valves at upstream and downstream of the control valves.

(b) For Intermittent Service requirement:

(i)
(ii)

(iii)

(iv)
(v)

(vi)

(vii)

(viii)

One (1) pneumatically/hydraulically operated control valve.

One (1) motor operated isolation valve at the upstream side of
control valve.

One (1) manual operated isolation valve at the downstream side
of the control valve.

One (1) motor operated inching type regulating bypass valve.

One (1) motor operated isolation valve at the upstream side of
the bypass valve.

One (1) manual operated isolation valve at the downstream side
of the bypass valve.

Non return valve in the common downstream line, for spray
piping.

Drain valves at upstream and downstream of the control valves.

All valves shall have cast/forged steel bodies with covers and glands of
approved construction. The valves shall be provided with electric motors/
solenoids and actuators as required.

Locating the valves on vertical runs shall be avoided as far as possible

All valves shall, unless otherwise approved, have ends prepared for
butt-welding and the internal diameter shall be the same as the internal
diameter of the pipes to be joined.

Page 230 of 644



All valves shall receive tests at Manufacturer's or Contractor's works in
accordance with the specific requirements of the approved Codes of Practice so
that the same is acceptable to IBR where applicable. Valves shall be rising stem
or otherwise as approved by the Owner.

All valves shall function smoothly without sticking, rubbing or vibration on
opening or closing.

Material, design, manufacture, testing etc. for all valves and specialties along
with the accessories shall conform to the codes as specified or approved
equivalent and acceptable to IBR.

By-pass valves shall be provided for high pressure and larger size valves
(including control valves) as per standards followed and as felt necessary for
smooth and easy operation, even though not specifically mentioned in the
specification.

Valves subjected to vacuum shall have sufficient long deep-seated packing.
Valves in general shall preferably be of such design as to permit repacking
while in service by providing back seating arrangement duly tested during
manufacture.

All valves shall have outside screwed spindles and screwed thread of spindle
shall not pass through or into the stuffing box. Where valves are exposed to the
weather, protective covers shall be provided for the spindles, which shall be
subject to approval.

Valves requiring sealing water shall be adequately deep and shall be equipped
with lantern ring to admit pressurised water for gland-sealing. Gland sealing
water shall be tapped from one tapping point on the condensate extraction
pumps discharge header and shall be reduced in pressure as per the
requirement.

The stops which limit the travel of any valve in the "Open" or "Shut" position
shall be arranged exterior to the valve body.

All regulating valves shall be designed to prevent erosion of the valve plugs and
seats when the valves are operated partially opened. The valves shall have
contoured plug.

Approved access arrangements shall be provided for all valves and particular
attention shall be given to those valves fitted with gearing, which require
lubrication of the valve itself.

Valves which cannot be operated from the floor or walkways shall be provided
with suitable extension rods and linkages. If such a valve is provided with
integral bypass then similar arrangement shall be done for the bypass valve
also. The extension shall be such that the hand wheel is at a height of
approximately one metre above the level of the floor or platform from which the
valve is to be operated. Where required, valves shall be provided with
head-stocks and pedestals of rigid construction and where gears or level
wheels are used, these shall be of cast steel or suitable quality cast iron with
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machine cut teeth. Where extension spindles are fitted, all thrust when
opening or closing the valves shall be taken directly on the valve body. The
extension linkage shall be so designed to take care of the thermal
movements of the valve body with the pipe on which the valve is installed.
The connection of the extension spindle to the valve stem shall be through a
flexible coupling.

The extension spindle shall be of the same material as that of the valve stem.
The floor stands shall have column, not less than Group-B of ASTM-126.
Necessary nuts and bolts for mounting the floor stands on foundation shall have
to be provided. Adequate means of easy lubrication shall have to be provided
for valves and operating extension components.

Stems shall preferably be arranged vertically with gland at the top, however, in
no circumstances must the stem be inclined downward from horizontal or gland
be at the bottom. Globe valves shall be installed with the pressure under the
disc. Valves shall not be fitted in inverted position.

Where necessary, for accessibility, grease nipples shall be fitted at the end of
extension piping and where possible these shall be grouped together and
mounted on a common panel situated at a convenient position. A separate
nipple shall be provided to lubricate each point. The Contractor shall supply the
first fill of oil or grease for these parts. The Contractor shall supply a suitable
manually operated grease gun for the standard type of nipple provided.

The spindles for all valves for use outside the building shall have weatherproof
protection covers of approved construction.

All valves shall be fitted with indicators so that it may be readily seen whether
the valves are open or shut. In the case of those valves fitted with extended
spindles, indicators shall be fitted both to the extended spindles and to the
valve spindles.

Plastic or bakelite valve hand wheels are not permitted.

All valves shall be closed by rotating the hand wheel in a clockwise direction
when looking at the faces of the hand wheel. The face of each hand wheel shall
be clearly marked with the words "Open' and "Shut' with arrows adjacent to
indicate the direction of rotation to which each refers.

Each valve hand wheel shall be fitted with a circular nameplate of approved
material indicating the valve tag number, duty or service intended and the
function of the valve. The nameplates shall incorporate the colour code
corresponding to the service of the piping.

Wherever practicable, heavy valves of total weight including actuator, drive
motor, integral by-pass etc equal to or greater than 500 kg shall be provided
with suitable lugs to permit direct suspension by hanger rods or direct resting
on bottom support, as applicable.
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Special attention shall be given to the operating mechanism for large size
valves in order that quick and easy operation is obtained and maintenance is
kept to a minimum.

Eyebolts shall be provided where necessary to facilitate handling heavy valves
or parts of valves.

The Bidder shall supply during the course of the Contract, comprehensive
drawings showing the design of valves, test pressure and working pressure
/temperatures. They should include a parts list referring to the various materials
used in the valve construction.

Gate valves below 100 NB shall be solid wedge/Flexible wedge type. Valves of
150/300 and size 100 NB and above shall be flexible wedge type. However, for
sizes 100 NB and above for temperature 3000C above, parallel slide gate
valves shall be used.

All sampling and root valves shall be of integral body bonnet type.

For butterfly valves, Contractor shall guarantee that in the closed position and
with a disc differential pressure as specified, the valves shall be water tight.

Contractor shall guarantee that the operating mechanism shall open and close

the valve under the specified maximum differential pressure within the time
specified.
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A. CAST STEEL VALVES (GATE/ GLOBE/ CHECK 65 NB & Above)

S. No.| Description Alloy Steel Carbon Steel Stainless
Steel
600 Ibs & | 600 Ibs|600 Ibs & | 600 Ibs & | 400 Ibs & below
below & above | below above
1.0 Basic Standard | ANSI B 16.34
2.0 Construction
a Bonnet/ cover Bolted Type | Pressure | Bolted Pressure | Bolted Type
Type Type Type
b Disc
Globe Valves Throttling Type Plug
Check Valves Twilting/ swing type
Gate Valves Solid/ flexible wedge below 100 NB
Flexible Wedge for 100 NB & above
c Seat Integral Type
3.0 Material
a Body, Bonnet & | ASTM 216 | ASTM ASTM A 217 WC9 ASTM A 351
Cover GrWCB 216 Gr| ASTMA217GrC12A | CF8
WCC
b Stem 13% Chrome Steel ASTM A 182 Gr F6A ASTM 182
F316/ F 304
C Hinge Pin (for | 13% Chrome Steel ASTM A 182 Gr F6A ASTM 182
check valves) F316/ F 304
d Disc & Seatring | ASTM A 216 | ASTM A | ASTM A 217 GrWC9 ASTM 182
(heat treated & | Gr WCB | 216 Gr| ASTM A 217 Gr C12A | F316/ F 304
hardened minimum WCC
Hardness Seating surface hard faced with satellite 350 BHN
250 BHN
e Back seat/ stem | ASTM A 182 gr F6a ASTM 182
guide bushing 13% Cr SS with stellite hard facing F316/ F 304
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B. FORGED STEEL VALVES (GATE/ GLOBE/ CHECK 50 NB & Below)

S. No.| Description Carbon Steel Alloy Steel Stainless
Steel
1.0 Basic Standard | ANSI B 16.34
2.0 Construction
a Bonnet/ cover Bolted Type for 600/ 800 Ibs Seal Welded/
Seal welded for 900 Ibs & above Bolted Type gor
600/ 800 Ibs
Seal welded for
above 800 Ibs
b Disc
Gate Valves Solid Wedge Type
Globe Valves As per mfg std
Check Valves Piston Lift
c Seat Integral Type
3.0 Material
a Body, Bonnet & | ASTM A 105 ASTM A 182 Gr F22 ASTM 182
Cover ASTM A 182 Gr F91 F316/ 304
b Stem 13% Chrome Steel ASTM A 182 Gr F6A ASTM 182
F316/ F 304
C Hinge Pin (for | 13% Chrome Steel ASTM A 182 Gr F6A ASTM 182
check valves) F316/ F 304
d Disc & Seat | ASTM A 105 with stellite | ASTM A 182 Gr F22/ F | ASTM 182
ring minimum Hardness 350 | 91 hard faced with | F316/ F 304
BHN satellite minimum | hard faced with
hardness 350 BHN satellite
minimum
hardness 350
BHN

C.ANGLE GLOBE VALVE

S. N¢ Description Alloy Steel | Carbon Steel

1.0 | Design Standard | ASME B 16.34

2.0 | Material

a Body & Bonnet A 182 Gr F22/ F 91 or better | A 105 or better

b Spindle/ disc Stellited

c Body Seat & | Stellited

Back Seat

d. Gland Packing Graphite

3.0 | Construction

a Valve Type Outside Screw & yoke Type

b Body & Bonnet Forged body with integral/ welded bonnet connection

c Disc type Taper plug or parabolic type to suit system requirement

d End connection Socket weld (ANSI B 16.11) for sizes 50 Nb & below
Butt weld (ANSI B 16.25) for sizes 65 NB & above

e Pressure rating To suit the service condition. However minimum pressure rating shall be
corresponding to ANSI Class 1500
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D OTHER VALVES (65 Nb & Above)

S. Nq Description Safety Valve Relief Valve BF Valve
Alloy Steel | Carbon Steel

1.0 | Design Standard | ASME B 16.34 AWWA C 504

2.0 | Pressure Class 400 Ibs & below 75 B & above

3.0 | Accumulation 10% (max)

4.0 | Blowdown 5% (max) 10% to 15%
5.0 | Construction
a General Spring loaded with weld end inlet, | Spring loaded | Long body butt
pop up type with flanged inlet | welded
& outlet
b Bonnet Bolted trype
c Seat bushing Renewable type screwed on and held in position type
d Shaft seat O ring type
6.0 | Material
a Body & Bonnet | ASTM A 217 | ASTM A 216 Gr WCB/ WCC ASTM A 216 Gr
cover WC9/C 12A WCB
b Spindle/ Shaft Stainless Steel ASTM A 182 Gr
304
c Disc, nozzle, | ASTM A 182 F 316 ASTM A 216 Gr
seat ring WCB
Seal & O Ring:
EOT/ BUNA — N/
Neoprene for
water service
EOPT/ EPDM for
steam service
d Spindle Guide 17% Chrome steel or monel, heat treated and hardened to minimum hardness
250 BHN
e Spring Stainless Steel | Carbon Steel
or Tungsten
Steel
f Retainer Rings SS 304
and Internal
Bolts
g Bearing Sleeve type self

lubricated

Note the material of body, bonnet/ cover & disc shall be corresponding to that of pipe material on which
valve is installed.

33.6.22

SPECIFIC REQUIREMENTS

1. Valve of size 65 NB and above shall have butt welded ends as per ANSI B16.25
and valves 50 NB and below shall have socket weld ends as per ANSI B16.11

2. Locking arrangement, wherever specified shall be of non-detachable type.

3. Valve shall be tested in accordance to ANSI B 16.34, however, for butterfly
valves; the requirements of AWWA C-504 shall also be met.
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33.6.23

33.6.24

4. All gates and globe valves shall be without side screw and yoke with rising stem.

5. Gate valve below 100 NB shall be solid wedge/flexible wedge type, valve of size
100 NB and above shall be of flexible wedge type. However, for sized 100mm NB
and above for temperature above 300 °C, parallel slide valves are also
acceptable.

6. Specification for valve shall be as indicated in C&l subsection.

7. Stem for all valves shall be heat treated and hardened- minimum, hardness
200HB and surface finish of 16 RMS or better in area of stem packing.

8. Gland packing for gate and globe valves shall be alloy steel/SS wire rainforced
graphite with stem corrosion inhibitor.

9. All bolts and nuts shall be ASTM A-193 Gr. B 7 and ASTM A-194 Gr. 2H
respectively.

10. Hand wheel for valves shall be of malleable iron / carbon steel.

11. Minimum differential hardness between seat and other disc material shall be 50
HB in case of 13 % chrome hardened with heat treatment of steel.

12. Valves closure test shall be as per supplied complete with discharge elbow and
drip pan along with drain.

13. For valve of size 65 NB and above in vacuum service, water gland-sealing
arrangement shall be provided. For valve of size 50 NB and below, deep gland
packing shall be provided. Butterfly valves, subjected to vacuum, shall be tested
for vacuum as per relevant code.

SPECIFICATION FOR HANGERS/SUPPORTS

Design and manufacture of hangers/supports shall conform to ANSI B 31.1 MSS-SP-
58,MSS-SP-89

Where hangers rod angularity exceed 4 degree from cold to hot position (at rated
parameters), the hanger and structural attachments shall be offset in the cold position
in such a manner that the hanger rod is vertical in hot position unless otherwise
specified.

The contractor shall furnish, detailed arrangement sketches for each support,
restrains, anchor, etc. the sketches shall include the key plan identification no. bill of

quantities, design load , operating load, spring stiffness, amount of precompression,
centre line elevation of pipe, spring box position/orientation, etc.

Hangers support tag no. shall be marked on all pipe hangers/support, restraints and
anchor assemblies, the design loads, hot and /or cold loads shall be stamped on
respective constant and variable springs.

TECHNICAL REQUIRMENTS

(a) Each threaded connection and adjustable rod shall be provided with lock nuts.

(b) Each rod of a double rod hanger support shall be designed for the full hydro test
load coming on the double rod hanger assembly.

Page 237 of 644



(c)

(d)

(e)
(f)

(9)

(h)
(i)

)

(k)

()

(0)
(P)

Hanger support rods of less than 10mm diameter for supporting pipes of 50 NB
and smaller and less than 12mm diameter for supporting pipes of 65 mm NB
and larger, shall not be used.

Parts of the hanger or support which move relative to the pipes during operation
shall be connected to the pipe attachments in such a manner that they lie
entirely outside the pipe thermal insulation.

Attachment to piping shall be as far as possible by clamps.

Where axial movement is to be restricted or riser clamps are used, suitable lug
stops to prevent pipe movement shall be designed for welding on to pipe.

Bolted pipe clamps shall have a minimum thickness of 5mm for weather
protected locations and 6 mm for locations exposed to weather.

Beam clamps shall be forged steel equipment with a rod to fix a nut.

All sliding surface of supports and restrains shall have Teflon lining on one
surface coming in contact with stainless steel lining on the other surface.

All piping hangers and supports shall be designed to carry the weight of the
piping fitting, thermal insulation, self weight of the hanger assembly and medium
transported or test medium whichever is heavier. In addition all rigid rod hangers
and variable spring shall be designed to carry the operation load in hot condition.

All design and fabrication including loading and allowable stresses shall be in
accordance with ANSI B31.1. Note shall be taken of the requirements against
earthquake at site. Hangers and supports for systems shall be completely
engineered and prefabricated for all piping 50 NB and above. Sufficient random
materials shall be furnished for field support of all lines of smaller diameter.

For pipes of design temperature 1000C and more, bottom supports shall be
avoided as far as possible and hanger type supports shall only be used.
However, where bottom support cannot be avoided, the same shall be provided
with suitable shoes along with balls/rollers/rockers (if movement is more than 50
mm) and SS/Graphite is to be used (if the movement is more than 20 mm) to
minimise frictional resistance against thermal movements. The material of shoe
as well as the ball/rockers/rollers shall be suitable for the design temperature of
the supported pipe and shall be of sufficient hardness so as to permit a
reasonably long life keeping its roundness and maintaining a low friction factor.
Where a constant load type support is required, the bottom support shall also be
of constant load type.

Provision shall be made for support of piping which may be disconnected during
maintenance work.

Support steel shall be of structural quality. Perforated strap, wire or chain shall
not be used. Support components shall be connected to support steel by
welding, by bolting or by beam clamps. Bolt holes shall be drilled, not burned.
Support components may be bolted to concrete using approved concrete
anchors.

Double nuts or lock-nuts shall be used on hanger rods and bolts in all cases.

Variable springs shall be furnished with travel stops. The travel stops shall be
factory installed at the "cold" position.
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(@)
()

(s)

(t)

(u)

(v)

(w)

(x)

(y)

@)

(aa)

(bb)

(cc)

Spring hangers should not be loaded more than 80% of the spring travel range.

Both constant load and variable spring support/hanger shall be provided with
outside indicators for deflection and load. Provision for the site adjustment of
load at least + 10% shall be incorporated. Also spring locking arrangement and
turnbuckles of load/position adjustment shall be provided for all hangers.

Constant load type spring support/hangers shall be so selected as to permit, for
the specific load, an over-travel of at least 25 mm or 20% (whichever is greater)
of the specified range of vertical travel. The initial setting of the hangers/supports
shall be such that half of the "over-travel" is allowed in either direction. Constant
support hangers shall have a support variation of not more than 6% throughout
the total travel range.

Rigid hangers & restraints shall be judiciously selected, without exceeding the
stipulated limits of terminal forces & moments & stress level. Struts shall be
considered where compressive load is expected.

Where the piping system is subject to shock loads, such as thrust imposed by
the actuation of safety valves (SV), hanger design shall include provision for
shock absorbing devices of approved design.

Vertical restraints near safety valves shall be preferred for taking SV discharge
thrust, provided equipment terminal reactions remains within allowable limit.

Attempts shall be made to avoid use of shock absorbers, dampers etc as far as
possible to take care of occasional loading like seismic effect etc by proper
engineering of the piping design and effective use of restraints. However, shock
absorbers, VISCO- dampers, wherever felt necessary are to be supplied and
erected by the bidder.

Layout of piping shall be properly designed to avoid excessive vibration by
effective use of restraints. However, wherever felt necessary, shock absorbers,
VISCO- dampers may be employed.

Hanger rods (except rigid hangers where both tension and compression may
occur) shall be subjected to tensile loading only. At hanger locations where
lateral movement is anticipated, suitable linkage and rocking washers shall be
provided to permit swing.

For all hangers, the length of suspension shall be so selected that the hanger
rod may never make an angle of more than 40 with vertical due to horizontal
pipe movements. If this cannot be avoided by erecting the hanger vertically for
cold condition, it shall be suitably off set so that the above requirement is fulfilled
in cold as well as hot conditions. Hangers shall be designed so that they cannot
become disengaged by movements of the supported pipe.

Hanger support rods of less than 10 mm diameter for supporting pipes 40 NB
and smaller and less than 13 mm diameter for supporting pipes of 50 NB and
larger, shall not be used.

Supports, guides and anchors shall be so designed that excess heat will not be
transmitted to the building steel.

Tie rods/struts shall preferably be used for restraints to achieve low friction
restraining.
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33.6.25

33.6.26

(dd) The Tie-rods/struts shall have proper arrangement and adequate length, so that,
thermal movements in other directions, which are intended to be free are not
constrained and there is no appreciable shift in centreline of pipe or the elevation
of the supporting point on pipe due to sway. The design shall have provisions for
adjusting the length to take up any slack and securely locking in position
permanently once adjustment is done.

(ee) Snubbers & dampers shall be designed to take seismic/dynamic loads, thrust
due to safety valve discharge. Effort shall be made to limit its use by judicious
placement of rigid hangers.

(ff) Bottom support spring hangers to be avoided as far as possible.
SPRING HANGERS

Constant load hangers shall generally be used when vertical displacement exceeds
40 mm or where the supporting effort variation of available variable spring exceeds
25%.

Constant load hanger shall be of moment coil spring counter balanced design or cam
& spring type. Variable spring hangers shall be of helical spring design. Spring
hanger/ assembly shall be constructed such that complete release of piping load is
impossible in case of spring miss alignment or failure.

Constant load hangers shall have a minimum field adjustment range of 15% of the
load. The total travel for constant speed load hangers shall be design travel plus 20%
but in no case shall be difference between total travel and design travel be less than
15 mm. The supporting effort variation throughout the travel range of constant load
hangers shall not exceed 6%.

Variable spring hangers shall have supporting effort variation of not more than 25%
throughout the total travel range.

All springs shall remain under compression throughout their operating regime and
never under tension.

Spring hangers shall have provision of rlocking the hangers in any position of the
travel.

Spring hangers shall be adjusted to the cold position before shipment and locked in
that position. The cold and hot position shall be clearly marked on the travel indicator
scales.

All spring hangers shall be locked before performing the hydro test. The locking shall
be removed before the line is placed under operation.

SNUBBERS

Snubbers shall be designed to allow normal movement of pipe due to thermal
expansion and shall require minimum maintenance.

Snubbers shall be of hydraulic type of Lisega/ ITT Girnell, Germany or owner
approved eqvt.

Axes of anubbers/ restraints shall be parallel to the direction of the expected reaction
force in operating condition.
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33.6.27

33.6.28

33.6.29

33.6.30

RESTRAINTS & ANCHORS
All anchors shall be designed for direct rigid fastening to the structural steel member.

Anchors, guides and restraints shall be capable of withstanding the forces and
moments due to thermal expansion and dynamic effects.

STEAM STRAPS & STRAINERS

Steam traps shall be of inverted bucket/ thermostatic type with integral or separate Y
type strainers.

Traps shall have stainless steel internals.

All'Y type strainers shal have stainless steel screen of not more than 20 mesh size.
Screen open area shall be at least four (4) times the pipe cross sectional area.

Strsiner shall have screwed blow off connection with removable plug.

Y type strainers shall be provided along with each steam trap in case the strainer
does not form an integral part of the trap.

SPECIFICATION FOR THERMAL INSULATION

Insulation materials, cladding and accessories
(a) The insulating material and cladding material shall be as per the tables of
material given in the subsequent clauses.

(b) All insulating materials, accessories and protective covering shall be non-
sulphurous, incombustible, low chloride content, chemically rot proof, non-
hygroscopic and shall be guaranteed to withstand continuouslay and without
deterioration the maximum temperature to which they will be subjected under the
specification conditions.

(c) The use of insulation of finishing materials containing asbestos in any form is not
permitted.

(d) Insulation mattress/section shall be supplied in thickness of 25,40,50 and 75 mm.
insulation of higher thickness shall be made up in multiple layer using
mattress/slabs of thickness specified above. However; if the required thickness is
not achieved, the mattress/slabs in increment of 5mm shall be acceptable. The
min. & the innermost layer shall be thicknest.

INSULATION MATERIALS
(a) Rock/glass insulation mattress shall be of long fibered rock or glass processed
into fibrous form bonded with a binder. No kind of slag wool inclusion is

acceptable.

(b) Calcium silicate pipe insulation shall be composed principally of hydrous calcium
silicate reinforced with mineral fibre. It should be asbestos free.
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(c) All insulation shall conform to the quality requirements laid down below and test
certificates on samples from the lot to be supplied shall be furnished to employer

for approval.

33.6.31 OTHER ACCESSORIES
The contractor shall also provide other accessories such as ceramic boards. Sealants
and washers as required.
33.6.32 INSTALLATION
(a) All surface to be installed shall be cleaned of all foreign materials such as dirt,
grease, rust etc, and shall be dry before the application of insulation.
(b) Before applying the insulation the contractor shall check that all instrument
tappings, clamps, lugs and other connections on the surface to be insulated have
been properly installed as per the relevant erection drawing.
(c) All flanged joints shall be insulated only after the final tightening and testing.
(d) The insulation shall be applied to all surfaces when they are eat ambient temp.
ample provision shall be made for the maximum possible thermal movement and
the insulation shall be applied so as to avoid breaking/ telescoping due to
alternate periods of expansion and contraction
(e) All cracks voids and depressions ahall be filled with finishing cement suitable for
the equipment operating temp. so as to form a smooth base for the application of
cladding.
33.6.33 INSULATION MATERIALS
Type#1 Type#2 Type#3 Type#4 Type#5 Type#6
Type Lightly resin | Lightly resin | Bonded glass | Resin bonded | Resin bonded | Calcium
bonded bonded wool mineral (rock) | glass mineral | silicate
mineral (rock) | mineral (rock) wool wool performed
wool wool performed performed block type
pipe section pipe section
Apparent 120-150 100 Kg/m® 64Kg/m® 140-150Kg/m® | 60-80 Kg/m® | 20-25 Kg/m®
density Kg/m®
Mtl. IS: 8183 IS: 8183 IS: 8183 IS: 9842 IS: 9842 IS: 8154
standards
Applicable Piping system | Piping system | Piping Piping system | Piping system | Piping
service & equipment | & equipment | system & | of 350 NB and | of 350 NB and | system &
with operating | with operating | equipment below with | below with | equipment
temg). above | temp. in range | with operating operating with
400°C of 60- 400°C operating temp. in range | temp. in range | operating
temp. in | of 60-650°C | of 60- 400°C | temp. in
ran%e of 60- range of
400°C 400- 600°C
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Testing

requirement

As per
1S:8183

8183 8183

8183 1S:9842 1S:8154

33.6.34 CLADDING MATERIAL & ACCESSORIES SHALL BE AS SPECIFIED HERE
UNDER:
Sl. No. | Item Basic specification Description
1. cladding Aluminium  ASTM  B-209-1060 | Thickness of sheathing
temper H14 or 1S:737 Gr.19000/H2 (a) 18SWG (1.219) for diameter for
insulated surface 450mm and
above and for flat surfaces.

(b) 20 SWG (0.91mm) for diameter
of insulated surface 150mm and
above upto 450mm.

(c) 22 SWG (0.71mm) for diameter
of insulated surface 150mm and
below.

2. Binding & lacing | Galvanized steel wire to IS: 280 for | 20 SAWG for all insulation interface
wire temp. below 400°C and stainless temperature.
to 1S:6528 for temp above 400°C
3. Straps & brands (i) Aluminium where interface | Band shall be 20 mm wide & 0.6 mm for
temg)erature are below | securing aluminium sheathing anodized
400°C aluminium bends shall be used.
(i) Stainless steel where
temgerature are above
400°C
4, screws Stainless steel Self tapping, chese headed
5. Hexagonal wire (i) Galvanized wire to IS :280 | Wire mesh netting shall be 10 to 13mm
mesh mesh for interface | aperture at least 0.56 mm diameter wire
temgerature upto
400°C
(i) Stainless steel wire for
temgerature above
400°C
33.6.35 INSTALLATION ON PIPING

(a) All vertical pipes shall be provided with the suitable insulation supports to prevent
collapsing/ crushing of insulation due to its self weight. Support rings shall be
provided on all vertical piping with a difference in elevation of 4 meter or above,
and there shall not be more than 3 meter straight length between support ring.

the bottom or at the sides of the pipe.

Longitudinal joints of insulation mattresses section of horizontal piping shall be on

When more than one layer of insulation mattress/section is required on piping the

circumferential joints on adjacent layer shall be staggered by atleast 150mm and
longitudinal joints shall be fitted on pipe using binding wires.
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33.6.36

(d)

(e)

(f)

(9)

(h)

(i)

()
(k)

()

The mattress type insulation shall be formed to fit the pipe and applied with the
mattress edges drawn together at the longitudinal joints and secured by lacing
wire pipe section insulation shall be fitted on pipe using binding wires.

The mattress type insulation is applied in two or more layers each layer of
mattress shall be backed with hexagonal wire mesh. For the first layer of
insulation and in case of single layer insulation, hexagonal wire mesh shall be
provided on both the surface of the mattress. For pipe sections, the sections shall
be held in place by binding wires without any wire mesh.

The ends of all wire loops shall be firmly twisted together with pliers, bent over
and carefully pressed into the surface of insulation. Any gap in the insulation shall
be filled with loose mineral wool or finishing cement.

Insulation mattress/section ends shall be terminated at a sufficient distance from
the flanges to facilitate removal of bolts.

The insulation shall be held in place by fastening over with binding wire for
insulation surface with diameter upto and including 550mm and with metal bends
for insulation surfaces with diameter over 550mm. the fastening shall be done at
intervals of 250mm except where specified otherwise. The ends of the binding
wire shall be hooked and embedded in the insulation the straps shall be
mechanically starched and fastened with metallic clamping seals of the same
materials as the strap.

Insulation for the application on bends and elbows shall be cut Into mitred
segments, sufficiently short to form a reasonably smooth internal surface. after
the application of insulation material in place, insulating cement shall be applied
as required to obtain a smooth surface.

Weather hoods shall be provided for insulated piping passing though floors/walls.

All pipe attachments coming on horizontal pipes, included pipes and bends shall
be insulated along with pipe such that there will be no insulation applied to
hanger rod and the component connecting hanger rod to pipe attachment. All
pipe attachments exposed to weather shall be provided with weather proof.

Upstream of all drain lines and the lines connected to steam traps, shall be
insulated upto and including first isolating valve for heat conservation. Rest of
such lines such as downstream of the drain valves, traps etc. and other lines
such as safety valve discharges, vents, etc. shall be insulated for personal
protection.

INSTALLATION ON VALVES AND FITTINGS

(@)

(b)

All valves fittings and specialties shall be insulated with the same type and
thickness of insulation as specified for the connected piping with the special
provision and or exceptions as given below.

All valves and flanges shall be provided with removable box type of insulation
covered with box fabricated from aluminum sheets of thickness same as the
connected pipe cladding. Adjoining pipe insulation shall be believed back to
permit removal bolts and nuts or bends. The portion of the valve which can not be
covered by box type insulation shall be filled by loose insulating material of
packing density at least equal to that of the insulating material of adjoining pipe.
The insulation for valve/flanges shall be applied after the finishing has been
applied over the connected piping. The cladding shall be applied in such a

Page 244 of 644



manner that the bonnet flange can be exposed easily without disturbing the
complete insulation and cladding.

(c) Expansion joints, metallic or rubber shall not be insulated unless otherwise
specifically indicated.

33.6.37 INSULATION ON EQUIPMENT

a | The insulation applied to the equipment shall be reinforced with hexagonal wire
mesh. One layer of wire mesh shall be provided on the equipment surface prior to
application of insulation.

b | Installation on horizontal cylindrical vessel/tanks (including heaters, deaerator, heat
exchanger etc.)

c | All the surface of insulation layer, applied on horizontal cylindrical al vessel shall be
securely fastened by brands upto vessel/tanks outer diameter of 150mm and below.
Where vessel/tank outer diameter exceeds 1500mm, binding wire passing through
insulation clip provided both longitudinally and circumferentially at 500 centers shall
be used. Gaps in the insulation shall be filled with insulation mineral wool and
finished with finishing cement so as to obtain a smooth surface for the supplication of
cladding. The contractor shall provide a support ribs/lugs on the surface of the
vessel/tank as necessary. The the contractor shall obtain the approval of the
employer and the equipment supplier’s field engineering representative before
performing any wlding on equipment. Any heat treatment equipment as per
recommendation of equipment supplier shall be performed by the contractor.

d | Installation on vertical cylindrical vessel/tanks (including flash tanks etc.)

e | All vertical vessels/tanks shall be provided with support rings/ribs with other
necessary frame work to take up the weight of the insulation prior to HT. the
contractor shall obtain the approval of the employer and the equipment supplier’s
field engineering representative before performing any welding on equipment. Any
heat treatment of vessel/equipment that is required after welding of rings/ribs on the
vessel/equipment shall be as per recommendation of equipment supplier and shall
be as per recommendation of equipment supplier and shall be performed by the
contractor.

f | The mattresses shall be held in position by means of 9 SWG steel wire nails, the
nails being 25 mm longer than the thickness of insulation to be applied. After the
mattresses have been placed over the nails, the nails shall be bent and embedded in
the insulation. Alternative, wire loops may be tack welded at 250mm centers to hold
the insulation in place.

33.6.38 INSTALLATION OF CLADDING

(a) All insulation shall be protected by means of an outer covering of aluminium
sheathing. All insulation/cladding joints shall be sealed and made effectively
weather and waterproof. All flat surfaces shall be given suitable slope to prevent
collection of pools of water on the cladding surface. All sheathing shall be
protected internally by the application of two coats of bitumenastic paint.

(b) All longitudinal joints shall have a minimum overlap of 50mm and shall be located
at 45°C or more below the horizontal for horizontal equipment joints shall be
made with cheese headed self tapping galvanized steel screws at 150mm
centers.
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33.6.39

33.6.40

33.6.40.1

33.6.40.2

33.6.40.3

33.6.40.4

(c) All circumferential joints shall have a minimum overlap of 100mm and shall be
held in position by stainless steel or anodized aluminium bands, stretched and
clamped.

(d) Removable box type cladding for valves and flanges shall be fitted on the
connected pipe cladding, with bands.

(e) Aluminium cladding shall not come directly into contact with either the equipment
surface or with the supporting arrangement on the equipment surface. to this end,
adequate layers of 3 mm thick ceramic board shall be provided between the
cladding and any supporting arrangement equipment surface, and fitted with self
tapping screws/metal bands, as applicable.

(f) For bends, fittings etc. the cladding shall be provided in segments as to ensure a
smooth finish of the cladding.

(g) For cladding on vertical pipes/equipment, provision for load take up shall be
made at every 2 to 4 meters along pipe/equipment axis.

(h) All joints shall be sealded with acrylic emulsion weather barrier.

(i) Galvanic corrosion shall be prevented by carefully avoiding permanent contact of
aluminium cladding with copper, copper alloys, tin, lead, nickel or nickel alloys
including monal metal.

TESTING AND GUARANTEE

(a) All tests, as per the applicable material standards and as specified shall be
carried out in accordance with the methods prescribed. Employer shall have the
right to witness any or all of the tests conducted by the contractor at the shop or
laboratory.

(b) The contractor shall guarantee that if on actual measurement the specified
maximum insulation surface temperatures are exceeded, the contractor shall
either replace the insulation with a superior material or provide additional
insulation thickness at no extra cost.

SPECIFICATION FOR HYDROSTATIC TEST OF PIPING SYSTEM

on completion of insulation/erection of the piping systems a hydraulic test in
accordance with the requirements of the Indian boiler regulations, shall be performed
by the contractor, the procedure adopted for hydraulic test shall have the prior
approval of the employer, the detailed schemes and procedure for carrying out
hydraulic testing shall be prepared and furnished by the contractor and it shall be
discusses and finalized during detailed engineering stage.

Cutting /welding/edge preparation and re-welding required for blanking, temporary
piping connection and /or for replacements by spool pieces including reinstallation of
components after hydraulic testing shall be the responsibility of contractor.

The water for the hydraulic test shall be made alkaline by addition of suitable
chemicals. After the test, the steam generator and high pressure external piping shall
be suitably drained and preserved.

all the valves, high pressure piping and interconnected pipes connecting the pressure

parts, shall be subjected to hydraulic test along with the pressure parts, all blank
flanges, removable plugs, temporary valves, piping and fittings, spools other
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33.6.40.5

33.6.41

33.6.41.1

33.6.41.2

33.6.41.3

33.6.42

accessories and services required for carrying out hydraulic testing of piping shall be
furnished by the contractor, the the pressurization equipment including water piping
from the supply, needed for the above test shall also be furnished b the contractor,
any defect noticed during the testing shall be rectified and the unit shall be retested
by the contractor.

The hydraulic test shall be considered successful only on certification to that effect by
the concerned inspecting authority as per the provision of the IBR and the project
manager.

SPECIFICATION FOR CHEMICAL CLEANING OF PIPING SYSTEM AND
EQUIPMENTS

It is indented to chemically clean the following piping system
(a) boiler feed piping

(b) heater drains piping

(c) main condensate piping

(d) extraction steam piping

(e) The following equipment which form a part of the above system shall also be
included in the cleaning operation.

i. H.P. heater
ii. L.P. heater
iii. Deaerator
iv. Gland steam cooler
v. Drain cooler

Before including chemicals, all the piping system and equipment listed above shall be
water flushed, water flushing will be followed by alkaline cleaning acid cleaning and
passivation.

How ever the bidder shall submit along with the offer his usual procedure and
practices for chemical cleaning of the piping and equipment specified. The bidder
shall submit all schematics, write-up, details of chemical to be used etc. and detailed
procedures he intends to follow, these schematics and procedures shall be subjected
to the approval of the employer.

PRE-CLEANING PROCEDURE

Prior to starting any phase of cleaning operation the following procedure shall be

ensured.

(a) Installation of all temporary piping valves, pumps and equipments as required for
the flushing and chemical cleaning operations.

(b) Temporary piping shall be routed at floor level as far as possible and secured in
place to prevent movement /vibration beyond applicable limits.

(c) Installation of the instruments as required to ensure satisfactory monitoring and

control of the cleaning process. The contractor shall also determine and arrange
location for sampling of the cleaning solution during cleaning.
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33.6.43

33.6.44

33.6.44.1

33.6.44.2

(d) Bypassing all regulation/control valves coming in the cleaning circuit or
installation of temporary spool pieces.

(e) Installation of special end covers and temporary suction strainers, for boiler feed
pumps and condensate pumps. Pump internals shall not be installed.

(f) Installation of the plastic seal in the condenser neck to protect the turbine from
alkaline fumes.

(g) Blocking and securing of all spring hangers in the steam lines which may be
flooded during the cleaning operation.

(h) Hand cleaning of the interiors of all vessels which are included in the cleaning
operation.

GENERAL CLEANING PROCEDURE

(a) Seal water lines to pump shall be broken and flushed.

(b) Where pipe lines terminate in spray headers, these headers shall be
inspected after each phase of the cleaning operation and cleaned if
necessary.

(c) All strainers shall be observed closely during the cleaning operation by

reading differential pressure gauges, and shall be cleaned when the
differential pressure exceeds a predetermined value.

(d) All high points, vents shall be opened periodically to ensure full system flow.

(e) Upon completion of each stage of cleaning, the waste products shall be
drained and transferred to the waste treatment basins, the contractor shall
then supply and add the necessary chemicals to the basin to neutralize all
waste solutions and rinses generated by the cleaning process, and arrange
for its disposal to an area to be indicated by the employer/engineer.

(f) Strictest safety precautions shall be exercised at all times during the chemical
cleaning and during storage and handling of the chemicals, the contractor
shall ensure provision of all protective clothing, apparatus and equipment
along with necessary first aid kits as required for handling the chemical and
for carrying out the cleaning operation.

SPECIFICATION FOR FLASH TANKS

The flash tanks and accessories shall be designed, manufactured and tested in
accordance with ASME boiler and pressure vessels (B&PV) codes (latest) and other
applicable ANSI standards referenced in the above codes.

NUMBER AND SIZING
Flash tank shall be provided into which all recoverable drains from turbine casing
extraction lines, valves, strainers, main steam, CRH and HRH line drains, cascaded

drains from heaters etc. shall be led. Number of flash tanks shall be as per tender
drg. Requirement/details of various flash tanks are given below.
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33.6.44.3

33.6.45

(a) High pressure HP flash tank for accommodating high pressure (above and
including hot reheat design pressure) steam drain and HP heater emergency
drains, as included in the tender drawing.

(b) Low pressure LP flash tank for accommodating low pressure (below hot reheat
design pressure) steam drain and LP heater emergency drains, as included in the
tender drawing.

(c) Atmospheric flash tank to accommodate alternate drains of steam lines, feed
water safety valve discharge and aux. steam line drains, as indicated in the
tender drawing.

CONSTRUCTIONAL FEATURES

(a) Flash tanks shall be vertical cylindrical design and of welded construction with
torispherical or hemi spherical heads.

(b) Drains/hot water inlet nozzles shall be tangential to the vessel periphery. Suitable
vortex breaker arrangement shall be made at the liquid outlet to the vessel. In the
contractor finds better alternative arrangement, the same can be submitted for
the employer acceptance & approval.

(c) The drain & the vent of the flash tanks shall be adequately sized and lead to the
condenser. There shall not be any valve on the drain and vent lines. Loop seal
shall be provided on the drain if required.

(d) A man hole shall be provided on the flash tanks for inspection purpose, it shall be
diameter of 500mm minimum. The man hole shall be of davit type and shall be
provided with grip.

(e) The flash tanks shall be located on the ground/mezzanine floor of the power
house. Necessary structural supports including anchor bolts shall be provided.
Three (3) support lags at 120 degree spacing shall be provided on each flash
tank. Necessary lugs for handling by the TG hall EOT crane shall be provided.

(f) The flash tanks shall be provided with a full length level including gauge glass
complete with protective rods. Isolation valves and drains. Temperature indicator
and temperature switches shall be provided on the flash tanks.

(g) The flash tanks shall be provided with access ladders. If required for the access
to the instruments, valves, main holes etc.

SCHEDULE OF MATERIAL

Shell and head ASTM A 285 Gr.C

Wear plate/baffle ASTM A 285 Gr.C

Nozzle neck ASTM A 106 Gr.B

Manhole nozzle flange and cover ASTM A 285 Gr.C

Couplings ASTM A 105

Bolts and studs ASTM A 193 Gr.B7

Nuts ASTM A 194 Gr.2H

Gaskets spiral wound SS 316 with graphite

However the material as per ASTM A 516 Gr. B shall be acceptable subject to the
relevant codes / standards permitting so for the design parameters of various flash
tanks.
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33.6.46

33.6.46.1

33.6.46.2

33.6.47

SPECIFICATION FOR METALLIC EXPANSION JOINTS

The expansion joint shall be metallic multi-bellows construction shall be used to
reduce the reactions (force and moments) at the connected equipment terminals due
to thermal expansion / contraction and/or vibration of connected equipment and

piping.

the design material, construction, manufacture, inspection testing and performance of
the expansion joints shall comply with the currently applicable requirement of EJMA,
boiler and pressure vessel code section Ill, ANSI B-31.1 and all statutes, regulations

and safety codes.

CONSTRUCTION DETAILS

(a) Bellows
.
iii.
iv.
V.
vi.
vii.
(b) sleeves
i.
(c) Tie bars

The bellow shall be hydraulically or roll formed from perfect
cylinders of single ply, 304 grade stainless steel.

The number of longitudinal weld seams shall be minimum and
there shall be no circumferential weld seam.

Cold formed stainless steel bellows shall not be heat treated.
All bellow elements shall be pickled after forming.

Equalizing rings, where required, shall be either from high quality
casting of from fabrication metal.

Flanged expansion joints shall be provided with adequate pipe
stubs.

Butt welded expansion joints shall have adequate length of pipe
so that site welding dose not impair or reduce the joints
efficiency.

Expansion joints will be furnishes with internal sleevs of the same
material as the belloes and installed with sufficient clearance to
allow full rated deflection. The sleeves shall be welded on the
flow inlet end of the joint only.

Bellow shall have external sleeves with an arrow including the
direction of flow on the outside. The external steel covers
provided to protect bellows from physical damages, shall be
suitable for supporting insulation where necessary and shall be
detachable.

Joints shall be shipped at neutral length. They shall be provided
with suitable erection and knock-off type temporary tie bars to
prevent damage and misalignment during transit and also with
permanent tie bars along with necessary nuts, bolts, etc.

The rod on pressure balanced type expansion joints shall be
adequately sized to prevent buckling in vacuum services or
services either other external loads.
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33.6.48

33.6.49

33.6.50

33.6.51

33.6.51.1

33.6.52.2

TYPE TEST OF METALLIC EXPANSION JOINT

Following tests (type tests) shall be carried out for metallic expansion joints as per the
procedures given in EJMA.

(a) Life cycle test

(b) Meridonal yields-rupture testing

(c) Squirm testing

for the purpose of carrying out type tests: metallic bellows shall be grouped based on
the parameters as give below. The bellows conforming to the same combination of
these parameters shall constitute one group. Type test shall be carried out on one or
specific above.

i. Material of bellow: based on material of bellow, bellow shall be categorized in
to three category namely carbon steel, stainless steel (Eg. SS304,316,321
etc.) & high alloy steel (Eg. inconal).

ii. Profile of convolutions: each profile shall be considered as separate category
(e.g. U profile, V profile & Lyra profile etc.)

iii. Dimension of bellows: based on the size, the categories shall be as under:

e Nominal diameter of metallic expansion joint up to and including
800mm NB.

o Nominal diameter of metallic expansion joint greater than 800mm NB
up to and including 1600mm NB.

e Each size above 1600mm NB shall be a separate category.

iv. Design pressure: based on the design pressure, bellows shall be categorized
as under:
e  Deign pressure from full vacuum up to 5Kg/sq.cm(g).

o Design pressure above 5Kg/sq.cm(g) and up to 10Kg/sg.cm(g) with
or without vacuum.

NUMBER OF CYCLES
For the life cycle test, the number of test cycles shall be minimum 10,000 cycles.

Other tests for the metallic expansion joint shall be carried out as per the approval
QP/QA section. Further, other terms and conditions for type test shall be as specified
elsewhere in the specification.

SPECIFICATION FOR SURFACE PREPARATION & PAINTING

Surface preparation methods and paint/ primer materials shall be of the type specified
herein. If the contractor desires to use any paint/primer materials other than that
specified specific approval shall be obtained by the contractor in writing from the
employer for using substitute material.

All paints shall be delivered to job site in manufactures sealed containers, each
container shall be labeled by the manufacture with the manufacture’s name type of
paint , batch no. and color.
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33.6.52.3

33.6.52.4

33.6.53

33.6.53.1

33.6.53.2

33.6.54

33.6.54.1

33.6.54.2

33.6.54.3

33.6.54.4

unless specified otherwise paint shall not be applied to surface of insulation, surface
of stainless /nickel/copper/brass/monal/aluminum/hastelloy/lead/galvanized steel
items, valve stem, pump rod, shaft gauges, bearing and contact surface, lined or clad
surfaces.

All pipelines shall be colour coded for identification as per the colour-coding scheme
indicated in Volume Il and which will be furnished to the contractor during detailed
engineering.

SURFACE PREPARTION

All surfaces to be paints shall be thoroughly cleaned of oil, grease and other foreign
matter, surfaces shall be free of moisture and contamination from chemicals and
solvents.

the following surfaces scheme are envisaged here, depending upon requirement any
one or a combination of these may be used for surface preparation before application
of primer.

SP1 solvent cleaning

SP2 application of rust converter (Ruskil or equivalent grade)

SP3 power tool cleaning

SP4 shot blasting (shot blasting shall be used as surface
preparation method for hot worked pipes prior to application of
primer)

SP4* shot blast cloning /abrasive blast cleaning to SA 21/2 (near

white metal) 35-50 microns
SP5 phosphating
SP6 Emery sheet cleaning/ manual wire brush cleaning.

APPICATION OF PRIMER /PAINT

The paint /primer manufacturer’s instructions covering thinning, mixing, method of
application, handling and drying time shall be strictly followed and considered as part
of this specification. The dry film thickness (DFT) of primer / paint shall be as
specification herein.

Surface prepared as per the surface preparation scheme indicated herein shall be
applied with primer paint within 6 hours after preparation of surface

Where primer coat has been applied in the shop, the primer coat shall be carefully
delaminated, cleaned and spot primed with one coat of the primer before applying
intermediate and finish coats. When the primer coat has not been applied in the shop,
primer coat shall be applied by brushing, rolling or spraying on the same day as the
surface is prepared, primer coat shall be applied prior to intermediate and finish
coats.

Steel surface that will be concealed by building walls shall be primed and finish
painted before the floor is erected. Tops of structural steel members that will be
covered by grating shall be premed and finish painted before the grating is
permanently secured.
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33.6.54.5

33.6.54.6

33.6.54.7

Following are the primer/painting schemes envisaged herein:

PS3

PS3*

PS4

PS5

PS9

PS9*

PS13

PS14

PS16

PS17

PS18

PS19

PS20

zinc chrome primer (Alkyd base) by brush/Spray to 1S104.
zinc chrome primer (Alkyd base) by dip coat.

synthetic Enamel (long oil alkyd) to 1S2932.

red oxide zinc phosphate to 1S-12744.

aluminum paint to IS 2339.

heat resistant aluminium paint to 1S-13183 Gr.-l (for
temperature 400 °C - 600 °C) , IS -13183 Gr.-ll (for
temperature  200°C -400°C) and 1S-13183 Gr.-lll (for
temperature up to 200°C)

rust preventive fluid by spray, dip or brush.

wieldable primer-Deoxaluminate or equivalent.

high build Epoxy CDC mastic "15’.

aliphatic acrylic polyurethane CDE134, %V=40.0 (min.)
Epoxy based TiO2 pigmented coat.

Epoxy based zinc phosphate primer (92% zinc in dry film
(min.)%VS=35.0 (min.)

Epoxy based finish paint.

All weld edge preparation for site welding shall be applied with one coat of wieldable.

For internal protection of pipes/tubes, VCI pellets shall be used at both ends after
sponge testing and ends capped. VCI pellets shall not be used for SS components
and composite assemblies.
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33.6.55 Primer/painting schedule

Sl. | Description Surface Primer coat Intermediate coat Finish coat Total Colour
No preparatio Syste Coat Min. min. shade
n m DFT/coat (microns
(microns) )
1 All insulated piping’s. Fittings/ SP3/SP4 PS 9 1 20 - - PS9* 1 20 40
componantes, pipe clamps,
vessels/tanks, equipments etc.
2 All insulated Design SP3/SP4 PS5 2 25 - - PS4 3% 35% 155%
piping’s. temgerature
Fittings/ <60°C
componantes, | Design SP3/SP4 PS 9* 1 20 - - PS9* 1 20 40
pipe clamps, temperature as per
vessels/tanks, | 60°C-200°C NTPC
equipments Design SP3/SP4 PS 9* 1 20 - - PS9* 1 20 40 colour
etc. temperature shade/
>200°C coding
3 Constant load SP4* PS 19 1 - - PS17 1 30 70 scheme
hanger (CLH).
Variable load 40
hanger (VLH)
and other
supports
4 Valves
Cast/forged Design SP1/SP2/S | PS9 1 20 - - PS9 1 20 40
temg)erature P3
<95°C
Design SP1/SP2/S | PS 9* 1 20 - - PS9* 1 20 40
temperature P3
95°C-200°C
Design SP1/SP2/S | PS 9* 1 20 - - PS9* 1 20 40
temperature P3
>200°C
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Sl. | Description Surface Primer Coat Intermediate coat Finish coat Total Colour
No preparatio min. shade
n (microns
)
Syste Coat
m
5 All structural outside TG SP4* Inorga | 1 75 PS18 75 a)) 2 25
steel building and in nic epoxy
componants SG envelope Ethyle coat 250
Zinc b)) final | 1 30
Silicate coat of
paint
PS1
Within TG SP4* -—-do--- | 1 35 PS18 35 a)) 2 25 150
building epoxy
coat
b)) final | 1 30
coat of
paint
PS1
6 Weld edges SP6(hand PS13 1 25 - - - - - -
cleaning by | (wielda
wire ble
brushing) primer)

$ The first 2 finished coats (total min. DFT of 70 microns) shall be done at shop and the 3™ finish coat (min. DFT 35 microns) shall be applied at site.
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33.6.56 Testing requirements:

The detailed testing requirements for power cycle piping and its components are given in the subsection for quality Assurance
(QA). The requirements pertaining to testing given in this subsection if in variance with that given in QA subsection, then the
more stringent of the two shall be followed.

Page 256 of 644



The following list of power cycle piping is an indicative one and is provided for the guidance
of the Bidder only. Items not mentioned but deemed necessary for making the system

ANNEXURE -1

LIST OF POWER CYCLE PIPING

complete shall also be included.

SR. NO. NAME DESCRIPTION

1.0 Main Steam lines From SH outlet to inlet of turbine

2.0 Main Steam Equalising Between RHS and LHS Main Steam
line lines

3.0 HP By-pass line Between Main Steam line and CRH line

4.0 Cold Reheat line Between HP turbine outlet and Reheater

5.0 Extraction line from CRH Between CRH and Deaerator

6.0 Extraction line from CRH Between CRH and H.P. heater

7.0 Extraction line from MS From MS equalising line to auxiliary
equalising line steam header

8.0 Steam supply to BFP From the main and alternative source
Turbine point to BFP Turbine Inlet

9.0 Extraction from  BFP 1. Between BFP discharge and H.P.
discharge By-pass 2. Between BFP discharge and

PRDS

10.0 Warm up line for HP Between MS line and H.P. By-pass line
By-pass

11.0 Hot Reheat lines Between Reheater and |.P. turbine

12.0 HRH equalising line Between LHS and RHS Hot Reheat lines

13.0 LP By-pass line Between HR line and condenser

14.0 Warm up line for LP Between LP By-pass line and HR line
By-pass

15.0 CEP Suction line Between condenser hot well and CEP.

16.0 Main condensate line Between CEP outlet and Deaerator

through
GSC, CPU, Drain Cooler, L.P. heaters.
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SR. NO. NAME DESCRIPTION
17.0 CEP Minimum Between main condensate line after CEP
Recirculation line to condenser.
18.0 GSC Minimum Between main condensate line after GSC
Recirculation line to condenser.
19.0 Deaerator filling line Between Condensate Transfer pump
discharge and deaerator
20.0 Boiler filling line Between Condensate Transfer pump
discharge and Boiler bottom ring header
/economiser inlet.
21.0 Fill up and Emergency From Condensate Transfer pump
discharge to make-up to condenser.
22.0 DMCW make-up tank From Cycle make-up pump discharge to
DMCW make-up tank.
23.0 Gravity Make-up to From condensate storage tank to
condenser condenser.
24.0 Condensate Dump Line Between M.C. line after GSC and
condensate storage tank.
25.0 Cycle make-up Pump Between Cycle make-up pump discharge
Recirculation header and Condensate Storage Tank.
26.0 Cycle make-up Pump From condensate storage tanks to Cycle
Suction Line make-up pump suction header.
27.0 By-pass line For all control valves
28.0 By-pass lines for heaters GSC, LP Heaters and HP Heaters.
(group  bypass/individual
bypass)
29.0 CEP sealing line Bidder’s choice.
30.0 All extractions from main For

condensate line

(a) Exhaust Hood spray

(b) Turbine Flash Tank spray

(c) L.P. By-pass spray
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SR. NO.

NAME

DESCRIPTION

(d) Water sealing of valves

(e) Vacuum breaker line sealing

() CEP sealing

(9) Analytical measurements

(h) Alkali flushing

(i) Spray water to GSC

desuperheater
g) Sampling
(k) Instrument seal pot
() Water sealing of valves & water

washing of BFP Turbine

(m)  Spares

31.0 Turbine flash tank drain From turbine Flash Tank drains to
and vent line condenser hot well
From flash vessels vent to condenser
steam
space
32.0 BFP Suction lines Between Deaerator and individual BFP
suction
33.0 Main Feed Water Line From BFP discharge through HP heaters,
control station up to economiser inlet
header
34.0 Steam turbine drive for Associated piping
BFP
35.0 Inlet line to attemperation From main feed water Iline to
water header attemperation water header
36.0 Extraction from BFP From BFP suction to sample cooler
suction, BFP warm-up & Balance Leak-
off line.
37.0 All extraction from Main (a) To Auxiliary Steam pressure

Feed Water line

reducing de-superheating station
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SR. NO.

NAME

DESCRIPTION

Stub for alkali flushing

HP By-pass spray

Blind Stub

(e)

Minimum re-circulation lines

38.0 Extraction lines From various stage of turbine/CRH to
L.P. Heaters, H.P. heaters, Deaerator
and BFP Turbines.

39.0 All vents of H.P and L.P. (a) L.P. Heater vents to Condenser

heaters
(b) H.P. Heater vents to Condenser
40.0 All cascade drain (@) From each HP Heater to next
connection between lower pressure HP Heater
heaters
(b) From the lowest pressure H.P.
heater to Dearator
(c) From each L.P. Heater to next
lower pressure L.P. heater
(d) From lowest pressure L.P. heater
to flash vessel through drain
cooler.
41.0 All Drip connections to (@)  From H.P. Heaters
Flash Tanks
(b) From L.P. Heaters (except the
lowest pressure L.P. heater)
(c) From Gland Steam condenser
42.0 Air Steam mixture line (@) ToGSC
from Turbine Glands
(b)  To Atmosphere
43.0 Vapour extraction line for From GSC through vapour extractors to
GSC atmosphere
44.0 By pass Line to GSC Through desuperheater to atmosphere
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SR. NO.

NAME

DESCRIPTION

45.0 Air steam mixture line To vacuum pumps
from condenser
46.0 Drip connections to From H.P. Heaters
Deaerator
47.0 Connections for air outlet From vacuum pumps to atmosphere
from vacuum pump
48.0 Steam connection to From final superheater outlet
Auxiliary steam header
49.0 High Temperature One with interconnection
Auxiliary Steam Header
50.0 Auxiliary Steam from High (@) To Gland Sealing unit
Temperature Header
(b)  For mill inerting (if required)
(c)  For soot blowing
51.0 Low Temperature One with interconnection
Auxiliary Steam Header
52.0 Auxiliary Steam from Low (@)  For Deaerator pegging
Temperature Header
(b)  For atomizing
(c)  For F.O. Heating
53.0 Extraction line from CRH From CRH line to auxiliary steam header

line
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13.0

131

13.11

13.1.2

13.1.3

CHAPTER 13

LP PIPING, VALVES & SPECIALITIES
Equipment sizing Criteria

All the piping systems and equipment supplied under this package shall be
designed to operate without replacement and with normal maintenance for a plant
service life of 30 years, and shall withstand the operating parameter fluctuations
and cycling which can be normally expected during this period.

For all LP piping system covered under this specification, sizing and system design
shall be to the requirements of relevant codes and standard indicated elsewhere.
In addition to this, requirements of any statutory code as applicable shall also be
taken into consideration.

Inside diameters of piping shall be calculated for the flow requirements of various
systems. The velocities for calculating the inside diameters shall be limited to the
following.

a) Water Application
Water Velocity in m/sec
Pipe Size Below 50-150 200 mm
50 mm mm & above
a) Pump sucton - 1.2-1.5 1.2-1.8
b) Pump discharge 1.2-1.8 1.8-24 2.1-2.5
and recirculation
c) Header 1.5-24 2.1-2.4

The pipes in CW, ACW & DMCW system shall be designed to maintain a
maximum velocity of 2 m/s inside the pipelines at pump discharge.

Pipe line under gravity flow shall be restricted to a flow velocity of 1 m/sec
generally Channels under gravity flow shall be sized for a maximum flow
velocity of 0.6 m/sec.

WILLIAM & HAZEN formula shall be used for calculating the friction loss in
piping systems with the following “C” value.

i) Carbon steel pipe 100
ii) Cl Pipe/Ductile Iron 100
iiil) Rubber lined steel pipe 120
iv) Stainless steel pipe 100

For calculating the required pump head for pump selection, at least 10%
margin shall be taken over the pipe friction losses and static head shall be
calculated from the minimum water level of the tank/sump/reservoir from
which the pumps draw water.

b) Compressed Air Application
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13.1.4

13.1.5

13.1.6

13.1.7

13.1.8

13.1.9

13.1.10

13.1.11

13.1.12

13.1.13

13.1.14

Compressed air — 15.0 m/sec. (under Average Pressure & Temp.
conditions)

The pipes shall be sized for the worst (i.e. maximum flow, temp. and pressure
values) operating conditions.

Based on the inside dia. so established, thickness calculation shall be made as per
ANSI B 31.1 OD and thickness of pipes shall than be selected as per ANSI B
36.10/1S-1239 Heavy grade/IS-3589/ASTM-A-53/API-5L/ANSI B 36.19 as the case
may be.

Corrosion allowance of 1.6 mm will be added to the calculated thickness being
considered.

Bend thinning allowance/manufacturing allowance etc. shall be as per the
requirement of the design code provision.

High points in piping system shall be provided with vents alongwith valves as per
the system requirement. Low points shall be provided with drains alongwith drain
valves as per the system requirement. Drain lines shall be adequately sized so as
to clear condensate in the lines. Material for drain and vent lines shall be
compatible with that of the parent pipe material.

Material of construction for pipes carrying various fluids shall be as specified
elsewhere.

Compressed air pipe work shall be adequately drained to prevent internal moisture
accumulation and moisture traps shall be provided at strategic locations in the
piping systems.

Depending upon the size and system pressure, joints in compressed air pipe work
shall be screwed or flanged. The flange shall be welded with the parent pipe at
shop and shall be hot dip galvanized before dispatch to site. Alternatively, the
flanges on Gl pipes may be screwed-on flanges also.

Threaded joints shall be provided with Teflon sealant tapes.

Following types of valves shall be used for the system/service indicated.

System Type of Valves
Butterfly Gate Globe Check Ball Plug

Water X X X X X

Air X X X X

Drains & Vents X X X

Fuel oil X X X X X

In water service, valves above 200 NB size shal be butterfly valves.
Recirculation pipes alongwith valves, breakdown orifices etc. shall be provided for

important pumping systems as indicated in respective process and instrumentation
diagrams (P&IDs). The recirculation pipe shall be sized for minimum 30% design
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flow of single pump operation or the recommended flow of the pump manufacturer
whichever is higher.

All Piping 450 NB & Above shall be designated as Large dia Piping.

TECHNICAL SPECIFICATION
GENERAL

Specific technical requirements of low-pressure piping, fittings, supports, valves,
specialties and tanks etc. have been covered under this Sub-section. It includes
details pertaining to design and material of construction for piping, fittings, valves,
equipment, etc. cleaning/surface preparation application of primer and painting on
over ground piping. It also includes detailed technical requirement of laying
underground/buried piping including water proofing/anti corrosive protection. It
also covers design, engineering, manufacturing, fabrication, technical details of
piping, valves, specialties, piping hangers/supports, tanks etc.

Pipes and fittings

All low pressure piping systems shall be capable of withstanding the maximum
pressure in the corresponding lines at the relevant temperatures. However, the
minimum thickness as adhered to. The bidder shall furnish the pipe sizing /
thickness calculation as per the criteria mentioned above under LP piping
equipment sizing criteria of this Technical Specification.

Piping ad fittings coming under the purview of IBR shall be designed satisfying the
requirements of IBR as a minimum.

Supporting arrangement of piping systems shall be properly designed for systems
where hydraulic shocks and pressure surges may arise in the system during
operation. Bidder should provide necessary protective arrangement like anchor
blocks/anchor bolt etc. for the safeguard of the piping systems under above
mentioned conditions. The requirement will be, however, worked out by the
contractor and he will submit the detailed drawings for thrust/anchor block to the
Employer. External, and internal, attachments to piping shall be designed so as
not to cause flattening of pipes and excessive localized bending stresses.

Bends, loops, off sets, expansion or flexible joints shall be used as required in
order to prevent overstressing the piping system and to provide adequate
flexibility. Flexibility analysis (using software packages such as Caesar-ll etc.)
shall be carried out for sufficiently long piping (straight run more than 300M).

Wherever Bidder’'s piping coming under this specification, terminates at an
equipments or terminal point not included in this specification, the reaction and the
thermal movement imposed by bidder’s piping on equipment terminal point shall
be within limits to be approved by the Employer.

The hot lines shall be supported with flexible connections to permit axial and
lateral movements. Flexibility analysis shall be carried out for pipelines which
have considerable straight run as indicated above and necessary loops/expansion
joint etc. shall be provided as may be necessary depending on layout.

Piping and fittings shall be manufactured by an approved manufacturer of repute.

They should be truly cylindrical of clear internal diameter, of uniform thickness,
smooth and strong, free from dents, cracks and holes and other defects.
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For rubber lined ERW pipes, beads shall be removed.

Inspection holes shall be provided at suitable locations for pipes 800 NB and
above as required for periodic observations and inspection purposes.

At all intersection joints, it is Contractor’s responsibility to design and provide
suitable reinforcements as per the applicable codes and standards.

For large size pipes/duct, at high point and bends/change of direction of flow, air
release valves shall be provided as dictated by the system requirement and
operation philosophy & tripping conditions of pumping system. Sizing criteria for
air release valves shall be generally on the basis of valve size to pipe diameter
ratio of 1:8. Requirement shall be decided as per relevant code.

Transient analysis / surge analysis wherever specified and required shall be
conducted in order to determine the location, number and size of the Air-Release
valve on certain long distance/high volume piping systems such as CW/ ACW/
Raw Water etc.

Material

Alternate materials offered by Bidder against those specified shall either be equal
to or superior to those specified, the responsibility for establishing equality or
superiority of the alternate materials offered rests entirely with the Bidder and any
standard code required for establishing the same shall be in English language.

No extra credit would be given to offers containing materials superior to those
specified. Likewise no extra credit would be given to offers containing pipe
thickness more than specified.

All materials shall be new and procured directly from the manufacturers. Materials
procured from traders or stockiest are not acceptable.

All materials shall be certified by proper material test certificates. All material test
certificates shall carry proper heat number or other acceptable reference to enable
identification of the certificate that certifies the material.

Material of construction for pipes carrying various fluids shall be as follows:

1. Circulating Water (CW) — CW | RCC DUCT WITH INSIDE
Pumphouse to Condenser & | PROTECTIVE COATING AS
Condenser to Cooling Tower INDICATED IN VOLUME VI

2. Circulating Water (CW) — Pump | IS 3589 FABRICATED FROM IS
Discharge, condenser  risers | 2062 PLATES —INTERNALLY LINED

including header near condenser
and cooling tower riser.

WITH CORROCOAT OR POLYUREA
COATING OF 1500 MICRONS DFT
/IGRP/ FRP

ACW

UPTO 150 NB - ASTM A 312 TP 316
L (ERW)/ DUPLEX SS

200 NB & ABVOVE - ERW IS 1978
(OR) APISL (OR) IS 3589
FABRICATED FROM IS 2062-
Internally lined with Corrocoat or
polyureA Coating inside of 1500
microns DFT

RO Stage | reject, RO Stage |l

UrTO 150 NB - ASTM A 312 TP 316
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Reject, Guard pond inlet &
discharge, Piping from Reject
sump,. Ash water piping using sea
water and all other sea water
applications.

L (ERW)/ DUPLEX SS

200 NB & ABVOVE - ERW IS 1978
(OR) APISL (OR) IS 3589
FABRICATED FROM IS 2062-
Internally lined with Corrocoat or
polyureA Coating inside of 1500
microns DFT/ GRP/ FRP

Fittings)

5. Sea Water Intake Pipe, CT Make | GRP
up, Make up upto clarifier & CT
Blowdown Pipe
6. RO Stage | Permeate, Filtered | 1IS-2062 Gr. B/JASTM-A-36/ASTM A-
Water, service water, AHP Seal | 53 type ‘E’ Gr. B/IS-3589 Gir.
Water, HVAC Make up, Air Pre- | 410/1S-1239 Heavy. 150 NB &
Heater Wash water, Passivated | above pipes shall be spiral welded.
DM Water and clarifier sludge.
7. RO Stage Il Permeate, | Stainless steel to ASTM A-312, Gr.
Dematerialized water, (condenser | 304 welded for sizes above 50mm
Make up water, Boiler fill and | NB
Deaerator Fill water) & DMCW
overhead tank make-up water Stainless steel to ASTM A312, Gr.
304 sch. 40 Seamless for sizes 50
mm and below
8. Drinking water ASTM A-53 type E Gr. B galvanized
/IS 1239 heavy galvanized/IS 3589
Gr 410 Galvanized to SI-4736 or
equivalent.
9. Instrument air & plant air. ASTM A-53 type E Gr. B galvanized
/IS 1239 heavy galvanized/IS 3589
Gr 410 Galvanized to SI-4736 or
equivalent.
10. Fuel Qil piping API5L
11. HOSES FOR HFO TANKER | CARBON STEEL - ELECTRO
HEATING (STEAM/ | ZINC PLATED
CONDENSATE)
12. FUEL OIL UNLOADING LINES IS1239 / 1S1978 / API5L Gr.B
(ERW) /183589
FABRICATED FROM IS 2062
PLATES
13. FUEL OIL PUMP DISCHARGE | ASTM A 106 GRB
LINES
14. UF Feed/ Chemical Backwash | CPVC ON 10 Sch 40
(Upto 150 NB) (Pipes & Fittings)
15. UF Feed/ Chemical Backwash (> | GRP
150 NB)
16. Sodium Hypochlorite (pipes & | CPVC Sch 80 ASTM
Fittings)
17. RO High pressuer Discharge | Dupless SS
(Pipes & Fittings)
18. Cleaning Solution Line (Pipes & | CPVC ON 10 Sch 40

In water lines, pipes upto 150 mm NB shall conform to ANSI B36.10/ASTM-A-53,
Type-E Gr. B/IS:1239 Gr. Heavy and minimum selected thickness shall not be
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less than IS: 1239 Grade heavy except for dematerialized water and condensate
spill lines.

Pipes of above 150 mm NB shall be to AWWA-C200/ANSI B 36.10/ASTM A-53/I1S
3589 Gr. 410. Pipe to be fabricated by the bidder shall be rolled and butt welded
from plates conforming to ASTM A-53 type ‘E’ Gr. B/IS 2062 Gr. B/ASTM-A-36.
However, larger pipes, i.e. 1000 mm NB and above shall be made from plates
conforming to ASTM A 36/IS 2062 Gr. B and shall meet the requirements of
AWWA-M-11(for deflection & buckling criteria considering water filled pipe as well
as vacuum condition that may prevail during transient/ surge conditions, truck-
load, rail-load and weight density for compacted soil or any other load as the case
may be).

In dematerialized water service, the pipes upto 50 NB shall be of stainless steel
ASTM A 312, Gr. 304 sch. 40 Seamless. The size for these pipes shall be to
ANSI B 36.19. These shall be socket welded. The material for pipe from 65 mm
NB upto and including 400 NB shall be to ASTM A 312, Gr. 304 (welded). In no
case the thickness of fittings shall be less than parent pipe thickness.

Bidder/Contractor shall note that pipes offered as per a particular code shall
conform to that code in all respects i.e. Dimension, tolerances, manufacturing
methods, material, heat treatment, testing requirements, etc. unless otherwise
mentioned elsewhere in the specification.

Instrument air, Plant (service) air lines and Drinking water lines shall be to ASTM
A 53 type E grade B/ANSI B 36. 10/IS 3589, Gr. 410/IS: 1239 Heavy (in case
thickness calculated is more than gr. Heavy, ANSI B 36.10 Schedule numbers
shall be followed) and galvanized to IS 4736 or any equivalent internationally
reputed standard. The material of the pipes shall be to ASTM A 53 type ‘E’ Gr.
B/IS: 3589, Gr. 410/IS: 1239 Gr. Heavy. The fittings shall be of either same as
parent material or malleable iron to 1S-1879 (galvanized).

Spiral welded pipes as per API-5L/IS-3589 are also acceptable for pipe of size
above 150 NB. However minimum thickness of the pipes shall be as elaborated
in above clauses.

Condensate lines shall be to ASTM A 106 Gr. B and dimension to ANSI B 36.10
schedule “standard” as minimum to be maintained.

If carbon steel plates of thickness more than 12 mm are used for manufacture of
pipes, fittings and other appurtenances, then the same shall be control-cooled or
normalized as the case may be following the guidelines of the governing code.

Piping Wall Thickness

The calculation of wall thickness required for pipelines subject to internal and/or
external pressure shall be based on the formulae and recommendations as given
in the applicable codes. Adequate allowances shall be made towards thinning due
to bending, weakening at branch connections, threading, commercial tolerances on
pipe wall thickness, corrosion and erosion, etc., and the same shall be subject to
approval by Purchaser. In any case a minimum corrosion allowance of 1.0 mm
shall be considered while selecting the thickness.

In case of carbon steel materials, the nominal wall thickness of pipeline shall not be
less than the minimum acceptable values given below:

Page 267 of 644



13.5.00

13.5.1

13.5.2

13.5.3

13.54

13.5.5

13.5.6

13.5.7

NB mm 15 30 25 32 40 50 65 80 100 | 125
(inch) (1/2) (3/4) | (1) (14) | (1.5) (2) (2.5) | (3) (4) (5)
Min. 3.2 3.2 3.6 3.6 3.6 36 |36 4.0 45 |54
thickness,

mm

NB mm 150 200 | 250 | 300 350 400 | 450 500 | 600 (24)

(inch) (6) (8) (10) | (12) | (14) (16) | (18) | (20)

Min. 54 6.35 | 6.35 | 6.35 | 7.1 71 71 8.0 8.0
thickness,

mm

> NB 600 mm to NB 900 mm - 8.0 mm

> NB 900 mm to NB 1200 mm - 10.0 mm

> NB 1200 mm to 1400 mm - 12.0 mm

> NB 1400 mm to 1600 mm - 14.0 mm

> NB 1600 mm to NB 2200 mm - 16.0 mm

> NB 2200 mm - 18.0 mm

Piping Layout

Piping shall be grouped together where practicable and routed to present a neat
appearance.

Piping routing shall be such as to provide sufficient clearance for removal and
maintenance of equipment, easy access to valves, instruments and other
accessories. The piping shall not encroach on the withdrawal space of various
equipments.

Over head piping shall have a normal minimum vertical clearance of 2.5 meters
above walkways and working areas and 8 m above roadways/railways. When
several pipelines are laid parallel, flanged joints must be staggered. Welded and
flanged joints should as far as possible be located at one third span from supports.
If the support is situated right under the welded joints this joint must be reinforced
with a strap. Flanged and welded joints must be avoided in the middle of the span.
Valves should be located in such a manner so as to ensure their convenient
operation from the floor or the nearest platform.

Pipelines of NB 50 size and below are regarded as field run piping. It is Bidder's
responsibility to plan suitable layouts for these system insitu. Bidder shall prepare
drawings indicating the layout of field run pipe work. These drawings shall be
approved by Project Manager to the installation of the field run pipe work. Based
on these approved layouts the Bidder shall prepare the BOQ of field run-pipe and
submit to Employer for approval.

All piping shall be routed so as to avoid interference with other pipes and their
hangers and supports, electrical cable trays, ventilation ducting, structural
members, equipment etc.

Adequate clearance shall be ensured with respect to the above to accommodate
insulation and pipe movements, if any.

Piping shall generally be routed above ground but where specifically indicated /

approved by the project Manager the pipes may be arranged in trenches or buried.
Pipes at working temperature above the ambient shall however not be buried.
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Sufficient up stream and down stream lengths shall be provided for flow measuring
devices, control valves and other specialties.

All local instruments shall be located on pipelines as to render them observable
from the nearest available platforms.

Openings provided in the wall for pipelines must be closed with bricks and mortar
with 10-12 mm clearance between brick work and pipe after taking care of
insulation and thermal movement, if any. The clear space must be filled with felt or
asbestos or approved filling compound.

Slope/Drains and Vents

Suitable slope shall be provided for all pipelines towards drain points. It is Bidder
responsibility to identify the requirements of drains and vents, and supply the
necessary pipe work, valves, fittings, hangers and supports etc. As per the system
requirement low points in the pipelines shall be provided with suitable draining
arrangement and high points shall be provided with vent connections where air or
gas pockets may occur. Vent shall not be less than 15 mm size. Drains shall be
provided at low points and at pockets in piping such that complete drainage of all
systems is possible. Drain shall not be less than 15 mm for line size up to 150 mm,
not less than 20 mm up to 300 mm and not less than 25 mm for 350 mm to 600
mm pipes and not less than 50 mm for 600 mm and above pipes.

Air piping shall be sloped so that any part of the system can be drained through the
shut-off drain valve or drain plugs.

Pipe Joints

In general all water lines 65 mm NB and above, are to be joined generally by butt
welding except the locations where valves/fittings are to be installed with flanged
connections and 50 mm and below by socket welding unless mentioned otherwise
specifically. All air lines shall be of screwed connection and rubber lined pipes of
flanged connections.

Screwed

(a) Threading of pipes shall be carried out after bending, heat treatment etc. If
not possible, threading may be done prior to these operations but proper
care should be taken to protect them from damage. Threads shall be to
ANSI B 2.1 (taper) NPT/IS:554 unless specified otherwise.

(b) Galvanized pipe shall generally be joined by screwing into sockets. The
exposed threaded portion on the outside of the pipes shall be given a zinc
silicate coating. Galvanized pipes shall not be joined by welding. Screwed
ends of Gl pipes shall be thoroughly cleaned and painted with a mixture of
red and white lead before jointing. For galvanized pipe sizes above 150
mm NB, screw & socket jointing as per ASTM-A-865 shall be employed for
both pipe-to-pipe and pipe-to-fitting jointing. For pipe to fitting connection
since no direct threading can be done on the fittings (supplied as per
ASTM-A-234 Gr. WPB and ANSI B-16.9) necessary straight pipe lengths
acting as match pieces shall be welded to the fitting at both ends and
subsequently the free ends of the straight lengths shall be threaded as per
ASTM A-865 for jointing with main pipe. Once welding of fittings with
match pieces and threading of free ends of match pieces are over, the
entire fabricated piece shall be galvanized, or in case match pipes an
fittings are already galvanized before the above mentioned fabrication then
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(c)

(d)

(e)

Welded

(@)

suitable application of Zinc-Silicate paste adequately at the welded surface
(both in side & out side) after welding with zinc rich electrode, alongwith
the nascent threaded metal portion at both free ends given the same
application of Zinc Silicate paste. Alternatively flanged jointing may be
employed for pipe sizes 100 NB and above. However, the bidder shall
ensure the galvanized pipe joints do not fail during hydro test.

Teflon tapes shall be used to seal out screwed joints and shall be applied
to the male threads only. Threaded parts shall be wiped clean of oil or
grease with appropriate solvent if necessary and allowing proper time for
drying before applying the sealant. Pipe ends shall be reamed and all
chips shall be removed. Screwed flanges shall be attached by screwing
the pipe through the flange and the pipe and flange shall be refaced
accurately.

For pipe sizes from 350 mm NB to 550 mm NB (including 350 NB & 550
NB) the Gl pipes shall be of flanged connection. However, the pipes after
welding of flanges shall be completely galvanized. Any site welding done
on galvanized pipes shall be done with zinc-rich special electrodes and the
welded surfaces whether inside or outside shall be coated with zinc-silicate
pasts. Seal welding of flanges with zinc-rich electrode will be permitted
only when any flange is leak-prone during hydro testing.

For pipe sizes 600 mm NB and above, the Gl pipes shall be of welded
connection (with zinc-rich special electrodes) followed by application of
zinc silicate coating at welded surfaces both inside and outside the pipe,
except for the last blank/blind flange, or, equipment connection where
application of zinc-silicate paste after welding cannot be done due to
inaccessibility of the inside welded surface and where galvanic protection
has been impaired due to welding of pipe-to-pipe joint. Thus the last
erection joint shall be flanged joint.

For making up welded joints (butt weld or socket weld) the welding shall be
performed by manual shielded metal arc process in accordance with the
requirements specified elsewhere in the spec. Any welder employed for
carrying butt welding shall be qualified as per ASME section IX for the type
of joints he is going to weld. Jointing by butt weld, or socket weld shall
depend upon the respective piping material specifications.

Flanged

(@)

(b)

(c)

Flanged connections for pipes are to be kept to the minimum and used
only for connections to vessel, equipments, flanged valves and other
fittings like strainer/traps/orifices etc. for ease of connection and
maintenance etc. Rubber lined pipes shall be flange joined only.

All flanged valves intended for installation on steel piping system, shall
have their flanges drilled to ANSI B 16.5 (or equivalent) and according to
the pressure class stated in their respective piping material specification.

Drilling on flanges of flanged valves must correspond to the drilling of
flanges on the piping system on which the valves are installed.

Bends/elbows/mitre bends/Tees/Reducers & other fittings

Page 270 of 644



13.8.1

13.8.2

13.8.3

13.8.4

13.8.5

13.8.6

13.8.7

13.9.00

13.9.1

13.9.2

13.10.00

Unless otherwise specified elbows shall be of long radius type.

For pipe sizes up to 65 Nb, long radius forged elbows or seamless pipe bends shall
be used. Pipe bends, if used, shall be cold bent to a radius measured to the centre
line of pipe of 3 to 5 times the pipe diameter.

For steel pipes 80 Nb and above, seamless long radius forged elbows shall be
used. For pipe size 250 Nb and above mitre bends may be used for all pipes
except rubber lined pipes. The bend radius shall be 1% times the nominal pipe
diameter. 90 deg. Bends (mitre) shall be in 4 pieces (3 cuts) and 45 deg. mitre
bends shall be in 3 pieces 22% deg. Fabrication of mitre bends shall be as
detailed in BS 2633/BS534.

Mitre bends are not acceptable in case of rubber lined mild steel pipes.

For pipe fittings such as reducers an tees, the material shall be to astm-a-234 gr.
WPB up to 300 NB. For pipe reducers and tees above 300 NB, the fittings may be
fabricated conforming to parent pipe material. Provision of compensation pads
shall be kept as per ANSI B 31.1. The fittings shall conform to the dimensional
standard of ANSI B-16.9.

However, for pipes upto 150 NB, pipe fittings may be supplied with material and
dimension conforming to IS 1239 in case parent pipes also conform to IS 1239.

For pipes, above 1200 NB, reducer and tees shall be to dimensional standard of
AWWA-C-208.

Stainless steel fittings shall conform to either ASTM-A-182, Gr. 304 (316 for Sea
water application, if any) or ASTM-A-403, Gr. WP 304 (316 for Sea Water
application, if any) Class-S, for sizes upto and including 50 mm NB, i.e. the fitting
shall be of seamless construction.

However, for stainless steel fittings above 50mm NB, the same shall conform to
ASTM-A-403, Gr. WP 304 (316 for Sea water application, if any), Class W i.e. the
fittings shall be of welded construction strictly in accordance with ASTM-A-403.

In no case, the thickness of fittings shall be less than the thickness of parent pipe,
irrespective of material of construction.

Flanges
Flanges shall be slip on type. Welding of flanges in tension is not permitted.

All flanges and-flanged drilling shall be to ANSI B 16.5/BS EN-1092 of relevant
pressure/temperature class. Flanges shall be fabricated from steel plates
conforming to ASTM A 105/IS 2062 Gr. B. However stainless steel flanges shall
be fabricated from SS plates to ASTM-A-240, Gr. 304 (316 for Sea water
application, if any) or equivalent. For all Sea Water applications including guard
pond, reject sump, CW, ACW, CT make Up, Sea Water Intake, RO Stage | Reject,
RO Stage Il Reject, Ash water (Sea water) etc flanges & bolts & nuts shall be SS
316 L construction.

Specific technical requirement of laying buried pipe with anti corrosive
treatment
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The pipe in general shall be laid with the top of the pipe minimum 1.0 (one) meter
below finished general ground level.

Trenching

(a) The trench shall be cut true to the line and level and shall follow the
gradient of the pipeline. The width of the trench shall be sufficient to give
free working space on each side of the pipe. Trenches shall conform to IS
5822.

(b) Free access shall be provided for the welding of the circumferential joints
by increasing the width and depth of the trench at these points. There
should be no obstruction to the welder from any side so that good welded
joint is obtained.

(c) The free working space shall conform to IS: 5822. The trench shall be
excavated so as to provide minimum cover of 1000 mm between the top of
the pipe and finished grade.

(d) Prior to lowering and laying pipe in any trench, the bidder shall backfill and
compact the bottom of the trench or excavation in accordance with IS:
5822 to provide an acceptable bed for placing the pipe.

(e) Coating and Wrapping shall be done as under.
Preparation and cleaning of piping

(a) The pipeline shall be thoroughly cleaned of all rust, grease, dirt, weld
scales and weld burrs etc. moisture or other foreign matter by power
cleaning method such as sand blasting, power tool cleaning, etc. Grease
or heavy oil shall be removed by washing with a volatile solvent such as
gasoline. Kerosene will not be permitted for cleaning. This cleaning
operation shall be immediately followed by priming with the mechanical
priming machine.

(b) Certain inaccessible portions of the pipeline (which otherwise not possible
to be cleaned by power cleaning methods) may be scrubbed manually with
a stiff wire brush and scrapped where necessary with specific permission
of the Project Manager.

(c) The cleaning and priming operation shall be carried out at site. The entire
pipe length shall be cleaned but the ends of the pipes shall be left without
coating for a distance of 230 mm for joints, which shall be coating manually
at site after laying, welding and testing the pipe.

Trench bed preparation and back filling

Prior to lowering and laying pipe in any excavated trench, the bottom of the trench
may require to be back filled and compacted (or as the case may be) to provide an
acceptable bed for placing the pipe. Bed preparation in general shall be as per IS:
5822.

Laying of galvanized steel (Gl) pipes

All the joints shall be screwed with socket or flanged. Screwed ends of Gl pipes
shall be thoroughly cleaned and painted with a mixture of red and white lead before
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jointing Threaded portion on either side of the socket joints shall be applied with
Zinc silicate paste.

All the provisions for trenching’ bed preparation’ laying the pipe application of
primer’ coating’ wrapping with tapes and back filling etc. as indicated for “laying of
buried piping” and “anti corrosive protection for buried piping” are applicable for
buried galvanized steel (Gl) pipes also.

Cleaning and Flushing

All piping shall be cleaned by the Bidder before and after erection to remove
grease, dirt, dust, scale and welding slag.

Before erection all pipe work, assemblies, sub-assemblies, fittings, and
components, etc. shall be thoroughly cleaned internally and externally by blast
cleaning or by power driven wire brushes and followed by air-blowing. The
brushes shall be of the same or similar material as the metal being cleaned.
Cleaning of Galvanized pipes shall be done in such a manner that the coating on
MS pipe is not affected.

After erection, all water lines shall be 1.2-1.5 times the operating velocities in the
pipelines.

All compressed air pipe work shall be cleaned by blowing compressed air.

Painting of Pipes
Buried Piping
Internal surfaces

(i) Surface cleaning by sand blasting.

(i) Two (2) coats of epoxy primer coats. The minimum DFT of each coat shall be
35 microns.

(iii) Finish coat-Two (2) coats of high build epoxy paint. The minimum DFT of
each coat shall be 35 microns.

The total dry film thickness of 150 microns.

Tests to be carried out after application : Bond/ Adhesion test, Holiday test
External surfaces

(i) Surface cleaning by Sand Blasting.

(i) Coal tar primer compatible with coal tar enamel grade. The number of coats
shall be two with a DFT of 35 microns each.

(iii) Coal tar enamel shall be applied. A single spiral inner wrap of glass fibre
tissues shall be applied overlapping at least 25 mm ensuring impregnation of
glass fibre tissues in the first coat. The second coat of enamel and second
outer wrap of glass fibre felt, Type — | to IS: 7193-1974 will be applied in the
same way confirming to Table — 10 of IS — 10221 — 1982.
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The total thickness of the coating will not be less than 4.0 mm
(iv) Alternatively Wrapping with coal tar based anticorrosion tape conforming to IS
15337: 2003 is also acceptable in lieu of s.no. (iii) above. Wrapping thickness
shall be 4.0 mm.
Tests to be carried out after application : Bond/ Adhesion test, Holiday test
Overground Piping
Internal surfaces

(i) Surface cleaning by sand blasting.

(i) Two (2) coats of epoxy primer coats. The minimum DFT of each coat shall be
35 microns.

(i) Finish coat-Two (2) coats of high build epoxy paint. The minimum DFT of
each coat shall be 35 microns.

The total dry film thickness of 150 microns.
External surfaces
(i) Surface cleaning by Sand Blasting.

(i) Two (2) coats of epoxy primer coats. The minimum DFT of each coat shall be
35 microns.

(iii) Finish coat-Two (2) coats of high build epoxy paint. The minimum DFT of
each coat shall be 35 microns.

Other requirements

(a) Paint manufacturers instructions shall be followed in method of application,
handling, drying time etc.

(b) The color of the finish paint shall be as per approved color-coding.

(c) If finish paint was applied in shop, one coat of finish paint shall be applied
at site.

(d) The dry film thickness of paint shall not be less than 0.15 mm.
Color code for identification

The pipes shall be color painted/banded for identification as per the approved
color-coding scheme and shall be generally as per 1S-9404.

Specification for hangers and supports

All supports and parts shall conform to the requirement of power piping code ANSI
B 31.1 or approved equivalent.

While designing supports for rubber lined pipes special consideration should be
given. Any kind of welding on these pipes is not allowed after rubber lining.
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13.13.3

13.13.4

13.13.5

13.13.6

13.13.7

13.13.8

13.13.9

13.14.00

13.14.1

Hanger for piping 65 mm Nb and larger and all spring support assemblies
regardless of size shall be completely engineered in conformance with the
provisions of power piping code ANSI B 31.1.

Hangers, saddles, supports etc. shall be fabricated from plates/pipes sections
conforming to ASTM A 53/IS: 2062/1S:226/ or equivalent. They shall be designed
to provide the required supporting effects and allow pipeline movements as
necessary. The structural steel work shall be as per IS: 800/BS:4360. Insulation
protection saddles shall be used at support point of all insulated piping.

The support shall be so interspaced as to minimize sagging of the pipes and to
keep them with in permissible limits where pipes are full with the conveying media.

The maximum spans of the supports of straight length shall not exceed the
recommended values indicated in ANSI B 31.1.

All pipe supports shall be designed to provide an absolute minimum head room of
2.5 m from floor in passages/walkways.

At all sliding surfaces of supports suitable arrangement is to be provided to
minimize sliding friction.

All components of hangers/support shall be provided with two coats of primer (red
oxide paint) at shop before dispatch to site. After erection they shall be given finish
coat of Long Oil Synthetic enamel to 1S: 2932 of total DFT 100 to 140 microns.
CLH & VLH will be primed with Epoxy Zinc rich primer of 50 micron followed by
finish painting of Aliphatic Acrylic Polyurethane or equivalent of DFT 65 microns.

Design/Construction/Material Particulars of Gate/Globe/Check Valves/Globe
Stop Valve/Butterfly Valve

GENERAL

(a) All valves shall be suitable for the service conditions i.e. flow, temperature
and pressure, at which they are required to operate.

(b) The valves as well as all accessories shall be designed for easy
disassembly and maintenance.

(c) Valves to be installed outside shall be required to have the stem properly
protected against atmospheric corrosion.

(d) All rising stem valves shall be provided with back seat to permit repacking
(of glands) with valves in operation. All valves shall preferably be of
outside screw and yoke type.

(e) All valves shall be closed by rotating the hand wheel in the clockwise
direction when looking at the face of the hand wheel. In case where the
hand wheel is not directly attached to the valve spindle suitable gearing
shall be introduced.

(f) All valves shall have indicators or direction clearly marked on the hand-
wheel so that the valves opening/closing can be readily determined.

(9) Special attention shall be given to operating mechanism for large size
valves with a view to obtaining quick and easy operation ensuring that a
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minimum of maintenance is required. For valves of size 350 mm and
above either bevel or spur gearing shall be provided to facilitate manual
operation.

The valves coming in vacuum lines shall be of extended gland type and /
or water sealed.

The actuator-operated valves shall be designed on the basis of the
following:

(1) The internal parts shall be suitable to support the pressure caused
by the actuators.

(2) The valve-actuator unit shall be suitably stiff so as not to cause
vibrations, misalignments, etc.

(3) All actuator-operated valves shall be provided with hand operated
gearing mechanism also.

(4) All actuators operated valves shall open/close fully within time
required by the process.

Valves coming under the purview of IBR shall meet IBR requirements.

Gate/sluice valves shall be used for isolation of flow. Gate valves shall be
provided with the following accessories in addition to other standard items:

(1) Hand wheel
(2) Position indicator (for above 50 mm NB valve size)
(3) Draining arrangement wherever required.

Globe valves shall be used for regulation purposes. They shall be
provided with hand wheel, position indicator, draining arrangement
(wherever required) and arrow indicating flow direction.

Check valves shall be used for non-return service. They shall be swing
check type or double door (Dual plate) check type with a permanent arrow
inscription on the valve body indicating the fluid flow direction. In long
distance pipes lines with possibility of surge-occurrence, dual plate check
valves are preferable for its spring controlled opening/closing of flaps/doors
against flow reversals. However, dual plate check valves shall not be used
for sizes more than 600 mm NB.

All gate and globe valves shall be provided with back seating arrangement
to enable on line changing of gland packing.

All gate and globe valves shall be rising stem type and shall have limit
switches for full OPEN and full CLOSED indication wherever required.
This will include motor-operated valves also wherever required. In such
cases the limit switches shall form an integral part of the valve. Stop-gap
arrangement in this respect is not acceptable.

All valves shall be provided with embossed name plate giving details such
as tag number, type, size etc.
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