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1.0 SCOPE: 

1.1 This specification is intended to cover design, engineering, manufacturing, painting, 
inspection & testing at manufacturer’s works, complete with all accessories including 
start up, erection and commissioning spares, seaworthy packing, and delivery to CHA 
Godown Mumbai Port. In addition, the bidder’s scope shall include supervision of 
erection and commissioning, site testing, trial run, performance demonstration for the 
SEWAGE TREATMENT PLANT for 400 MW, MARIB GTPS, PHASE-II. PEC, MINISTRY OF 
ELECTRICITY AND ENERGY, REPUBLIC OF YEMEN. The scope of supply shall fully 
cover the requirement of the Design Criteria and Technical Specification of this 
specification.

1.2 It is not the intent to specify all the details of the design & manufacture. However, the 
equipment shall conform in all respect to high standard of design, engineering & 
workmanship and shall be capable of performing the required duties in a manner 
acceptable to Engineer / Purchaser, who will interpret the meaning of drawing & the 
specification & shall be entitled to reject any work or material, which is not in full 
accordance herewith. 

1.3 The bidder’s scope shall also include any other services, etc. if called for in the 
succeeding sections of the specification. 

1.4 Items though not specifically mentioned but needed to make the system complete as 
stipulated under these specifications are also to be furnished unless otherwise 
specifically excluded. 

1.5 In case of any deviation / clarification, the Bidder shall indicate the same clause by 
clause in the deviation / clarification schedule. In the absence of the same it will be 
construed that the bid conform strictly to the specification. 

1.6 General terms & conditions, instructions to the bidder and other attachments referred 
to elsewhere, made part of tender specification. The bidder shall be responsible for 
all governed by requirements stipulated hereinafter. 

1.7 In case of any data/requirement stipulated in the drawing but not in the specification 
and vise-versa such data/requirement shall be deemed to be contained in both. 
Contradictions between drawings and specifications, if any, shall be brought to the 
attention of the BHEL / customer by the bidder and the correct requirement shall be 
obtained.

1.8 In the event of any conflict between two clauses of specification bidder has to point 
out those points in pre award stage in clarification format attached with the 
specification. In absence of the same BHEL / customer interpretation will prevail after 
award of contract during detailed engineering.

1.9 Deviations along with cost of withdrawal (positive or negative), if any, should be very 
clearly brought out clause by clause in the enclosed schedule; otherwise, it will be 
presumed that the vendor's offer is strictly in line with NIT specification. 

1.10 The equipment covered under this specification shall not be dispatched unless the 
same have been finally inspected, accepted and shipping release issue by 
BHEL/Customer. 
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1.11 BHEL’s / Customer’s representative shall be given full access to the shop in which 
the equipments are being manufactured or tested and all test records shall be made 
available to him. 

1.12 Bidder is required to depute his qualified personal to power station site to supervise in 
erection, commissioning, trial run and Performance demonstration as per BHEL 
requirement.

1.13 Unpriced copy of the price bid shall be furnished along with the technical bid. 
Unpriced schedule is enclosed in volume –III. 

1.14 The omission of specific references to any component / accessory necessary for the 
proper performance of Sewage Treatment System shall not relieve the bidder of the 
responsibility of providing such facilities to complete the supply of equipment at 
quoted prices. 
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1.  Owner PUBLIC ELECTRICITY CORPORATION, MINISTRY OF 
ELECTRICITY AND ENERGY , REPUBLIC OF YEMEN 

2.  Project 400 MW MARIB GTPS PHASE-II 

3.  Owner’s consultant The Kuljian corporation , Philadelphia , USA 

4.  Location Marib  , Yemen 

5.  Nearest Airport El Rahaba Airport (SAH), Sana'a, Yemen 

6.  Nearest Railway Station No rail network in Yemen 

7.  Access to site 

a. Through sea:  

� Distance of site: From Aden Port (Gulf of 
Aden): 419 Km 

b. By Air : Sana’a Airport 

� Distance from site : 172 Km 

8. Site data 

A Altitude  1100 m above Mean Sea Level 

B Ambient Air Temperature 45 ºC

C RELATIVE HUMIDITY 

 Design Relative Humidity 60%

D RAINFALL 

1. Average Rainfall per annum < 100 mm 

E WIND VELOCITY & PRESSURE  

1. Max. Design Wind Velocity 120 km/h 

2. Max. Barometric Pressure 
Barometric Pressure at sea level 

1023.6 mbar 
887.7 mbar 

F SEISMIC ZONE UBC 1997,Zone-2 A

9.0 Design Ambient temperature for Gas Turbine & 
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A Mechanical equipment 
45 ºC 

B
Design Ambient temperature of electrical equipment 50 ºC 

10.0 Electrical Details  Refer attached Annexure-I

6
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1. GENERAL 

 The Sewage Treatment Plant and associated accessories shall conform to the technical specification. 

2. SCOPE OF SUPPLY (MECHANICAL) 

Broad scope of work of this package includes all equipment and accessories for completion of the system in line 
with tender requirement. 

             Following are the broad scope of work in bidder’s scope. In additional to the following please also refer the 
respective sections of electrical, C&I and civil for bidder’s scope of work. 

i. The Sewage Treatment Plant consisting of the following shall be in bidder’s scope:- 

a) Two numbers (2x100%) Septic tank over flow transfer pumps along with motors, accessories, instruments and 
valves.  Please note that pumps shall be supplied with base plate & outlet pipe spool with valves, instruments 
and flanges mounted on the outlet pipe to facilitate the easy erection at site.  The outlet pipe shall be of SS-304 
material.

b)  Two numbers (2x100%) Treated water transfer pumps with motors, accessories, instruments and valves.
Please note that pumps shall be supplied with base plate & outlet pipe spool with valves, instruments and 
flanges mounted on the outlet pipe to facilitate the easy erection at site.  The outlet pipe shall be of SS-304 
material.

c) Two numbers (2x100 %) air blowers with, motors along with accessories & instruments mounted on a skid. The 
blowers should be housed in an acoustic hood. Please note that blower shall be skid mounted with valves, 
instruments and flanges mounted on the skid.  The outlet pipe with diffusers shall be of SS-304 material. The 
prefabricated pipe & diffusers shall be supplied separately. 

d) Air diffusers for Aerobic treatment chamber.   

e) 600 m of 63 mm OD HDPE piping. 

f) 650 nos of piping clamps for 63 mm OD HDPE Pipe. 

g) Fittings, valves, instruments, accessories etc. as defined in the data sheet as required to meet the system 
requirement.

h) The equipment to be packed in crates with sea worthy packing as per Annexure F. 

i) Painting and color code shall be decided during detailed engineering and shall subject to customer and BHEL 
approval.

j) Bidder to note that the equipment, valves, instruments indicated in the P&ID (PE-DG-372-673-A001) attached in 
the technical specification are minimum and same shall be in bidder’s scope. During detailed engineering, 
bidder to furnish complete and detailed scheme in all respects including all valves, instruments, piping 
equipment’s. Fittings etc. for smooth, safe, efficient and trouble free operation of the plant meeting the 
specification requirement.

k) Bidder to note that the pipe shall be supplied in pre-fabricated form. Bidder shall develop the isometric drawings 
for piping work and the pipe shall be tagged properly for easy co-relation and erection at site. 

l) The complete STP shall be designed in such a way that items are mounted on skid to minimize the site erection 
work. The skid mounting possibility shall be exercised during detailed engineering and the same shall be finalize 
during detailed engineering by BHEL. 

m) Supports for all the piping as per the requirement shall be in bidder’s scope. Embedment plates with lugs shall 
also be provided by bidder as per system requirement. 

10
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n) All auxiliary structure (U-clamps, nuts, bolts etc.) for fixing pipes on pedestal or trestles. 

o) All necessary flanges and counter flanges to interconnect the pipes. 

p) All necessary drains, vents and sampling points, with valves, as specified and as required. 

q) Start-up, erection and commissioning spares as required. 

r) All special tools necessary for proper maintenance or adjustment of the equipment packed in permanent box. 

s) Finish paints for touch up painting of equipments after erection at site in sealed container. 

t) Initial charge of all lubricants and grease. 

3. SCOPE OF SUPPLY (ELECTRICAL) 

Complete electrical as per specification / details indicated in Section C2 (Specific Technical Requirement 
Electrical) and D2 (General Technical Requirement Electrical) 

4. SCOPE OF SUPPLY (C&I) 

Complete C&I as per specification / details indicated in Section C3 (Specific Technical Requirement C&I) and 
D3 (General Technical Requirement C&I) 

5. SCOPE OF SUPPLY (CIVIL) 

Total Civil is in BHEL’s Scope of work, however detailed Civil Design Input drawings (equipment GA drawings 
indicating complete loading details) shall be provided by bidder. 

6. SCOPE OF SERVICE 

 The bidder’s scope also includes following services: 

a) 07 man days of Supervision of Erection and commissioning including performance demonstration.  Vendor 
shall depute the experienced & competent person who can complete the assigned job. 

b) Performance Demonstration. 
c) Painting as per enclosed painting schedule. However, any variation in the painting schedule as finally 

approved by customer shall be taken care by the bidder without any commercial and delivery implication. 
Color-coding scheme shall be provided to vendor during detailed engineering. 

d) Touch up paint shall be done on site under bidder’s supervision. 
e) Third Party Inspections as applicable. 

7. TERMINAL POINT: 

a) Treated water line from Aerobic Treatment chamber upto N-Pit of DM Plant shall be in bidder’s scope. 

8. EXCLUSION 

a) Potable water and service water upto the terminal point. 
b) All Civil works  
c) M.C.C. / Switch fuse feeder panels for the power plant and control cabling up to & beyond the battery 

limit (Refer electrical section for scope). 
d) Air conditioning, ventilation & fire fighting facilities.  However, bidder to furnish the requirement of the 

same after award of contract. 
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9. ERECTION AND COMMISSIONING SPARES 

All the necessary commissioning spares shall be supplied as a part of base offer. Bidder will submit the list of 
commissioning spares for Sewage Treatment Plant along with the offer. 

10. SEAWORTHY PACKING 
To prevent damage to the equipment of the system during transit, seaworthy packing to be provided as per 
Technical specification for seaworthy packing and shipping instructions given in Section D-1. 

11. QP AND SUB VENDOR APPROVAL 

a) Requirement of detailed QP, inspection checklist, certificate of conformance etc. for each equipment and sub-
vendor shall be finalized during detailed engineering stage; decision of BHEL/customer shall be binding on 
vendor in this regard. Any changes/additional tests insisted upon by Owner during approval of QAP’s shall be 
accepted by bidder without any commercial/delivery implication to BHEL/Owner. Bidder shall submit the quality 
plans in BHEL format during detailed engineering stage. Bidder to note further that during detailed engineering 
all the QAP’s/check lists etc. shall be submitted to Owner/BHEL for approval. All inspection & testing etc. shall 
be carried out accordingly. 

b) Approved sub vendor list is enclosed elsewhere of this specification. However, any additional sub-vendor shall 
be subject to BHEL and Customer approval during detailed engineering. 

12. DESIGN/CONSTRUCTION 

In addition to the requirements of Section-C & D the following shall also be complied under scope of this 
specification:
The P&ID is enclosed herein in this section for bidder’s compliance. 
The material of construction specified in Data Sheet-A are minimum requirements and material of construction 
for other components not specified shall be similarly selected by the bidder for intended duty which shall be 
subjects to customer and BHEL approval during detailed engineering. 

13. DRAWING/DOCUEMNTS REQUIREMENT (Please refer electrical and C&I portion also) 

After award of LOI, following drawing/documents shall be submitted by the bidder for BHEL/Customer approval. 
However, any additional drawing/documents if found necessary for completion of the engineering, the same 
shall be submitted by bidder without any commercial and delivery implication ton BHEL and customer. 

SL.�
NO.�

BHEL�DRG�NO� DRG�TITLE� No.�of�weeks/days�
for�document�
submission�from�
date�of�LOI�/�PO�

DOCUME
NT�SIZE�

1�
PE-V10-372-673-A001 P&I Diagram for Sewage Treatment Plant 4�weeks� A1�

2�
PE-V10-372-673-A002 layout of  Sewage Treatment Plant  4�weeks� A1�

3

PE-V10-372-673-A003 Sub vendor list 5�weeks� A4�

4 PE-V10-372-673-A004 Operation & Control Philosophy 4�weeks� A4�

5 PE-V10-372-673-A005 Electrical load data 6�weeks� A4�

6
PE-V10-372-673-A006 Mech. GA drawings of All Sewage Sumps And 

Tanks
8�weeks� A1�

7
PE-V10-372-673-A007 Data sheet of all valves, instruments, pumps, 

motor and blowers 
8�weeks� A4�

8� PE-V10-372-673-A008 QAP for all valves, instruments, pumps, motor 8�weeks� A3�
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and blowers 

9� PE-V10-372-673-A009 Instrument schedule 10�weeks� A3�
10� PE-V10-372-673-A010 Valve schedule 10�weeks� A4�

11�
PE-V10-372-673-A011 Cable tray/trench & conduit routing diagram  of 

STP
10�weeks� A3�

12�
PE-V10-372-673-A012 PLC details for STP (complete documentation as 

described in C&I deliverables) 
10�weeks� A4�

13� PE-V10-372-673-A013 QAP for PLC 12�weeks� A3�
14� PE-V10-372-673-A014 Detailed Erection procedure. 12�weeks� A4�
15� PE-V10-372-673-A015 Cable Schedule 12�weeks� A4�

16�

PE-V10-372-673-A016 Performance demonstration procedure for  
Sewage Treatment Plant 

14�weeks� A4�

17� PE-V10-372-673-A017 Engineering BOQ 14�weeks� A4�

18�

PE-V10-372-673-A018 O&M manual for Sewage Treatment Plant 
covering catalogue of all the items. 

16�weeks As�
applicable�

19�
PE-V10-372-673-A019 Sea worthy packing drawing and details. 16�weeks A4�

20�
PE-V10-372-673-A020 List of Erection & Commissioning spares. 14�weeks A4�

Note:-
1. Detailed BOQ in every engineering drawing and document shall be provided by bidder. 
2. Bidder to note that the Drawing documents submitted should be of highest quality with micro details as 

erection and commissioning has to be done by BHEL based on the drawings submitted by the bidder. 
Bidder to also provide packing drawings and details. 

3. Drawings submitted shall be complete in all respects with revised drawing submitted incorporating all 
comments. Any incomplete drawing submitted shall be treated as non-submission with delays to 
bidder’s account. For any clarification/ discussion required to complete the drawings, the bidder shall 
himself depute his personal to BHEL for across the table discussions/ finalisations/ submissions of 
drawings.

4. Any other document/drawing required for STP by BHEL/customer, shall be provided by vendor without 
any implication. 

14. DRAWING/DOCUEMNTS REQUIRED ALONG WITH THE BID (Please refer Electrical, C&I portion and Vol 
III also). 

a) Clarification, if any, in the BHEL format in pre bid stage. 
b) Any deviation in BHEL format with cost of withdrawal of deviation  
c) Unprice Schedule duly filled. 
d) List of Spares (Commissioning spares). 
e) Electrical load data format (filled). 
f) Compliance certificate. 
g) Declaration sheet 

Note-1: - Any item/work either supply of equipment or erection material which have not been specifically 
mentioned in but are necessary to complete the woks for trouble free and efficient operation of the plant shall 
be deemed to be included within the scope of this specification. The bidder without any extra charge shall 
provide the same. 

Note-2: All major drawings/documents shall be approved by BHEL/CUSTOMER during detailed engineering 
stage. Successful bidder shall comply with the observations of the BHEL/CUSTOMER without price & delivery 
implication.
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Note-3: Bidder to note that drg/doc submission shall be made through web based Document Management 
System. Bidder would be provided access to the DMS for drg/doc approval and adequate training for the 
same. Detailed methodology would be finalized during the kick-off meeting. Bidder to ensure following at their 
end.

• Internet explorer version – Minimum Internet Explorer 7 
• Internet speed – 2 mbps (Minimum preferred) 
• Pop ups from our external DMS IP (124.124.36.198) should not be blocked 
• Vendor’s Internal proxy setting should not block DMS application’s link. 

 (http://124.124.36.198/wrenchwebaccess/login.aspx)

NOTE-4: Bidder to note that specific technical requirements as per Section – C will prevail over general             
Technical requirements given elsewhere in this specification. 

15. DRAWING DOCUMENT DISTRIBUTION SCHEDULE 

SNo. Document Total Copies Distribution 
Purchaser   

HQ SITE Consultant

1 Approved drawings, 
documents etc. 

20 6 8 6 

2 Instruction manuals for 
erection and O&M 

15 5 6 4 

3 As built drawings 20 4 8 8

16. Miscellaneous requirements 

a) Successful bidder shall furnish detailed erection manual for each of the equipment supplied under this 
contract at least 3 months before the scheduled erection of the concerned equipment / component or 
along with supply of concerned equipment / component whichever is earlier. 

b)  Document approval by customer under Approval category or information category shall not absolve the 
vendor of their contractual obligations. Any deviation from specified requirement shall be reported by 
the vendor in writing and require written approval. Unless any change in specified requirement has 
been brought out by the vendor during detail engineering in writing while submitting the document to 
customer for approval, approved document (with implicit deviation) will not be cited as a reason for not 
following the specification requirement. 

c) In case vendor submits revised drawing after approval of the corresponding drawing, any delay in 
approval of revised drawing shall be to vendor’s account and shall not be used as a reason for 
extension in contract completion. However, in case changes are necessitated due to any constraints at 
customer end, delay in review/ approval of drawing beyond one month will be to customer’s account.

d) Bidder to submit the document (basic engineering documents like P&ID, layout and GA) within 04 
weeks from the date of purchase order/LOI and subsequent revision in 07 days of comments.  BHEL 
will take 2 weeks’ time for observation on all drawing. 

e) Vendor to attend regular meeting with BHEL and customer fortnightly in BHEL or customer office as 
decided during detailed engineering. 

f) Latest version of all codes and standards to be followed. 

14
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DATA SHEET – A 
�
1� AAIR�BLOWER�
1.1 Number Two (2x100%) 
1.2 Type Twin lobe type 
1.3 Pressure gauge Two (nos) One per blower 
a Type Bourdon Type 
b Make a) A.N.Inst Narendrapur  

b) General Inst Consortium Mumbai / 
Goa

c) Gluck Mumbai  
d) Goa Thermostatic Goa A With 

Imported Bourdon Tube For 
Pressure Gauge 

e) Manometer Mumbai 
f) Wika Pune 

1.4 Capacity & Head Minimum 30 cum/hr and 5 mwc or to 
suit the system requirement  

1.5 Operating Speed 1500 rpm 
1.6 Discharge Line (minimum) 50 NB 
1.7 MOC of air blower 
a Casing Cast Iron Gr. FG 260 to IS 210 
b Shaft Carbon Steel to EN 8 
c Base Frame MS Common for Blower and motor. 

The same should be MS with epoxy 
coating. 

1.8 Accessories for each blower Suction Filter 
Suction and Discharge Silencer 
Companion Flange for Blower 
Spring Load relief valves 
Belt Guard and Filter hood 
Non Return Valve 

1.9 Make a) SWAN PNEUMATIC NOIDA 
b) EVEREST TRANSMISSION NEW 

DELHI  
c) KAY INTERNATIONAL NEW 

DELHI / SONEPAT 
d) EVEREST BLOWER 

BAHADURGARH
1.10 Spares for Blower a) Set of Bearing – 1 Set 

b) Set of Oil Seal – 1 Set 
c) Suction Filter – 1 Set 

1.11 Noise 85 dBA @ 1 m from blower 
1.12 Inspection and Testing As per the approved quality Plan 
1.13 Motors Two (One for each blower) 
a Type As per motor Data Sheet. 
2� OVER�FLOW�TRANSFER�PUMP�WITH�MOTOR�
2.1 Number Two (2X100%) 

2.2 Type of pump Submersible Non Clog Pump 
2.3 Capacity & Head for Submersible pump 5 CuM/Hr (each) and Head 10 M 
2.4 Make for Submersible pump with motor a) Darling Pumps Pvt. Ltd Indore  

b) FLOWMORE LTD.�
c) SU MOTORS PVT. LTD.
d) VARAT PUMP AND MACHINERY 

17
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PVT. LTD.
e) WPIL LIMITED

2.5 Delivery Size 50 NB 
2.6 Operating Speed 1500 rpm 
2.7 Flange Standard DIN / equivalent 
2.8 Minimum installation depth 1.5  m. 
2.9 MOC 
a Casing 2% Ni Cast Iron FG 260 IS 210 
b Line Shaft SS 410 
c Pump shaft SS 316 
d Impeller SS-316 
e Base plate MS with epoxy coating 
2.10 Pump Accessories Pump Motor with Cable 

Auto coupling with bend 
2.11 Motors Two (One for each pump) 
a Type of motor As per motor Data Sheet. 
2.12 Spares a) Set of Bearing – 1 Set 

3� TREATED�WATER�TRANSFER�PUMPS�WITH�MOTOR�
3.1 Number Two (2X100%) 

3.2 Type of pump Submersible  Non Clog Pump 
3.3 Capacity & Head for Submersible pump 5 CuM/Hr (each) and Head 50 M (or to 

suit the system requirement 
3.4 Make for Submersible pump with motor a) Darling Pumps Pvt. Ltd Indore  

b) FLOWMORE LTD.�
c) SU MOTORS PVT. LTD.
d) VARAT PUMP AND MACHINERY 

PVT. LTD.
e) WPIL LIMITED

3.5 Delivery Size 50 NB 
3.6 Operating Speed 1500 rpm 
3.7 Flange Standard DIN / equivalent 
3.8 Minimum installation depth 1.5 m. 
3.9 MOC 
a Casing 2% Ni Cast Iron FG 260 IS 210 
b Line Shaft SS-304 
c Pump shaft SS-304
d Impeller SS-316 
e Base plate MS with epoxy coating. 
3.10 Pump Accessories Pump Motor with Cable 

Auto coupling with bend 
3.11 Motors Two (One for each pump) 
a Type of motor As per motor Data Sheet. 
3.12 Spares a) Set of Bearing – 1 Set 

4� PPIPE�AND�FITTINGS�
4.1 HPDE Pipe Size – 63 mm OD, Quantity – 600 m (in 

six numbers of coils of 100 meter each) 
Specification – PE 100-PN 10 carbon 
black quality suitable for both above 
ground and buried pipe protection 
Design Standard : ISO 4427 

4.2 90 deg elbow of compression fittings Size – suitable for 63 mm OD pipe, 
Quantity – 50 m 
Specification – PE 100-PN 10 carbon 
black quality suitable for both above 
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ground and buried pipe protection 
Design Standard : ISO 4427 

4.3 Compression Flange Adaptor Size – suitable for 63 mm OD pipe, 
Quantity – 50 m 
Specification – PE 100-PN 10 carbon 
black quality suitable for both above 
ground and buried pipe protection 
Design Standard : ISO 4427 
Drilling to meet system requirement & 
counter flange requirement. 

4.4 Compression coupler Size – suitable for 63 mm OD pipe, 
Quantity – 50 m 
Specification – PE 100-PN 10 carbon 
black quality suitable for both above 
ground and buried pipe protection 
Design Standard : ISO 4427 

4.5 Compression T Size – suitable for 63 mm OD pipe, 
Quantity – 50 m 
Specification – PE 100-PN 10 carbon 
black quality suitable for both above 
ground and buried pipe protection 
Design Standard : ISO 4427 

5� VALVES�
5.1� GGLOBE�VALVES� �
a Type STRAIGHT, RISING STEM , WITH 

OUTSIDE SCRES 
b Design standard IS:778 CLASS 2 
c Make Leader, Jalandhar 

H. Sarkar, Howrah 
Bankim & compony, Howrah 

5.2� NNON�RETURN�VALVE� �
a Type SWING CHECK ( REFLUX TYPE) OR 

DUAL PLATE TYPE AND FLANGED 
ENDS 

b Design standard IS:778 CLASS 2 
c Make Majestic Works, Mumbai 

BDK, Hubli 
H. Sarkar, Howrah 
Leader, jalandhar 

NOTE�:�Vendor�to�please�not�that�sub�vendor�listed�above�are�indicative�only�and��is�subject�to�approval�/acceptance�
by�customer�and�BHEL�during�detail�engineering.��Bidder�to�propose�his�sub�vendor�list�with�back�up�documents�
(experience�list,�end�user�certificate�as�applicable)�etc.��The�same�shall�subject�to�BHEL�and�customer�approval�
during�detail�engineering�stage�without�any�commercial�&�delivery�implication�to�BHEL�and�customer.�
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S.
No ITEM   SUPPLIERS PLACE 

SUB-
VENDOR
STATUS 

QP / 
INSPN
CAT 

REMARKS

1 SUBMERSIBLE PUMPS Darling Pumps Pvt. Ltd Indore A  
FLOWMORE LTD.  A  
SU MOTORS PVT. LTD.  A  
VARAT PUMP AND 
MACHINERY PVT. LTD.

 A   

WPIL LIMITED      
2 AIR BLOWERS SWAN PNEUMATIC NOIDA A  

EVEREST TRANSMISSION NEW DELHI A  
KAY INTERNATIONAL NEW DELHI / 

SONEPAT
A

EVEREST BLOWER BAHADURGARH A  
   

3 GATE / GLOBEVALVES 
UP TO 300 NB PN 10 

LEADER JALANDHAR A  
H SARKAR HOWRAH A  
BANKIM & COMPANY HOWRAH A  
    

4 CHECK VALVE / NRV 
(LINED / UNLINED), FLAP 
TYPE SIZE UPTO 50 NB 

MAJESTIC WORKS MUMBAI A  
BDK HUBLI A 
H SARKAR HOWRAH A  
LEADER (FOR CHECK 
VALVE ONLY) 

JALANDHAR A  

5 MS PIPES  (IS: 1239 & 
3589) 

SAIL ROURKELA. A   
JINDAL TUBES GAZIABAD A   UPTO 350 

NB
SURYA ROSHINI BHADURGARH A   UPTO 300 

NB
TISCO JAMSHEDPUR A   UPTO 150 

NB

WELSPUN ANJAR A 
UPTO 400 
NB

MSL (FOR IS 3589) RAIGAD A  

200 NB 
TO 500 
NB

    
6 METALLIC FITTINGS MS FITTINGS    KOLKATA

SIDHARTHA & GAUTAM    FARIDAB
AD

EBY   MUMBAI
BHARAT FORGE   PUNE 
TUBE PRODUCTS    BARODA 
NITIN PROFILE   BARODA 
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7

METALLIC FLANGES (IS 
2064 GR B & SA 515/516 
GR 60/70) 
`

MOSHI ENGG. WORKS    MUMBAI
ALLIANCE ENGG.    PUNE 
JAYA MBE   MUMBAI
SIDHI FORGE   MUMBAI
   

8 HDPE PIPES & Fittings DUTRON   
ASTRAL AHMEDABAD 
GEORGE FISCHER RATNAGIRI   
   

9 LEVEL TRANSMITTER 
(GUIDED WAVE RADAR) 

K TECH USA A  
E&H GERMANY A  
EMERSON (SAB 
ROSEMOUNT)

SWEDEN A  

MAGNETROL BELGIUM A 
EMERSON DAMAN A 
CHEMTROL GOA DR 
   

10 PRESSURE GUAGE  A.N.INST NARENDRAPUR A
GENERAL INST 
CONSORTIUM 

MUMBAI / GOA A  

GLUCK MUMBAI A 
GOA THERMOSTATIC GOA A  WITH 

IMPORTE
D
BOURDO
N TUBE 
FOR
PRESSU
RE
GAUGE 

MANOMETER MUMBAI A 
WIKA PUNE DR 
�

11 PRESSURE  / DP 
TRANSMITTER 

EMERSON PROCESS 
MANAGEMENT 

USA / DAMAN A  

FUJI ELECTRIC JAPAN A  
HONEYWELL USA A 
YOKOGAWA JAPAN A 
ABB ITALY /

FARIDABAD
A

   
   

12 INST PIPE FITTINGS AURA INCORPORATED NEW DELHI A  
HYD-AIR ENGG MUMBAI A  
METPRESS ENGG KOLKATA A  
PRECISION ENGG MUMBAI A  
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SWITZER INST CHENNAI A  
VIKAS INDUSTRIAL NOIDA A  
�

13 CONTROL PANEL PROCON INST CHENNAI A  
CONTROL & SWGR CO NOIDA A  
INDUSTRIAL CONTROLS & 
APPS 

MUMBAI A  

PYROTECH UDAIPUR A 
ELECMECH AHEMDABAD A 
POSITRONICS BARODA A  
�

14 JUNCTION BOXES BALIGA LIGHTING EQUIP CHENNAI A  
CREATIVE INST BANGLORE A  
DEVI POLY CHENNAI A  
INFO CONTROL  BANGLORE A  
K.S.INTRUMENTS BANGLORE A  
MANISHA ENTERPRISE PUNE A  
SUCHITRA INDUSTRIES BANGLORE A  
�

15 INST TUBE FITTINGS AURA INCORPORATED NEW DELHI A  
HYD-AIR ENGG MUMBAI A  
METPRESS ENGG KOLKATA A  
PRECISION ENGG MUMBAI A  
SWITZER INST CHENNAI A  
VIKAS INDUSTRIAL NOIDA A  
�

16 INSTRUMENT CABLE DELTON CABLES FARIDABAD A  
PARAMOUNT CABLES KHUSKHERA A  
RELIANCE BANGLORE A 
POLYCAB DAMAN A 
UNIVERSAL CABLES SATNA A  
NICCO KOLKATTA A
CORDS BHIWADI A 
INCAB PUNE A 
   

17 SCREENED INSTRUMENT 
CABLE – PVC / FRLS 

PARAMOUNT CABLES KHUSKHERA A  
POLYCAB DAMAN A 
RELIANCE BANGLORE A 
DELTON CABLES FARIDABAD A  
CORDS BHIWADI A 
UNIVERSAL CABLES SATNA A  
INCAB PUNE A 

23



TITLE:  
BHEL DOCUMENTS NO.: PE-TS-372-673-A001 

TECHNICAL SPECIFICATION FOR     VOLUME-IIB
SEWAGE TREATMANT PLANT SECTION –C1

400 MW, MARIB GTPS, PHASE-II
PEC, MINISTRY OF ELECTRICITY AND 

ENERGY REPUBLIC OF YEMEN 

REV. NO.   01 DATE: 
PAGE

BHEL – PS –PEM- PPEI: NOIDA, SECTOR-16A, U.P. – 201301. 

NICCO CORPORATION 
LIMITED

KOLKATTA A  

   
18 CABLE LUGS CHETNA MUMBAI A 

DOWELL MUMBAI A 
ELECTRO BILLETS (3D) VALSAD A  
   

19 PLC ABB BANGALORE A
GE FANUC BANGALORE A  
L&T LTD MUMBAI A  
ROCKWELL GHAJIABAD A 
SIEMENS NASIK A 
SCHNEIDER ELECTRIC NEW DELHI A  

NOTE:
i) VENDOR TO PLEASE NOTE THAT FINAL SUB VENDOR SELECTED OUT OF THE ABOVE 

RECOMMENDED SUB VENDORS SUBJECT TO CUSTOMER APPROVAL DURING DETAILED 
ENGINEERING WITHOUT ANY TECHNICAL, COMMERCIAL AND DELIVERY IMPLICATIONS TO BHEL 
AND CUSTOMER. 

ii) BIDDER TO ALSO CHECK THE LAWS AND REGULATIONS REGARDING SELECTING THE SUB 
VENDORS WHO CAN SUPPLY THE ITEMS TO MARIB, YEMEN. 

iii) THE INSPECTION CATEGORY WILL BE INTIMATED AFTER AWARD OF CONTROCTOR BY 
BHEL/CUSTOMER.  HOWEVER THE SAME WILL BE ADHERED BY THE BIDDER WITHOUT ANY 
COMMERCIAL, TECHNICAL AND DELIVERY IMPLICATION. 
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CPU Service 
Vessel 

Ya Y Y Y Y Y Y
3 

     Y1    

Acid 
Alkali/Chemical 
Storage       Tanks/ 
Vessels (LP) 

Ya Y Y Y Y Y
4 

Y          

Resins/Activated 
Carbon &  Internals 
of CPU 

Ya    Y         Y   

Rubber Lining of 
Vessels/ Tanks/ 
Pipes etc 

Ya    Y     Y2 Y   Y   

Dosing 
Pumps/Metering 
Pumps 

Ya      Y     Y5  Y   

Diaphragm Valves Ya    Y  Y
6 

Y6      Y7   

Butterfly Valves ( 
Low Pressure) 

    Y  Y
6 

 Y    Y8    

  1.  Body  (Cast) Ya  Yb              
  2.  Disc (Cast) Ya  Yb              
  3.  Shaft Ya  Y          Yc    
High Pressure Ball 
Valves & Butterfly 
Valves 

Ya      Y       Y   

Horizontal 
Centrifugal Pumps 

   Y Y       Y5  Y   

  1.  Casing Ya  Yb    Y          
  2.  Impeller Ya  Yb            Y  
  3.  Shaft Ya  Y          Yc  Y  
Rotary Blowers    Y Y       Y  Y   
  1.  Casing Ya  Yb    Y          
  2.  Rotor Ya  Y          Y  Y  

AMENDMENT 1 TO TECHNICAL SPECIFICATION PE-TS-372-174-15000A-A001

ANNEXURE G
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Notes: 
1. Heat Treatment  shall be done as per ASME code. 
2. Bleeding Resistance tests shall  be done by keeping the sample in 33% HCl, 48% NaOH 

and DM Water for 72 Hrs. 
3. Hydro Test shall be conducted, before Rubber lining.  
4. As per code requirements. 
5. As per HIS, USA. 
6. Hydro test of body before Rubber lining.  Seat Leakage test for Actuator operated valves 

shall be done by closing the Valves with Job Actuator. 
7. Tests on Rubber parts such as Diaphragms shall be done per batch of Rubber mix, such 

as Tensile, Hardness, Adhesion, Spark Test, Bleed Resistance test and Flex test. Life 
Cycle test for Diaphragms for 50000 cycles etc shall also be done. 

8. Hydro Test of Body, Seat & Disc Strength shall be carried out in accordance with latest 
edition of AWWA C-504 Standard. Proof of Design Test in accordance with latest edition of 
AWWA C-504 Standard shall also be carried out, if not carried out earlier. Seat Leakage 
test for Actuator operated valves shall be done by closing the Valves with Job Actuator. 
Seat leakage test shall be carried out in both directions. 

 
a)   One per Heat/Heat Treatment batch/Lot 

         b)   On machined surfaces only. 
         c)   UT shall be done for shafts with Dia  50 mm or above. 
 

9.        For all other Misc. items, refer Table on LP piping. 
 
 
 
 
 
 

AMENDMENT 1 TO TECHNICAL SPECIFICATION PE-TS-372-174-15000A-A001
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TECHNICAL SPECIFICATION FOR 
Sewage Treatment Plant (ELECTRICAL 

PORTION)

SPECIFICATION NO. PE-TS-372- 
VOLUME II B 
SECTION-C
REV 00                   DATE 04.08.2014 
PAGE 1 OF 1 

ELECTRICAL EQUIPMENT SEPCIFICATION FOR SEWAGE TREATMENT PLANT

1.0 EQUIPMENT & SERVICES TO BE PROVIDED BY BIDDER/ PURCHASER 

1.1 Scope for supply, and erection & commissioning of various equipment forming part of electrical system for this 
package shall be as per Annexure–I to Section – C [Electrical Scope between BHEL & Vendor].

1.2 Make of various equipment/ items in the scope of bidder shall be to approval of owner during detailed 
engineering stage without any commercial implications. 

1.3 Bidder shall furnish all 400V AC loads required for the system such as motor feeders, supply feeders in PEM 
format along with the offer. 

1.4 All electrical equipment shall be suitable for the power supplies, fault levels and climatic conditions indicated 
in project information enclosed with the specification. 

1.5 All drawings, data sheets, Quality Plan, calculations, test reports, test certificates, etc. shall be submitted 
during detailed engineering stage. The same shall be subject to approval without any commercial 
implications.

1.6        Technical requirements shall be as per specifications listed in Clause 4.1, 4.2, 4.3 & 4.4 below. 

3.0 DOCUMENTS TO BE SUBMITTED ALONG WITH BID

3.1 Bidder shall confirm total compliance to the electrical specification without any deviation from the technical/ 
quality assurance requirements stipulated. In line with this, the bidder as technical offer shall furnish two 
signed and stamped copies of the following: 
a) A copy of this sheet “Electrical Equipment Specification for Sewage Treatment Plant”  and sheet 

“Electrical Scope between BHEL and Vendor” with bidder’s signature and company stamp. 
b) List of Erection and Commissioning spares. 
c) List of Erection & Maintenance tools & tackles.
d) Electrical load requirement in the load data format. 

3.2 No technical submittal such as copies of data sheets, drawings, write-up, quality plans, type test certificates, 
technical literature, etc, is required during tender stage. Any such submission even if made, shall not be 
considered as part of offer. 

4.0 LIST OF ENCLOSURES

4.1 Electrical Scope Matrix between BHEL & vendor (Annexure-I). 
4.2        Technical specification and Data Sheets for 400V Electric Motors. 
4.3 Technical Specification for Miscellaneous electrical item 
4.4        Quality Plan for motors. 
4.5 Load data format (Annexure-II). 
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SPECIFICATION NO.

VOLUME II-B
SECTION   
REV. NO.  00 DATE:   09/09/2014
SHEET       1      OF     1 
   

�

SPECIFIC TECHNICAL
REQUIREMENT�

1. Bidder to include Field instrumentation and Field Junction Box (JB’s), in his scope 
of supply. Field instrument specification and Data Sheet are given elsewhere in this 
spec.

2. All field cabling for instruments/motor/pump/blower to JB is in bidder’s scope and
details are given elsewhere in this spec. JB to PLC shall be provided by BHEL as 
free issue whereas cable schedule, cable interconnections and wiring diagram for 
the same shall be in bidders’ scope.

3. Instrument installation drawings are to be provided by bidder. All instrument fitting 
and erection hardware as per instrument installation diagram shall be in bidder’s 
scope.

4. All manual valves at pump discharge shall be provided with Open and Close Limit 
Switches.

5. PLC control system as defined in the enclosed specs and DATA Sheets shall be in 
bidder scope. The PLC system shall comprise of (i) PLC based local panel (ii) UPS 
Power supply (iii) Operator interface in the form of CRT, keyboard and OWS along 
with required furniture. 

6. The redundant I/O’s shall be provided for all Controls. 

7. PLC shall have the facility to synchronize its time with BHEL supplied GPS. 
Necessary Hardware (IRIG-B port) for same at PLC end to be provided by bidder. 
The cable connecting PLC and GPS shall be in BHEL scope. 

8. PLC shall be connected to DCS through serial link with MODBUS connection on 
TCP/IP Protocol compliant for monitoring. Dual redundant fibre optic cable from PLC 
to DCS shall be in bidders’ scope. For bidding purpose bidder to consider 300 
meters approximate distance between PLC and DCS. Necessary Patch Chord/ 
Converters, LIU at PLC end, shall be in bidder scope. 

9. All furniture (tables, chairs etc.) required for PLC operator HMI shall be in bidder's 
scope. Chairs shall be capable of being adjusted for height and position of backrest. 
The chairs shall be mounted on five castors, shall swivel and shall have arm rests'. 
One table and chair shall be provided for each operator station and separate table 
for each printer. 
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GENERAL 

The scope covers the basis of design, system philosophy, equipment selection and Control 
Philosophy of SEWAGE TREATMENT PLANT for 400 MW MARIB GAS TURBINE POWER 
STATION PHASE II REPUBLIC OF YEMEN. 

1.0 SEWAGE TREATMENT PLANT (Ref. Drg. no. PE-DG- 372-673-A001) 

Plant sewerage is collected in a septic tank. Overflow from the septic tank is collected in a collection 
chamber From the collection chamber overflow is pumped to the aerobic treatment chamber by 
means of 2x100 % overflow transfer pumps. Extended aeration is done in the aerobic treatment 
chamber with the help of air supply from blowers. The treated water after aerobic treatment is 
transferred to the N-Pit (DM Plant) by means of 2X100% treated water transfer pumps.  

2.0 Control Philosophy. 

The interlocks required for operation of pumps in various systems shall be PLC based. 

The control of all pumps and blower is PLC based. In addition, each pump will be provided with 
one local start/stop push button (lockable type) stations. Suitable weather protection shall be 
provided for LSSPB (Local start stop push button) located near each pump. The PLC and UPS 
for STP Plant shall be placed in Equipment Room 6.2 Mt and battery for the system shall be in 
battery room at 6.2 MT, SWGR Control Building. The OWS for PLC shall be placed in Computer 
Room at 6.2 Mt, SWGR Control Building. The distance between PLC and Pump shall be 100 Mt. 
The system shall have automatic operation described below. 

The sewage waste from buildings is collected in a septic tank through gravity.  The overflow from 
septic tank is collected in a collection tank. Once the level in the collection tank is high, one out of 
the two overflow transfer pumps (1W+1S) shall start auto and the waste is transferred to aerobic 
treatment chamber. Overflow transfer pumps shall be interlocked when level is low and high via 
level transmitter.  (Please refer attached P&ID of Sewage Treatment Plant) 

The aerobic process in the aerobic treatment chamber is a batch process.  Once the waste 
enters the aerobic treatment chamber, one out of the two Air blowers (1W +1S) shall be started 
automatically.  The batch timing is around 8 hours.  Once the process is completed after 8 hours, 
Air blowers shall be stopped automatically and one out of the two Treated water Transfer Pumps 
(1W+1S) shall start automatically.  Treated water transfer pumps shall be interlocked when level 
is low and high via level transmitter. 

Local Indication/Alarm of tank levels shall also be provided for operation of LSSPB. 

ON/OFF/TRIP interlocks for submersible pumps and air blower shall be provided by providing suitable 
arrangement to meet the system requirement. 

3.0  Sewage Treatment Plant is designed for the following sewage flow rate and characteristics: 
Flow Rate  : 0.5 m3/hr. 
BOD   : 300 mg/l 

4.0 Effluent from Sewage Treatment Plant shall meet the following norms- 

Parameter Maximum value 
BOD 20 ppm 
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ANNEXURE-2 TO ECW SYSTEM SPECIFICATION

SUBMERSIBLE PUMPS
1.00.00 SCOPE

1.01.00 This specification covers general requirements in respect of design, material, 
manufacture, construction, testing & inspection at Vendor's / sub-vendor's delivery to 
side, of submersible pumps. 

2.00.00 CODES AND STANDARD

The design manufacture and performance of submersible pumps shall be comply 
with all currently applicable statues, regulation, and safely codes in the locality 
where the Equipment will be installed. The Equipment shall also conform to the 
latest applicable Indian standards listed below other Nation Standards are 
acceptable, if they are established to be equal or superior to the listed standards. 
Nothing in these specifications shall be construed to relieve the contractor of this 
responsibility. 

2.01.00 List of Applicable Indian Standards

IS:8034  - Submersible pumps for clear cold fresh water 

IS:5120  - Technical requirement of Rotodynamic Special  
     Purpose pumps. 

In case of any contradiction with aforesaid standards and the stipulations as per 
technical specification as specified hereinafter the stipulation of the technical 
specification shall prevail. 

3.00.00 DESIGN AND PERFORMANCE REQUIREMENTS 

a)  The pump shall be of single stage mono - block type with non-clog design. 

b)  Components of Identical pumps shall be interchangeable.  

c) Pumps shall have a continuously rising head characteristic. 

4.00.00 MOTOR RATING

Continuous motor rating (at 50 deg. C ambient) for pumps shall be at least ten 
percent (10%) above the maximum load demand of the driven equipment in the 
complete operating range to take care of the system frequency variations. 

5.00.00 FEATURES OF CONSTRUCTION

 a) Pumps shall be of Submersible, wet pit type.  
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 b) Pumps shall be able to pass through solids upto 40 mm and capable   
 of handling waste water which may contain, sludge, plastic solids etc. 

 c) Coupling device shall ensure leak proof joint between the pump and 
discharge elbow. This shall also enable pump to be removed from the sumps 
without the necessity of dismantling any nuts, bolts etc.   

 d) Pumps shall be portable type and capable of using in any sump as and when 
required. Pump shall be provided with required stool, flexible, hoses chain 
connection etc. for easy installation, removal and maintenance. Adequate 
length of chain required for lowering the pump into the sump and flexible type 
discharge pipe shall be provided.   

 e) Impeller  

  Impeller type shall be open/semi-closed type/closed as indicated elsewhere. 
Enclosed impellers shall be equipped with seal rings on their hubs. In case of 
open impeller, the pump shall be design to take care of the additional thrust 
produced.

6.00.00 MOTOR

i) Motor shall be coupled directly to the impeller shaft. 

ii) The motor shall be suitable for operation when submersed in water. The 
housing shall have required degree of protection.  

iii) Necessary arrangement to be made to make cable entry absolutely water 
tight, with cores cast in insulation along with cable gland 'O' ring seat.  

iv) Built in temperature sensors are to be provided to enable tipping of motor if 
temperature rises above the design temperature limit. These sensors are to 
be used directly in the circuiting of control panel. The control circuit should 
trip the motor if the temperature rises beyond safe limits. 

v) Moisture sensors are to be embedded in motor chamber to trip the motor in 
case of moisture entry in motor due to failure of pump mechanical seal. 

vi) Motor shall be oil filled/oil lubricated or water filled type. Pressure equalizing 
diaphragm and sand guards with seal shall be provided to prevent the water 
and sand entering the motor.  

 vii) Power supply to the motor and control connections shall be preferably 
combined in one cable and shall be flexible copper conductor PVC insulated, 
armored and overall hard grade PVC sheathed, and suitable for  under water 
service. The cable gland shall be properly sealed to prevent entry of pumped 
liquid the motor. Length of the cable shall be of suitable for site conditions. 
The cable shall be terminated on the control panel with necessary facility to 
terminate with the power receptacle.   
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 viii) For pumps which are specified under portable application, Cable shall be 
suitable for continuous winding/un winding duty on a cable reeling drum and 
shall be installed on a trolley mounted on wheels. Associated control panel is 
also to be mounted on the trolley. 

ix) Water level controller shall be provided which should be with two level 
controls, high to start and low to stop. 

7.00.00 EQUIPMENT DATA SHEET  

Type of pump   : Submersible type fixed inside pits/ sump  
    with guides /lifting chains   

Type of Working Fluid  : Drains with particle size upto 40 mm  

Type of impeller  : Open

Type of lubrication   : Self / Grease / Oil

 Speed    : Preferably 1500 rpm (maximum) 

Material of Construction

 a) Casing  : 2% Nickel Cast Iron, IS:210  
      Grade FG 260;  

 b) Impeller  : SS-316

 c) Shaft   : SS- 410

d) Bolts & nuts   : SS-316

 e) Accessories  :  Suction Strainer, Pump stand, Adaptors for  
      discharge flange, Level measuring devices/ 
      Controllers, Lifting hook & chain handle to  
      agitate debris etc, Discharge hose  
      connected with piping upto the drains etc. 

f) The discharge, suction /column pipes shall be heavy grade Carbon steel 
externaly lined with epoxy or galvanised. 
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7.6.0 CLEANING, PROTECTIVE COATING AND PAINTING 

7.6.1 General 

 This specification  covers the general requirements related to the cleaning protective coating 
and painting of equipment, components and system.  The components and/or equipment 
shall be mechanically and /or chemically cleaned during the following stages of the Contract. 

- Cleaning in workshop 
- Cleaning before painting and/or corrosion protection (application of prime coat) 
- Cleaning before erection and during installation. 

 Cleaning of fabricated component items shall be carried out after fabrication and final heat 
treatment or welding at manufacturer's works or at site, as appropriate. 

 For cleaning in workshop and before painting mechanical cleaning as opposed to alternative 
chemical cleaning is the preferred method for works cleaning except where this is precluded 
by design or access considerations. 

 Machined surfaces shall be protected during the cleaning operations. 

 In the event of the surfaces not being cleaned to the purchaser's  satisfaction, such parts of 
the cleaning procedures or agreed alternatives as are deemed necessary to overcome the 
deficiencies shall be carried out at the supplier's sole expense. 

 For reclining small areas, hand cleaning by wire brushing may be permitted. Wire brushes 
used on austenitic steel bristles. 

 Austenitic stainless steels, copper and aluminium alloys, cast iron, bimetallic and 
metallic/plastic items, and components fabricated by spot welding or riveting shall not be 
chemically cleaned. All weld areas shall be suitably stress relieved before chemical cleaning. 

 Codes and Standards

 Internationally recognized codes and standards with purchasers approval shall be followed 
for the work covered by this contract. 

 Surface Preparation Standards

 The following standards shall be followed for surface preparations: 

- Swedish standard Institution - SIS-05 5900-1967 (Surface preparation standards for 
painting steel surfaces). 

- Steel structures painting council, U.S.A. (Surface Preparation Specifications (SSPC-
SP).

- British Standards Institution (Surface Finish of Blast cleaned steel for painting) BS-
4232.

- National Association of Corrosion Engineers, U.S.A. (NACE). 

- Various international standards equivalent to Swedish standard for surface 
preparation are given in Table-1. 
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 The contractor shall arrange, at his own cost, to keep a set of latest edition of the above 
standards and codes at site. 

 The paint manufacturer's instruction shall be followed as far as practicable at all times. 
Particular attention shall be paid to the following: 

a) Proper storage to avoid exposure as well as extremes of temperature. 
b) Surface preparation prior to painting. 
c) Mixing and thinning 
d) Application of paints and the recommended limit on time intervals between coats. 
e) Shelf life for storage. 

 Any painting work (including surface preparation) on piping or equipment shall be 
commenced only after the system tests have been completed and clearance for taking up 
painting work is given by the Engineer, who may, however, at his discretion authorise in 
writing, the taking up of surface preparation or painting work in any specific location, even 
prior to completion of system test. 

 Equipment 

 All  tools,  brushes, rollers,  spray  guns,  blast material,  hand  power tools for cleaning  and  
all equipment,   scaffolding  materials,   shot/sand blasting equipment & air compressors etc. 
shall  be arranged   by  the  contractor   at  the  site in sufficient  quantity  at his own  cost.   
He  shall arrange  at  his  own  cost,  for  suitable paint thickness  measuring  instrument  like   
Elkometers acceptable   to  the  Engineer  (with   calibration facilities). 

 Mechanical  mixing shall be used for  paint  mixing operations in case of two pack systems 
except  that the  Engineer  may allow the hand mixing  of  small quantities at his discretion. 

7.6.2 Mechanical Cleaning at Manufacturer's Works 

 Mechanical cleaning shall preferably be carried out by abrasive blasting. The Owner is 
prepared to consider alternative methods provided they achieve the necessary surface 
condition.

 Surface condition: 

 The Metal surfaces shall be clean and free of mill scale, rust, dirt, grease and any other 
deleterious matter. 

 Where metal surfaces are to be painted the surface profiles shall conform with the painting 
specification requirements. 

 Where this does not apply surfaces shall have a surface texture not coarser than Grade 80 
abrasive paper. 

 Abrasives: 

 Abrasives containing silica, silicates or slag residues shall not be used for water/steam side 
surfaces of plant except for cleaning sand castings, where hydro blasting with sand may be 
used.

 For austenitic materials only, abrasives containing 98% or more of aluminia, Al2 O3, shall be 
used.

 Removal of abrasive and debris: 
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 After cleaning, abrasive and debris shall be thoroughly removed from components. 

7.6.3 Alternative Chemical Cleaning at Manufacturer's Works 

 The procedure shall comprise: 

 Pre-treatment 
 Acid treatment 

 To achieve cleanliness equivalent to that specified for mechanical cleaning. The procedure to 
be adopted must meet with the purchaser's approval. 

7.6.4 Protection at Manufacturer's Works 

 As soon as all items have been cleaned and within four hours of the subsequent drying, they 
shall be given suitable anti-corrosion protection. 

 All water, air and steam side surfaces shall be protected by the application of approved water 
soluble corrosion inhibitors, or vapour phase inhibitors that can be subsequently removed by 
site water washing or steam blowing. 

 The rate of application of volatile corrosion inhibitors shall be at least 10 grams per square 
metre or 35 grams per cubic metre, whichever is the greater, except for pipes up to 300 mm 
diameter for which the minimum application rates shall be 5 grams per square metre. 

 Immediately after the protective treatment has been applied all vessels and pipes shall be 
suitably sealed off by discs  or caps or approved alternatives to prevent ingress from the 
surrounds. Cylindrical plugs shall not be driven into the ends of pipes. These protective 
covers shall not be removed until immediately before final connection is made to the 
associated equipment. 

7.6.5 Weather Conditions 

 Painting shall be done only when the surface temperature is above 5°C. surface  temperature 
must be at least 3°C above dewpoint to ensure that condensation does not occur on the 
surface.

 Reasonable protection against precipitation, corrosive fumes and vapours shall be exercised 
for the painting of outdoor parts. 

 Precautions shall also be taken against solar radiation to ensure that the specified dry film 
thickness of priming or finish coats is obtained. 

 Any prime coat exposed to excess humidity, rain, dust etc., before drying, shall be permitted 
to dry and the damaged area of primer shall be removed and the surface prepared and 
primed again. 

 Sheltered or unventilated horizontal surfaces on which dew may collect require more 
protection, and to achieve this an additional top coat of paint shall be applied. 

7.6.6 Surface Preparation 

 In preparing any surface to be coated, all loose paint, dirt, grease, rust, scale, weld slag or 
spatter or any other extraneous material shall be removed and defects repaired, so as to 
obtain a clean, dry, even surface to receive the priming or finishing coat (s) as called for in the 
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painting schedules. Sharp edges should be rounded, especially when tank linings have to be 
applied.

 All machined surfaces, including flange faces, shall be suitably covered to prevent damage 
during surface preparation. 

 All surfaces should be blast cleaned whenever possible. 

 Surface preparation methods 

 Bare steel surfaces should be prepared by one of the methods described below in order of 
preference and in accordance with Swedish Standard SIS 05 59 00 or Steel Structures 
Painting Council, SSPC, Vis 1, or DIN 55928, section 4. 

(a) White metal blast cleaning:                 Sa 3  or SSPC - SP 5

Sa 3 Blast cleaning to bare metal. Mill scale, rust and foreign matter must be removed 
completely. Subsequently, the surface is cleaned with  vacuum cleaner, clean dry 
compressed air or a clean brush. It must then have a uniform metallic colour and correspond 
in appearance to the prints designated Sa 3. 

(b) Near white metal blast cleaning          Sa 2 1/2 or SSPC - SP 10 

 Sa 2  1/2.  Very thorough blast cleaning. Mill scale, rust and foreign matter shall be removed 
to the extent that the only traces remaining are slight imperfections in the form of spots or 
stripes. Subsequently, the surface is cleaned with a vacuum cleaner, clean dry compressed 
air or a clean brush. It must then correspond in appearance to the prints designated sa 2  1/2. 

 Mechanical cleaning should only be used when procedures (a) and (b) are not practicable. 

 (c) Commercial Blast Cleaning     Sa 2 

 Sa 2 Blast cleaning until atleast two-thirds of each element of surface area is free of all visible 
residues.  This method of Blasing is suitable for steel required to be painted with conventional 
paints for exposure to mildly corrosive atmesphere for longer life of the paint systems. 

 (d) Near white metal blast cleaning       P Sa 2   1/2  DIN 55928 

Very thorough blast cleaning. Very adhesive coatings remain. From all other surface mill 
scale and rust are to be removed to such an extent that the only traces remaining are slight 
imperfections in the form of spots or stripes. Further treatment see Sub b).

 The adhesivity of residual coatings in the transition zone has to be tested even after the 
application of the primer. 

 (e) very thorough mechanical scraping and wire burshing  St  3

St 3 very thorough scraping and wire-burshing - machine brushing - grinding - etc. are to be 
preferred. Surface preparation as for st 2. But much more thoroughly. After the removal of 
dust, the surface must have a pronounced metallic sheen and correspond to the prints 
designated St.  3. 

 (f) Thorough scraping and wire brushing:   St  2

St 2 Thorough scraping and wire-brushing - machine brushing - grinding - etc. The treatment 
shall remove loose mill scale, rust and foreign matter. Subsequently, the surface is cleaned 
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with a vacuum cleaner, clean dry compressed air or a clean brush. It should then have a faint 
metallic sheen. The appearance must correspond to the prints designated St  2. 

Table-1  (Surface Preparation Standards) 
_________________________________________________________________________

Surface  SIS 055900  DIN 55928,        BS 4232         SSPC-Vis 
preparation    Part 4           only for   
method               blasting  
_________________________________________________________________________
blasting      
acc.to   Sa  3          first   white 
item (a)        quality  metal   SP  5 
________________________________________________________________________
blasting   Sa 2 1/2     second              near 
acc. to       quality              white   SP 10 
item (b) 
_____________________________________________________________________
blasting                            Sa 2     Third             Commercial 
acc.to        quality  Blast   SP 6 
item (c) 
_________________________________________________________________________
   St  2                 Hand tool/ 
                         _           power tool 
derusting                   Cleaning  SP  2 
acc to  
item (f)
_________________________________________________________________________
acc. to      
items (e)  St   3               _      Power tool 
             Cleaning  SP  3 

_________________________________________________________________________
Flame jet  F1      _           Flame  SP 4 
cleaning            cleaning   

_________________________________________________________________________
Pickling   Be      _           Pickling 

_________________________________________________________________________

 Steel structures to be blast cleaned have to be free of pitting and other severely corroded 
places in accordance with B.S. 4232 and SIS 055900. 

 The abrasives used for blast-cleaning shall be graded flint, grit, shot or silica sand and shall 
be such that they will produce an average keying profile on the blast-cleaned surface of not 
more than 40 microns. 

 An air pressure of 7 bar g at the nozzle shall be used. 

 After blast-cleaning, all accumulated grit, sand, dust, etc., must be removed leaving the 
surface clean, dry and free of mill scale, rust grease and other foreign matter. 

57

THIS IS A PART OF TECHNICAL SPECIFICATION PE-TS-372-673-A001



FICHTNER Volume - IV 
PROJECT SUBJECT TENDER DOC. NO. REV SECTION 

REPUBLIC OF YEMEN TENDER DOCUMENT FOR 7.6

PEC – ME ENGINEERING, PROCUREMENT & 7195-GE-SPC-700-001 C SHEET NO.

400 MW MARIB GTPS – II CONSTRUCTION (EPC) 8

 FICHT-4803877-v1-Sec-7_6_Cleaning_protective_coating_and_painting_RRB.DOC APM/ME     

FO
R

M
T9

-P
 R

E
V

-B
 

 In the event of rusting after completion of the surface preparation, the surface must be 
cleaned again in the manner specified. 

 Oil, grease, soil, cement, salts, acids or other corrosive chemicals shall be cleaned from steel 
surfaces, by the use of solvents, emulsions or cleaning compounds. The final wiping shall be 
with clean solvent and clean rags or brushes. There shall be no detrimental residue left on 
the surface. 

 Primed areas which suffer damage must be spot blasted on site to a degree of cleanliness  
P Sa 2 1/2 before touching up. 

 Protective coating must be applied as quickly as possible after the completion of surface 
preparation no matter what cleaning method has been used. 

 No blast-cleaned surface shall be allowed to remain uncoated overnight. 

 Steel work protected by shop primer after arrival on site must be cleaned of salt, sand, oil etc.  
before the first coat of paint is applied on site. Shop primer damaged during transport must be 
rectified by blast-cleaning and coating before application of the site coats. 

 Wood surfaces shall be sanded clean. All nail holes shall be puttied and sanded before 
priming.

 Concrete: If a protective coating is required, concrete shall be allowed to cure before painting. 

7.6.7 Rub Down and Touch up of Primer 

 The  shop  coated  surfaces shall  be  rubbed  down thoroughly  with  emery paper to remove  
all  dust, rust and other foreign matters, washed,  degreased, then  cleaned with warm fresh 
water and air  dried.  The portions, from where the shop coat  has  peeled off, shall be 
touched up and allowed to dry  before applying  a  coat  of  primer.   The  compatibility 
between  shop  coat   and field  primer  should  be ascertained  from the paint manufacturer.  
In  case degreasing with white spirit is not effective,  the surface should be finally wiped clean 
with aromatic solvent like xylol or light naphtha. 

7.6.8 Non Compatible Shop Coat Primer 

 The  compatibility  of  finishing  coat  should  be confirmed  from  the paint  manufacturer.   In  
the event  of  use of primer such as zinc  rich  epoxy, inorganic  zinc   silicate etc., the  paint  
system shall  depend  on condition of shop coat.   If  the shop  coat is in satisfactory condition 
showing  no major  defect, the shop coat shall not be  removed.  The touch up primer and 
finishing coat(s) shall  be identified for application by Engineer. 

 Shop  coated (coated with primer & finishing  coat) equipment  shall not be repainted unless  
paint  is damaged. 

 Shop  primed equipment and surfaces shall  only  be 'spot  cleaned' in damaged areas by 
means of  power tool brush cleaning or hand tool cleaning and  then spot  primed  before  
applying one  coat  of  field  primer unless otherwise specified.  If shop  primer is  not  
compatible  with field  primer  then  shop coated  primer shall be completely  removed  before 
application of selected paint system for particular environment. 

 For  package units/equipment, shop primer shall  be as  per  the  paint  system  given  for  
particular environment. 
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 In  case of existing paint,  compatibility  between finishing  coat and new selected finish coat  
shall be ascertained  before application of finish  coat.  In  case the  coat  is  selected  for 
upgrading existing alkyd coating to high performance coating, then   surface  preparation  can  
be   by   manual/ mechanical  means  to  remove  loose  rust,  peeled off/damaged  paint, but 
sound old coating need  not be  removed.  It should be touched with  red  oxide zinc  
chromate  primer wherever it  has  peeled  of before application of tie coat.  The tie coat shall 
be applied after 7 days of curing of red oxide zinc chromate  primer.    If  new paint  system  is  
not suitable to upgrade existing coating then  complete paint  shall  be  removed by  
mechanical  or  blast cleaning before application of new coating system. 

7.6.9 Paint Materials 

Plant and equipment shall be painted according to the colour scheme followed in Phase-I 

7.6.10 Storage 

 All  paints and painting material shall  be  stored only in rooms to be provided by the 
contractor  and approved by  Engineer  for  the   purpose.    All necessary  precautions  
shall be taken  to  prevent fire.   The  storage building shall  preferably  be separated  from  
adjacent buildings.   A  signboard bearing the words "PAINT STORAGE - NO NAKED LIGHT 
- HIGHLY INFLAMMABLE - DANGER - NO SMOKING" shall  be clearly  displayed outside.  
All paints  should  be stored  in the safest manner so that  no  container rolls down and 
causes accidents. The shelf life  of the  paints  should be ensured so  that  the  paint 
materials are not in storage and use after the date of expiry. 

7.6.11 Preparation of Coating Materials 

 All container shall remain un-opened until required for use. 

 Primers  and paints which have livered,  gelled  or otherwise deteriorated shall not be used. 

 The  oldest primer or paint of each kind  shall  be used first. 

 All   ingredients   in  any  container   shall   be thoroughly mixed before use, and shall be  
agitated frequently during application to keep the primer in suspension. 

 Primer  or  paint mixed in the  original  container shall not be transferred until all settled  
pigment is incorporated into the body of the liquid. 

 Mixing  in open containers shall be done in a  well ventilated area. 

 Primer or paint shall be mixed in a manner ensuring the breakdown of all lumps, complete 
dispersion  of pigment and uniform composition. 

 Two-component primers shall be mixed in  accordance with the manufacturer's instructions. 

 Thinners  shall not be added to primers  or  paints unless  necessary for proper application  
according to the manufacturer's instructions. 

 When use of thinners is permitted, it must be added to the primer or paint during mixing. 
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7.6.12  Application 

 Health and safety of work

 The supplier has to check all painting work to be carried out according to the specification of 
the paint supplier further to all relevant prescriptions and regulations concerning the health 
and safety of work. 

 The paint supplier has to present a written specification including at least the flash point of the 
paints, ventilation requirements, handling precautions such as inhalation, eye and skin 
protection, and first aid procedure, storage requirements, spill or leak procedure, fire 
precaution, waste disposal. 

7.6.13 Safety Requirements 

 Protection of the blast cleaner operator's eyes and respiratory system should be given prime 
consideration in any open blast cleaning operation.  Airfed helmets, respiratory filters, air 
conditioned hoods etc. should be provided in sufficient number to the blast cleaning operators 
to avoid the harmful effect of blast cleaning abrasives.  Also, an automatic shut-off device 
which will shut-off the air supply to the blasting machine should be installed which will prevent 
the dangerous whipping of an operating blast hose if an operator becomes disabled. 

 Methods

 Temporary corrosion protections are to be completely removed  prior to applying the definite 
one.

 All prime coatings shall be applied by brush or airless spray or a combination of these 
methods, as approved by the coating manufacturer. 

 All doors, windows, stairways, handrails (if  painted), bolts, flanges and equipment supports 
shall be finish painted by brush. 

 Spray guns should not be used outside in windy weather or near surfaces of a contrasting 
colour unless the latter is properly protected. 

 All cold-spray painting shall be done using standard equipment in accordance with accepted 
standards and methods. 

 Care has to be taken not to connect spraying devices for nitro and backelite paints 
simultaneously to oil based paints. 

 Paint applied to items that are not be painted shall be removed at the supplier's expense, 
leaving the surface clean, unstained and undamaged. 

7.6.14 Dry Film Thickness (DFT) 
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 To the maximum extent practicable the coats shall be applied as a continuous film of uniform 
thickness and free of pores. Overspray, skips, runs, sags and drips should be avoided. The 
different coats shall not be of the same colour. 

 Each coat of paint shall be allowed to harden before the next is applied. For epoxy paint the 
hardening time normally is 12-14 hours. Suppliers' recommendations regarding hardening 
time of epoxy paints must be followed. 

 Particular attention must be paid to full film thickness at edges. 

 The minimum total dry film thickness  of the paint systems shall be as  recommended in the 
following table. The dft is given in microns (millionths of a metre). 

7.6.15 Protective Coatings and Paint Systems 

 The type and number of protective coats for any item requiring painting are to be in 
accordance  in the attached tables "Paint Systems" (Annex-1). 

 Alternative to the  'paint system' specified, are to be presented on the schedule Departure 
from Specification, as indicated elsewhere. 

 Generally, all parts shall receive the specified prime coat (s) at the supplier's works to ensure 
that no corrosion occurs during transport to the site and storage at the site. 

 Parts which cannot be damaged during transport shall receive the full number of coats. 

7.6.16 Colour Code for Piping 

 The   colour   code   scheme   is   intended for identification  of  the individual  group  of  the 
pipeline.  The system of colour coding consists  of a  ground colour and colour bands  
superimposed  on it.  The  colour coding for the  identification  of pipelines should comply with 
the requirements of Phase-I. 

 Ground  Colour  shall  be  applied  throughout  the entire length for uninsulated pipes. For  
insulated pipes,  on  the metal cladding or on the  pipes  of material  such  as non-ferrous  
metals,  austenitic stainless  steel  etc.  Ground colour  coating  of minimum  2m length or of 
adequate length not to  be mistaken as colour band shall be applied at  places requiring  
colour bands.  Colour band(s)  shall  be applied at the following location. 

a.    At battery limit points 
b. Intersection  points  &  change  of  direction points in piping ways. 
c. Other  points, such as midway of  each  piping way,  near valves, junction joints of  

service appliances,  walls,  on either  side  of  pipe culverts. 
d. For long stretch/yard piping at 50 M interval. 
e. At start and terminating points. 

 Identification Sign 

 Flow  direction shall be indicated by an  arrow  in the  location  stated  in Para a,b,c  &  d  and  
as directed  by Engineer. 

 Colours  of arrows shall be black or white  and  in contrast   to   the  colour  on  which   they   
are superimposed. The  size of the arrows shall  confirm to relevant standards. 

 Product names shall be marked at pump inlet, outlet and battery limit in a suitable size as 
approved by Engineer. 
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 Colour Bands 

 The width  of  colour  band  shall conform to the requirements of Phase-I 

 Whenever  it is required by the  Engineer to  indicate  that a pipeline carries  a  hazardous 
material,  a hazard marking of diagonal stripes  shall be made as per the requirements of 
Phase-I

7.6.17 Identification of Vessels, Piping etc. 

 Equipment  number  shall be stenciled in  black  or white on each vessel, column, equipment 
& machinery (insulated  or uninsulated) after  painting.   Line number in black or white shall 
be stenciled on  all the  pipe  lines  of  more than  one  location  as directed by Engineer, size 
of letters printed shall be as per applicable codes & standards 

 Identification of storage tanks: The storage  tanks shall  be  marked  as detailed  in  the  
respective drawing. 

7.6.18 Inspection and Testing 

 All painting  materials  including  primers and thinners  brought  to site by  the  contractor  for 
application   shall  be  procured   directly   from manufacturer  as  per specifications and  shall  
be accompanied  by manufacturer's  test  certificates.  Paint  formulations  without certificates  
are  not acceptable. 

 Engineer at his discretion, may call for tests  for paint  formulations.  Contractor shall  arrange  
to have such tests performed including batchwise  test of  wet  paints for physical &  chemical  
analysis.  All  costs thereof shall be borne by the  contractor.  

 The  paints  shall  be tested  as  per  applicable codes & standards  approved by the Owner. 

 The painting work shall be subject to inspection by Engineer  at all times.  In  particular,  
following stagewise   inspection  shall  be   performed and contractor shall offer the work for 
inspection  and approval of every stage before proceeding with  the next  stage.   The record 
of  inspection  shall  be maintained in the registers.  Stages of  inspection are as follows: 

a. Surface preparation 
b. Primer application 
c. Each coat of paint 

 In addition to above, record should include type of shop primer already applied on equipment 
e.g. Red oxide  zinc chromate or zinc chromate or  Red  lead primer etc. 

 Any  defect  noticed during the various  stages  of inspection shall be rectified by the 
contractor  to the   entire   satisfaction  of   Engineer   before proceeding    further.    
Irrespective of the inspection,  repair  and approval  at  intermediate stages of work, 
contractor shall be responsible for making good  any  defects  found   during   final 
inspection/guarantee period/defect liability period as  defined in general condition of contract. 
Dry film thickness (DFT) shall be checked and  recorded after  application of each coat and 
extra  coat  of paint   should  be  applied  to  make-up  the DFT specified without any 
extra coat to owner. 
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7.6.19 Primer Application 

 After  surface  preparation, the primer  should  be worked by brush application to cover the  
crevices, corners,  sharp  edges  etc.  in  the  presence  of inspector nominated by Engineer. 

 The shades of successive coats should be  slightly different in colour in order to ensure  
application of individual coats, the thickness of each coat and complete coverage should  be  
checked as per provision  of this specification.  This  should  be approved by   Engineer  
before   application of  successive coats. 

 The  contractor  shall provide  standard  thickness measurement  instrument with  appropriate  
range(s) for measuring. 

 Elcometer  for measuring the Dry film thickness  of each  coat, surface profile gauge for  
checking  of surface profile in case of sand blasting,   Holiday detectors  and pinhole 
detectors for  checking  the painted  surface discontinuities should be  provided by the 
contractor.

 At  the request of Engineer, the  contractor  shall make   arrangements  for  paint   
manufacturer to provide  expert  technical service at site  as  and when required.  This service 
should be free of cost and without any obligation to the Purchaser, as  it would  be  in the 
interest of the  manufacturer  to ensure   that   both   surface   preparation and application   
are   carried  out   as   per   their recommendations. 

 Final inspection shall include measurement of paint dry   film   thickness,   check   of   finish 
and workmanship.   The thickness should be measured  at as   many  points/locations  as  
decided  by the Engineer and shall be within + 10% of the dry  film thickness. 

7.6.20 Guarantee 

 The  contractor shall guarantee that  the  chemical and physical properties of paint materials 
used are in  accordance  with the  specifications  contained herein/to be provided during 
execution of work. 

 The contractor shall produce test reports from  the manufacturer   regarding   the   quality   of 
theparticular  batch of paint supplied.  The  Engineer shall  have the right to test wet samples 
of  paint at  random  for  quality of the  same.  Batch  test reports  of  the manufacturer's for 
each  batch  of paints  supplied  shall be made  available  by  the contractor. 

7.6.21 Scope of areas to be Painted and Painting Systems 

 The  paint  system adopted shall  be  suitable  for Coastal and  Marine environment as  given 
in Annex  - 1.

 Primers  and finish coats for any particular  paint system  shall be from same manufacturer in 
order to ensure compatibility. 

7.6.22 Galvanizing 

 Galvanizing works shall conform in all respect to applicable standards and shall be performed 
by the hot dip process, unless otherwise specified. 

 It is essential that details of steel members and assemblies which are to be hot-dip 
galvanized should be designed in accordance with applicable standards. 
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 Vent-holes and drain-holes should be provided to avoid high internal pressures and air-locks 
during immersion, which may cause explosions, and to ensure that molten zinc is not retained 
in pockets during withdrawal. 

 Careful cleaning of welds is necessary before welded assemblies are dipped. The welds and 
the surrounding metal should be cleaned separately, preferably by blast-cleaning, because 
the usual preliminary pickling cannot be relied on to remove the welding slag. 

 All defects of the steel surface including cracks, surface laminations, laps and folds shall be 
removed in accordance with relevant applicable standards.  All drilling, cutting, welding, 
forming and final fabrication of unit members and assemblies shall be completed, where 
feasible, before the structures are galvanized. The surface of the steelwork to be galvanized 
shall be free from paint, oil, grease and similar contaminants.  The weight of zinc coating per 
unit area has to be noted in the manufacturing documents. 

 Structural steel items shall be initially grit-blasted to B.S. 4232, second quality, (Sa 21/2) or by 
pickling in a bath and the minimum average coating weight on steel sections 5 mm thick and 
over shall be 900 g/m². 

 On removal from the galvanizing bath, the resultant coating shall be smooth, continuous, free 
from gross surface imperfections such as bare spots, lumps, blisters and inclusions of flux, 
ash or dross. 

 Galvanized contact surfaces to be joined by high-tensile friction-grip bolts shall be roughened 
before assembly so that the required slip factor is achieved. care shall be taken to ensure that
the roughening is confined to the area of the mating faces. 

 Bolts, nuts and washers, including general grade high-tensile friction grip bolts shall be hot 
dip galvanized and subsequenty centrifuged.  Nuts shall be tapped up to 0.4 mm oversize 
after galvanizing and the threads oiled to permit the nuts to be finger-turned on the bolt for  
the full depth of the nut. No lubricant, applied to the projecting threads of galvanized high-
tensile friction-grip bolt after the bolt has been inserted through the steelwork, must be 
allowed to come into contact with the mating faces of the steelwork,. A local remelting of the 
galvanized parts to achieve the nuts to be finger turned on the bolt is to be done as per the 
relevant standards. 

 Protected slings must be used for offloading and erection. Galvanized work which is to be 
stored at the works or on site shall be stacked so as to provide adequate ventilation to all 
surfaces to avoid wet storage staining (white rust). 

 Small areas of the galvanized coating damaged in any way shall be restored  in accordance 
with relevant standards. 

- Cleaning the area of any weld slag rust and other inpurities and by thorough wire 
brushing to give a metallic clean surface. 

- application of suitable number of coats of zinc-rich paint containing more than 90 % 
w/w of zinc in dried film. The dry film thickness shall exceed at least 50 % the 
thickness of the desired galvanization. In case of application of a low melting point 
zinc alloy repair rod, the rods shall be in accordance with applicable codes, the 
thickness of the alloy shall be at least as of the desired galvanization. 

 The restored area is not to exceed 1 % of the galvanized surface. 

 Surface restoration of parts in contact with drinking water is not allowed and the quality of the 
galvanization is to be in accordance with relevant standards. 
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 After  fixing, bolt heads, washers and nuts shall receive two coats of zinc-rich paint. 
Connections between galvanized surfaces and copper, copper alloy or aluminum surfaces 
shall be protected by suitable preferably hydrophobe tape wrappings to the owner's approval. 

7.6.23 Sprayed Metal Coatings 

 Corrosion protection may be also achieved by spraying of suitable metals as zinc and/or 
aluminium on the surfaces of structures. For special cases tin, copper, lead can be used as 
well. Methods of surface preparation have to conform to relevant applicable standards.  A 
proper  treatment  of  the  surface  followed by an immediate spraying is to apply to ensure 
adhesion of the sprayed metal. The surface has to be clean, free of impurities, rust, millscale 
and rough enough to have binding properties to ensure good enticulation with the sprayed 
layer. Suitable roughness can be achieved by blast cleaning acc. to BS 4232.  Welds are to 
be cleaned and prepared with special care. All surfaces to be treated have to be dry and 
accessible. 

 Application of coatings, requirements for thickness, adhesion, composition of coating metals, 
and subsequent treatment have to conform to relevant standards. 

 Testing of the spray coated layer are to be carried out in accordance with relevant standards. 

 The contractor has to specify the type, composition and thickness of the sprayed metal and of 
the sealing coating acc. to relevant applicable standards including the corresponding 
warranties and tests if sprayed metal coating will be applied. 

7.6.24 Safety of Work 

 All precautions connected with this type of application of corrosion protection have to be in 
accordance with relevant standards. 

 Sprayed, unfused coating of metals and metallic compounds applied by combustion gas 
flame, plasma arc, detonation and similar processes, and the preparation of components, 
spraying techniques, sealing, finishing and inspection shall be according to relevant 
standards.

 The hot galvanized surface has to be cleaned before the application of the coats to remove 
corrosion products, dirt, dust, grease. 

 The cleaning can be achieved by 

- brush off 
- washing with 1 - 1.5 % ammonia water with up to 0.1 % detergent added and 

followed by wet  grinding using e.g. scotch britt to turn the foam to grey color, 
- steam blasting, 
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Resin, filter media and Membranes are also
included in this category
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