
September 3, 2024

ADDENDUM # 1

TO PROSPECTIVE BIDDERS OF SD-428, MWWTP OXYGEN PLANT 
REHABILITATION

Notice is hereby given that Volumes I-A, I-B, II-A, II-B, III, and IV of the SD-428 Contract 
Documents have been revised as follows:

VOLUME I-A – BIDDING DOCUMENTS AND SPECIFICATIONS (DIVISIONS 00-01)

1. On the Cover of Volume I-A: REMOVE the bid opening date of “Wednesday,
September 11, 2024” and REPLACE with new bid opening date “Wednesday, October
9, 2024.”

2. Document 00 11 13 Notice to Contractors: In the first paragraph, REMOVE the bid
opening date of “Wednesday, September 11, 2024” and REPLACE with new bid
opening date “Wednesday, October 9, 2024.”

3. Document 00 11 13 Notice to Contractors: In the third paragraph, REMOVE the
Operational Completion deadline of “730 calendar days” and REPLACE with the
Operation Completion deadline of “751 calendar days.”

4. Document 00 11 13 Notice to Contractors: In the third paragraph, REMOVE the Final
Completion deadline of “790 calendar days” and REPLACE with the Final Completion
deadline of “811 calendar days.”

5. Document 00 73 05 Supplementary Requirements: Section 1.1.C.1 REMOVE sentence
and REPLACE with “All work shall be operationally complete within 751 calendar days
after receipt by the Contractor of the Notice to Proceed.”

6. Document 00 73 05 Supplementary Requirements: Section 1.1.C.2 REMOVE sentence
and REPLACE with “All work shall be complete within 811 calendar days after receipt
by the Contractor of the Notice to Proceed.”

7. Document 00 73 05 Supplementary Requirements: Section 1.1.C.4 REMOVE sentence
and REPLACE with “One of the two oxygen plants shall be made “ready for integration
programming” within three hundred eighty-six (386) calendar days after the Notice to
Proceed.”

This unlocked pdf addendum is provided for the convenience of 
bidders. The District does not vouch for the accuracy or correctness 

of this addendum or any of their contents. This unlocked pdf 
addendum is not considered part of the Contract 

Documents. Bidders assume all risks associated with the use of this 
unlocked pdf addendum. 



Addendum No. 1
SD-428, MWWTP Oxygen Plant Rehabilitation
September 3, 2024
Page 2

8. Document 00 73 05 Supplementary Requirements: Section 1.2.A.1 REMOVE paragraph 
and REPLACE with “Each oxygen plant can only operate a maximum 386 days before 
needing to be taken offline for maintenance. For delays to the first oxygen plant’s 
readiness for integration programming, Contractor shall deduct as liquidated damages the 
cost to the District for any liquid oxygen delivered to the MWWTP to allow the District 
to take offline the in-service oxygen plant for maintenance.”

VOLUME I-B – APPENDICES

9. On the Cover of Volume I-B: REMOVE the bid opening date of “Wednesday, 
September 11, 2024” and REPLACE with new bid opening date “Wednesday, October 
9, 2024.”

10. Following Appendix B Environmental Assessment Information, B1. Metals Analysis of 
Paints for SD-428, INSERT Appendix B.2 V&A O2 Plant Corrosion Assessment Report 
and Appendix B.3 SW Hi-Solids Polyurethane 250 Literature.

VOLUME II-A – TECHNICAL SPECIFICATIONS (DIVISIONS 02-26)

11. On the Cover of Volume II-A: REMOVE the bid opening date of “Wednesday, 
September 11, 2024” and REPLACE with new bid opening date “Wednesday, October 
9, 2024.”

12. Specification 22 05 00 Air Compressor Motor Replacement – REMOVE and 
REPLACE with REVISED Specification 22 05 00 Air Compressor Motor Replacement.

13. Specification 22 05 53.05 Pipe Identification – REMOVE and REPLACE with 
REVISED Specification 22 05 53.05 Pipe Identification.

14. Specification 26 05 19 Low Voltage Electrical Power Conductors and Cables – 
REMOVE and REPLACE with REVISED Specification 26 05 19 Low Voltage 
Electrical Power Conductors and Cables.

Note: Changes to Specifications 22 05 00, 22 05 53.05, and 26 05 19 are shown as 
follows: additions are underlined and deletions are crossed out.

VOLUME II-B – TECHNICAL SPECIFICATIONS (DIVISIONS 27-40)

15. On the Cover of Volume II-B: REMOVE the bid opening date of “Wednesday, 
September 11, 2024” and REPLACE with new bid opening date “Wednesday, October 
9, 2024.”

 

This unlocked pdf addendum is provided for the convenience of 
bidders. The District does not vouch for the accuracy or correctness 

of this addendum or any of their contents. This unlocked pdf 
addendum is not considered part of the Contract 

Documents. Bidders assume all risks associated with the use of this 
unlocked pdf addendum. 

 



Addendum No. 1
SD-428, MWWTP Oxygen Plant Rehabilitation
September 3, 2024
Page 3

VOLUME III - DRAWINGS

The following listed Drawings have been revised under this Addendum. These REVISED 
Drawings shall REPLACE the respective Drawings provided with the original bid documents. 

REVISED DRAWINGS
Item 
No. Drawing Number Rev No.

GENERAL
17. SD428-W4400-G001 1

MECHANICAL
18. SD428-W4400-M102.1D 1
19. SD428-W4400-M102.1 1
20. SD428-W4400-M102.2D 1
21. SD428-W4400-M102.2 1
22. SD428-W4400-M301 1
23. SD428-W4400-M302 1

ELECTRICAL
24. SD428-W4400-E102.3D 1
25. SD428-W4400-E102.3 1
26. SD428-W4400-E102.4D 1
27. SD428-W4400-E102.4 1
28. SD428-W4400-E122 1
29. SD428-W4400-E123 1
30. SD428-W4400-E230D 1
31. SD428-W4400-E230 1
32. SD428-W4400-E317 1
33. SD428-W4400-E503 1
34. SD428-W4400-E503-E510 1
35. SD428-W4400-E503-511 1
36. SD428-W4400-E504 1
37. SD428-W4400-E504-E510 1
38. SD428-W4400-E504-511 1
39. SD428-W4400-E505 1
40. SD428-W4400-E505-E510 1
41. SD428-W4400-E505-511 1
42. SD428-W4400-E506 1
43. SD428-W4400-E506-E510 1
44. SD428-W4400-E506-E511 1

Changes to the drawings are bubbled.
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VOLUME IV - DRAWINGS

The following listed Drawings have been revised under this Addendum. These REVISED 
Drawings shall REPLACE the respective Drawings provided with the original bid documents.

REVISED DRAWINGS
Item 
No. Drawing Number Rev No.

STRUCTURAL
45. SD428-W4400-S011 1

FIRE PROTECTION
46. SD428-W4400-FP101 1

Changes to the drawings are bubbled.

BIDDERS MUST ACKNOWLEDGE RECEIPT OF THIS ADDENDUM ON THE BID 
FORM FOR CONSIDERATION OF THE BID BY THE DISTRICT.

_____________________________
GARIN D. WARREN

Manager of Wastewater Engineering

Type text here
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1 Executive Summary 
V&A Consulting Engineers, Inc. (V&A) was retained by Woodard & Curran to complete the condition 

assessment of the two cryogenic high purity oxygen (HPO) production plants located at the East Bay 

Municipal Utilities District (EBMUD) Main Wastewater Treatment Plant (MWWTP) in Oakland, California. 

The two cryogenic HPO production plants were built in 1973 and supply  80 to 85 tons/day of 95 

percent purity oxygen each. EBMUD intends to rehabilitate the existing facility to prolong its useful life 

by an additional 20 to 30 years. 

On April 20, 2021 and May 11, 2021, V&A completed the condition assessment of the north col d box, 

south cold box, and associated piping using numerous methods to characterize the condition of the 

metal and coatings. The results will be used by V&A to prepare the coating specification as a part of the 

HPO production plants rehabilitation design. 

Based on the results of the assessment, V&A offers the following recommendations for Woodard & 

Curran and EBMUD to consider:  

1.1 North Cold Box and Piping 

1. Due to the difficulty of trying to scan the entire lower exterior surface of the cold box to determine 

the remaining thickness, it is recommended that an interior assessment of the cold box be 

conducted to determine extent of corrosion. If this is not possible, install a weld repair plate above 

the box shown in Photo 4-11 on the northeast side of the tank.  

2.  Repair the leaks on the piping between the Make and Add valves, V350X pipe, and V330A pipe 

penetrations.  

3. Repair the leak on the flow control valve FV340N.  

4. Require all coatings work to be done in accordance with Title 29 CFR 1926.62 lead paint exposure 

protections of the OSHA standards and any state and local regulations.  

5. Remove all existing exterior coatings using UHPWJ or soft media blasting and lead abatement 

measures on the lower 8 feet of the cold box. The coating specification should require a protection 

plan for all of the piping and tubing that exists on the exterior of the piping . The protection plan may 

include temporary shrouds or PVC pipe wrapped around the pipes. Provide a complete recoating to 

the entire exterior surface using one coat of a zinc primer, one coat of epoxy, and one finish coat of 

a polysiloxane or aliphatic polyurethane (Option 1 per Table 4-4).  

 

1.2 South Cold Box and Piping 

1. Require all coatings work to be done in accordance with Title 29 CFR 1926.62 lead paint exposure 

protections of the OSHA standards and any state and local regulations.  

2. Remove all existing exterior coatings using UHPWJ or soft media blasting and lead abatement 

measures on the lower 8 feet of the cold box. The coating specification should require a protection 

plan for all of the piping and tubing that exists on the exterior of the piping. The protection plan may 

include temporary shrouds or PVC pipe wrapped around the pipes. Provide a complete recoating to 

the entire exterior surface using one coat of a zinc primer, one coat of epoxy, and one finish coat of 

a polysiloxane or aliphatic polyurethane (Option 1 per Table 4-4). 
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2 Introduction 
V&A Consulting Engineers, Inc. (V&A) was retained by Woodard & Curran to complete the condition 

assessment of the two cryogenic high purity oxygen (HPO) production plants located at the East Bay 

Municipal Utilities District (EBMUD) Main Wastewater Treatment Plant (MWWTP) in Oakland, California. 

The two cryogenic HPO production plants were built in 1973 and supply 80 to 85 tons/day of 95 

percent purity oxygen each. EBMUD intends to rehabilitate the existing facility to prolong its useful life 

by an additional 20 to 30 years. 

V&A performed a condition assessment of the north cold box, south cold box, and associated piping on 

April 20, 2021 and May 11, 2021. Assessment of the LOX storage tanks were not included under this 

project scope. The purpose of the assessment was to assess the integrity of the metal and existing 

coating systems on the HPO facilities. The results will be used by V&A to prepare the coating 

specification as a part of the HPO production plants rehabilitation design. Figure 1-1 shows a satellite 

view of the HPO facilities. 

 

Figure 2-1. Satellite View of HPO Facilities 
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3 Approach 

3.1 Protective Coating Assessment Methods 

 Dry Film Thickness (DFT)  

V&A conducted dry film thickness (DFT) testing on the exterior surfaces of the tanks. DFT is the 

thickness of a coating after it has cured. A DFT gauge uses electromagnetic induction or eddy current 

technology to measure the thickness of a wide variety of coatings on metal surfaces. V&A used a gauge 

that can measure coatings up to 0.2 inches (200 mils) in thickness . 

International Standard Organization (ISO) No. 12944 recommends a protective coating system 

thickness of 12 to 15 mils for very high corrosive industrial and marine service environments similar to 

the EBMUD WWTP. 

 

 Coating Condition 

Coating condition was evaluated using ASTM D610-01, Standard Test Method for Evaluating Degree of 

Rusting on Painted Steel Surfaces, which provides ratings for coating condition. Figure 3-1 shows 

pictorial examples of general corrosion ratings. Similar rating scales are available for pinpoint and spot 

corrosion. Table 3-1 summarizes the rating scale developed by ASTM D610-01, which V&A used for 

assessing coating condition on various structures and pipelines.  

 

  

Rust Grade 5-G, 3% Rusted Rust Grade 3-G, 16% Rusted Rust Grade 2-G, 33% Rusted 

Figure 3-1. Examples of General Rust Grade Ratings per ASTM D610 
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Table 3-1. Rating Guide for Coating Condition per ASTM D610 

Rating 

Scale Percent of Surface Exhibiting Corrosion  Spot General Pinpoint 

9 Greater than 0.01% and up to 0.03% 9-S 9-G 9-P 

8 Greater than 0.03% and up to 0.1%  8-S 8-G 8-P 

7 Greater than 0.1% and up to 0.3% 7-S 7-G 7-P 

6 Greater than 0.3% and up to 1% 6-S 6-G 6-P 

5 Greater than 1% and up to 3% 5-S 5-G 5-P 

4 Greater than 3% and up to 10% 4-S 4-G 4-P 

3 Greater than 10% and up to 16% 3-S 3-G 3-P 

2 Greater than 16% and up to 33% 2-S 2-G 2-P 

1 Greater than 33% and up to 50%  1-S 1-G 1-P 

0 Greater than 50% No rating given 

 

 Coating Sample Testing 

Coating samples collected at the evaluator’s discretion were tested at Enthalpy Analytical for heavy 

metals in accordance with Environmental Protection Agency (EPA) Method 6010B and 7471A. The Total 

Threshold Limit Concentration (TTLC) from California Code of Regulations (CCR) Title 22, §66261.24 

Table II is presented for each tested metal in parts per million (ppm) in  Table 3-2. The TTLC values are 

used as a preliminary screening test to plan for hazardous waste disposal procedures and to determine 

if lead abatement procedures will be required. If a paint sample exceeds the TTLC limit, any work that is 

performed on the coating, such as welding or abrasive blasting, will require hazardous material 

handling for personnel. 

If the California lead concentration limit of 600 ppm (0.06% by weight) is exceeded , it will require lead 

abatement procedures per CCR Title 8, §1532.1. The requirement for worker health and safety 

measures during the removal of a lead-based paint depends on the amount of airborne lead to which 

the workers will be exposed during a specified length of time as outlined in CCR Title 8 §1532.1. It 

states that “…the employer shall not expose an employee to lead at a concentration greater than 30 

micrograms per cubic meter of air (µg/m3) averaged over an 8-hour period.” V&A recommends including 

lead abatement in coating specifications whenever lead concentrations of existing coatings exceed 600 

ppm. 

The waste that is generated during the abrasive blasting of the surfaces to be coated must be tested 

per Toxicity Characteristic Leaching Procedure (TCLP) before the waste can be removed from the job 

site. If the TCLP results from the waste exceed the limits of CCR Titl e 22, §66261.24 Table I, then it 

must be classified as hazardous waste requiring an EPA manifest and permit before being disposed of 

at a hazardous waste disposal site. 
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Table 3-2. Tested Metals in Coating Sample 

Metal TTLC (ppm)  

Antimony 500 

Arsenic 500 

Barium 10,000 

Beryllium 75 

Cadmium 100 

Chromium 2,500 

Cobalt 8,000 

Copper 2,500 

Lead 1,000 

Mercury 20 

Molybdenum 3,500 

Nickel 2,000 

Selenium 100 

Silver 500 

Thallium 700 

Vanadium 2,400 

Zinc 5,000 

 

3.2 Metal Assessment Methods 

 Pit Depth 

Pitting corrosion, or pitting, is a form of extremely localized corrosion that creates small holes in metal. 

If pits were encountered, the pit depths were measured using a pit depth gauge. If the nominal 

thickness of the metal is known, the percent of metal wall thickness loss can be calculated. The gauge 

is held above the pit to be measured with the lower edge flush against the metal surface. The pointer is 

inserted into the pit and the depth is read off the calibrated scale on the right.  If the pit depth is greater 

than the wall thickness, then a through-hole has been identified. 

 Ultrasonic Testing (UT) Measurements 

Ultrasonic testing (UT) is a non-destructive evaluation technique used for the determination of metal 

wall thickness. High-frequency sound waves are transmitted through one side of a metal wall from a 

transducer. When the sound waves reach the other side of the metal wall, a fraction of the waves will 

echo back to the transducer. The metal thickness is determined by recording the time it take s for the 

sound wave to travel through the metal and return. 

A-scan point measurements were performed for the tanks and piping. For tank walls, measurements 

were recorded at about 1-foot intervals up and across the wall exterior surface (Figure 3-2). For pipes, 

measurements were made around the pipe circumference and were referenced to clock positions (e.g., 

12:00, 3:00, 6:00, or 9:00) viewed in the downstream direction (Figure 3-3).  
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Figure 3-2 Grid Testing Pattern on Tank Wall Figure 3-3 Clock Positions on Pipe Looking D/S 

 

3.2.2.1 Metal Loss Calculations 

When record drawings are not available, the number of UT readings taken, the consistency of the 

readings, and a review of the standards for the material that is tested allow V&A to assume a nominal 

wall thickness. The wall loss calculations are calculated by dividing the lowest metal thickness recorded 

and dividing it by the assumed nominal thickness. The maximum wall loss value does not indicate that 

metal loss is uniform throughout the whole structure tested. A more detailed survey would be required 

to make that determination and it is not part of the scope of this project.  Note that the actual nominal 

thickness may differ from the value V&A has assumed due to manufacturing tolerances, and, as a 

result, the actual wall loss calculations would also differ from the wall loss presented in this report.  

3.3 Visual Assessment  

Metal defects, such as metallic corrosion, pitting, were documented with digital photographs. Visual 

assessments are subjective in nature and are based on V&A’s experience evaluating metallic structures 

in water and harsh atmospheric environments.  
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 VANDA® Metal Condition Index 

V&A created the VANDA Metal Condition Index (Table 3-3) to provide consistent reporting of corrosion 

damage based on objective criteria. Metal condition is rated from Level 1 to Level 5 based upon field 

observations and measurements, with Level 1 indicating the best case and Level 5 indicating severe 

damage. The individual criteria are applied based on engineering judgment to arrive at the overall 

rating. 

Table 3-3. VANDA® Metal Condition Index 

Condition 

Rating Description 

Representative 

Photograph 

 Level 1 Little or no corrosion 

▪ Wall thickness loss, general ...... none 

▪ Wall thickness loss, pitting......... none to minimal 

▪ Extent (area) of corrosion ........... may be widespread but superficial 

 

 Level 2 Minor corrosion 

▪ Wall thickness loss, general ...... up to 20% 

▪ Wall thickness loss, pitting......... up to 20% 

▪ Extent (area) of corrosion ........... localized 

 

 Level 3 Moderate corrosion 

▪ Wall thickness loss, general ...... 20% to 40% 

▪ Wall thickness loss, pitting......... 20% to 60% 

▪ Extent (area) of corrosion ........... up to half of surface 

 

 Level 4 Severe corrosion 

▪ Wall thickness loss, general ...... 40% to 60% 

▪ Wall thickness loss, pitting......... 60% to 100% (pinholes) 

▪ Extent (area) of corrosion ........... most of surface 

 

 Level 5 Failure or imminent failure 

▪ Wall thickness loss, general ...... greater than 60% 

▪ Wall thickness loss, pitting......... 100% (holes) 

▪ Extent (area) of corrosion ........... most or all of surface 

 

© 2020 V&A Consulting Engineers, Inc. All rights reserved. 
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4 Findings 

4.1 North Cold Box and Piping 

The North Cold Box is a carbon steel tank with a nominal diameter of 12.5 feet and a nominal height of 

64 feet. V&A’s condition assessment of the North Cold Box and Piping consisted of a visual 

assessment, dry film thickness measurements, coating sample analysis, and ultrasonic thickness 

measurements. 

 Visual Assessment 

The upper seven shell courses and dome roof are in very good condition and are rated 9G in 

accordance with ASTM D610. The bottom shell course is rated 4G due to the l ight corrosion observed. 

Photo 4-1 and Photo 4-2 show the typical condition of the existing coating system on the tank wall and 

around the pipe penetrations. The coating is delaminated and cracked, which has exposed the steel to 

the marine atmosphere. Photo 4-3 and Photo 4-4 show the turbine box on the north side of the tank, 

which also has light corrosion. Photo 4-5 and Photo 4-6 show the leak at a pipe segment between the 

Make and Add Masoneilan valves, which has allowed ice to form on the exterior. The melting ice has 

contributed to some of the corrosion observed on the cold box shell. Photo 4-7 shows the corrosion on a 

manifold on the south side of the cold box. UT measurements indicated negligible corrosion. Photo 4-8 

shows minor corrosion on the flanges, but otherwise fair condition of the switch valve. Photo 4-9 and 

Photo 4-10 show the coating failures on the Thaw Heater on the west side of the cold box. A small 

formation of ice was observed on the northeast side of the tank above a box that was welded on the 

shell of the tower. The formation of ice shown in Photo 4-11 indicates that there is likely a perforation in 

the shell of the tank. Photo 4-12 shows poor adhesion of the coating near the bottom of the x-cut test 

per ASTM D6677. Photo 4-13 shows ice forming around a leaking valve on the upper surfaces of the 

cold box. Photo 4-14 shows the cracked coating on the elbow on the second platform from the top of 

the tank.  

 

Photo 4-1. Lower north side of the tank shell exhibits 

coating delamination and light corrosion.  

 

Photo 4-2.Typical coating delamination on the pipe 

penetrations and ice forming at the threads.  
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Photo 4-3. Light corrosion on the turbine duct on the 

northwest side of the cold box.  

 

Photo 4-4. Side view of turbine duct box exhibits light 

corrosion. Underside is in VANDA Level 3 condition.  

 

Photo 4-5. Ice forming on piping and tank wall is in 

VANDA Level 2 condition. 

 

Photo 4-6. Melting ice has contributed to the light 

corrosion observed on the tank lower surfaces.  

 

Photo 4-7. VANDA Level 2 corrosion on a manifold on the 

south side of the tank.  

 

Photo 4-8. No significant corrosion was visible on the 

non-insulated areas of the switch valve .  
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Photo 4-9. Typical VANDA Level 2 condition on the piping 

due to coating failures.  

 

Photo 4-10. Typical VANDA Level 2 condition on the 

edges of the flanges, nuts, and bolts.  

 

Photo 4-11. Ice forming on a pinhole leak and coating 

delamination surrounding it.  

 

Photo 4-12. Coating adhesion test indicates a rating of 6 

out of 10 per ASTM D6677.  

 

Photo 4-13. Ice forming on the valve at the second 

platform down from the top of the tank.  

 

Photo 4-14. Cracked coating on an elbow at the second 

platform.  
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 Dry Film Thickness (DFT) 

A total of 29 coating thickness (or DFT) measurements were taken on the coating of the tank. The 

minimum, average, and maximum DFT measurements from each location are summarized in  Table 4-1. 

International Standard Organization (ISO) No. 12944 recommends a protective coating syst em 

thickness of 12 to 15 mils for very high corrosive industrial and marine service environments similar to 

the EBMUD WWTP.  

The average DFT of the exterior coating of Shell Course 7 meets the recommended DFT of ISO 12944. 

Shell Course 8 does not meet the recommended DFT.  

Table 4-1. Summary of DFT Measurements for North Cold Box and Piping 

Location 

Minimum 

(mils) 

Maximum 

(mils) 

Average 

(mils) 

Shell Course 7 10.1 24.0 15.3 

Shell Course 8 5.9 16.5 10.8 

 

 Coating Sample Testing 

Two coating samples were collected from the exterior of the North Cold Box. One sample was collected 

from a pipe penetration and one from a steel anchor near the bottom of the tank. The sample contained 

the red primer and the white topcoat. The samples were analyzed for seventeen heavy metals by 

Enthalpy Analytical, using EPA Method 6010B and 7471A. The results of the coating sample testing are 

summarized in Table 4-2 and Table 4-3. 

The results from the laboratory analysis indicate elevated levels of lead in both samples. The reported 

level of lead in the exterior coating requires the use of extensive lead containment encapsulation 

structures and personal exposure monitoring if the coating is removed by abrasive blasting. All work 

should be in accordance with CCR Title 8, §1532.1and any state and local regulations.  

Pressure washing and power tool cleaning the existing coating will require capturing and testing the run -

off water and will require the use of HEPA filters on power tools. These methods can provide effective 

environmental and worker protection at a reduced cost.  
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Table 4-2. Summary of Coating Sample Testing – North Cold Box Exterior Coating 

Tested Metal Sample Result (ppm) Over TTLC? 

Antimony ND No 

Arsenic 2.9 No 

Barium 4,700 No 

Beryllium ND No 

Cadmium 3.3 No 

Chromium 220 No 

Cobalt 120 No 

Copper 190 No 

Lead 3,000 Yes 

Mercury ND No 

Molybdenum 110 No 

Nickel 50 No 

Selenium ND No 

Silver ND No 

Thallium ND No 

Vanadium ND No 

Zinc 830 No 

 

Table 4-3. Summary of Coating Sample Testing – North Cold Box Exterior Base Coating 

Tested Metal Sample Result (ppm) Over TTLC? 

Antimony ND No 

Arsenic 3.9 No 

Barium 4,300 No 

Beryllium ND No 

Cadmium 46 No 

Chromium 370 No 

Cobalt 110 No 

Copper 240 No 

Lead 3,100 Yes 

Mercury ND No 

Molybdenum 41 No 

Nickel 400 No 

Selenium ND No 

Silver ND No 

Thallium ND No 

Vanadium 3.2 No 

Zinc 1,900 No 
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 Ultrasonic Testing (UT) Measurements 

UT measurements were recorded at each shell course and on accessible piping around the cold box. 

The thickness readings recorded, and associated conclusions only apply to where the measurements 

were taken. The minimum, average, and maximum UT measurements from each location is summarized 

in Table 4-4. Pitting was not observed on the cold box and piping; therefore, a pit gauge was not used.  

The schedule number could not be determined in the field or from available drawings; therefore, an 

assumed thickness was used to determine the appropriate maximum wall loss. The wall loss analysis 

does not account for differences in nominal thicknesses due to manufacturing tolerances.  

The maximum metal loss on the cold box was 9%, which was measured at shell 8. The maximum metal 

loss on the piping was 43%, which was measured at the box weld plates shown in Photo 4-11. 

Table 4-4. Summary of UT Measurements for the North Cold Box and Piping 

Location 

Minimum 

(inch) 

Average 

(inch) 

Maximum 

(inch) 

Nominal 

(inch) 

Maximum 

Metal 

Loss (%) 

Cold Box Shell 1 0.243 0.243 0.243 0.250 3 

Cold Box Shell 2 0.252 0.252 0.253 0.250 0 

Cold Box Shell 3 0.249 0.250 0.250 0.250 0 

Cold Box Shell 4 0.239 0.240 0.242 0.250 4 

Cold Box Shell 5 0.302 0.303 0.304 0.313 3 

Cold Box Shell 6 0.382 0.382 0.383 0.375 0 

Cold Box Shell 7 0.504 0.504 0.504 0.500 0 

Cold Box Shell 8 (South) 0.523 0.527 0.539 0.563 7 

Cold Box Shell 8 (Northeast) 0.512 0.517 0.529 0.563 9 

Cold Box Shell 8 (Southwest) 0.515 0.517 0.519 0.563 8 

3” Pipe to Thaw Heater 0.212 0.223 0.231 0.216 2 

8” Top Pipe to Thaw Heater 0.264 0.276 0.283 0.322 18 

8” Bottom Pipe to Thaw Heater 0.283 0.289 0.296 0.322 12 

Turbine Duct, Northwest  0.249 0.255 0.265 0.250 0 

Turbine Duct, Northeast 0.240 0.243 0.245 0.250 4 

Turbine Duct, Underside Plate 0.497 0.509 0.520 0.500 0 

Turbine Duct, Side Plate 0.245 0.245 0.245 0.250 2 

Northeast Lower Nozzle (Photo 4-6) 0.492 0.510 0.542 0.500 2 

East Box Weld Plates 0.502 0.665 0.827 0.875 43 

East Box Vertical Plates 0.826 0.913 0.999 1.000 17 

2” V350X / V350A Piping 0.498 0.509 0.519 0.500 0 

6” S330A Pipe 0.274 0.282 0.290 0.280 2 

6” S600X Pipe 0.272 0.279 0.289 0.280 3 

12” S330 Reducer 0.365 0.372 0.379 0.375 3 

12” S330 Pipe 0.253 0.259 0.276 0.250 0 

12” S330 Cap 0.391 0.403 0.409 0.406 4 
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4.2 South Cold Box and Piping  

The upper seven shell courses and dome roof are in very good condition and are rated 9G in 

accordance with ASTM D610. The bottom shell course is rated 4G due to the light corrosion observed.  

The South Cold Box is a carbon steel tank with a nominal diameter of 12.5 feet and a nominal height of 

64 feet. V&A’s condition assessment of the South Cold Box and Piping consisted of a visual 

assessment, dry film thickness measurements, coating sample analysis, and ultrasonic thickness 

measurements. The cold box was not in service during V&A’s site visit and, therefore, may not be 

representative of normal operating conditions.  

 Visual Assessment 

Photo 4-15 and Photo 4-16 show the underside of the turbine duct box on the north side of the cold box. Metal 

thickness measurements on these surfaces indicated up to 46% metal loss which assumes a 0.522 inch 

nominal thickness. Photo 4-17 and Photo 4-19 show the coating failures on the Thaw Heater piping on the 

west side of the cold box. Photo 4-20 shows the good condition of the tank shell and minor corrosion on the 

valve cover.  

 

Photo 4-15. VANDA Level 2 condition on the underside 

of the Turbine Duct.  

 

Photo 4-16. Detail view of VANDA Level 2 condition 

on the underside of the Turbine Duct. 

 

Photo 4-17. VANDA Level 2 condition on the lower 

piping leading to the Thaw Heater.  

 

Photo 4-18. Detail view of the lower piping leading to 

the Thaw Heater.  
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Photo 4-19. Coating failures on the surfaces of the 

upper pipe.  

 

Photo 4-20. The tank shell is in good condition. 

Minor corrosion observed on the valve cover.  

 

 Dry Film Thickness (DFT) 

A total of 34 coating thickness, or DFT, measurements were taken on the coating of the tank. The 

minimum, average, and maximum DFT measurements from each location are summarized in Table 4-5. 

International Standard Organization (ISO) No. 12944 recommends a protective coating system 

thickness of 12 to 15 mils for very high corrosive industrial and marine service environments similar to 

the EBMUD WWTP.  

The average DFT of the exterior coating at the two lower shell courses meets the DFT requirements of 

ISO 12944. 

Table 4-5. Summary of DFT Measurements for South Cold Box and Piping 

Location 

Minimum 

(mils) 

Maximum 

(mils) 

Average 

(mils) 

South Cold Box Shell 7 10.5 15.9 12.7 

South Cold Box Shell 8 8.8 21.9 13.9 

 

 Coating Sample Testing 

A coating sample was collected from the piping on the lower exterior of the South Cold Box. The sample 

contained the red primer and the white topcoat. The sample was analyzed for seventeen heavy metals 

by Enthalpy Analytical, using EPA Method 6010B and 7471A. The results of the coating sample testing 

are summarized in Table 4-6. 

The results from the laboratory analysis indicate elevated levels of lead. The reported level of lead in 

the exterior coating requires the use of extensive lead containment encapsulation structures and 

personal exposure monitoring if the coating is removed by abrasive blasting. All work should be in 

accordance with CCR Title 8, §1532.1and any state and local regulations.  

Pressure washing and power tool cleaning the existing coating will require capturing and testing the run -

off water, and will require the use of HEPA filters on power tools. These methods can provide effective 

environmental and worker protection at a reduced cost. 
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Table 4-6. Summary of Coating Sample Testing – South Cold Box Exterior Coating 

Tested Metal Sample Result (ppm) Over TTLC? 

Antimony ND No 

Arsenic 6.8 No 

Barium 3,800 No 

Beryllium ND No 

Cadmium 8.4 No 

Chromium 230 No 

Cobalt 97 No 

Copper 120 No 

Lead 1,900 Yes 

Mercury ND No 

Molybdenum 25 No 

Nickel 67 No 

Selenium ND No 

Silver ND No 

Thallium ND No 

Vanadium ND No 

Zinc 2,400 No 

 

 Ultrasonic Testing (UT) Measurements 

UT measurements were recorded at each shell course, on the roof, and on accessible piping around the 

cold box. The thickness readings recorded, and associated conclusions only apply to where the 

measurements were taken. The minimum, average, and maximum UT measurements from each location 

are summarized in Table 4-7. 

The schedule number could not be determined in the field or from available drawings; therefor e, an 

assumed thickness was used to determine the appropriate maximum wall loss. The wall loss analysis 

does not account for differences in nominal thicknesses due to manufacturing tolerances.  

The maximum metal loss on the cold box was 11%, which was measured at shell 8. The maximum metal 

loss on the piping was 26%, which was measured at the 2” V330A Pipe. 

Pitting was not observed on the cold box and piping; therefore, a pit gauge was not used.  
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Table 4-7. Summary of UT Measurements for the South Cold Box and Piping 

Location 

Minimum 

(inch) 

Average 

(inch) 

Maximum 

(inch) 

Nominal 

(inch) 

Maximum 

Metal 

Loss (%) 

Cold Box Roof 0.308 0.312 0.316 0.313 1 

Cold Box Shell 1, top 0.249 0.251 0.252 0.250 0 

Cold Box Shell 2 0.245 0.246 0.247 0.250 2 

Cold Box Shell 3 0.237 0.238 0.239 0.250 5 

Cold Box Shell 4 0.255 0.256 0.256 0.250 0 

Cold Box Shell 5 0.302 0.303 0.304 0.313 3 

Cold Box Shell 6 0.359 0.360 0.361 0.375 4 

Cold Box Shell 7 0.503 0.504 0.504 0.500 0 

Cold Box Shell 8, bottom 0.498 0.504 0.521 0.563 11 

8” Top Pipe to Vertical Tank 0.272 0.282 0.300 0.322 16 

8” Bottom Pipe to Vertical Tank 0.270 0.283 0.292 0.322 16 

Northwest Side Box 0.232 0.232 0.232 0.250 7 

Northwest Side Box Bottom 0.219 0.251 0.268 0.250 12 

Northeast Side Box 0.239 0.241 0.242 0.250 4 

Northeast Side Box Bottom 0.241 0.414 0.522 0.522 46 

8” Northeast Pipe Bottom of Tank 0.829 0.829 0.829 0.875 5 

2” V330A Pipe 0.410 0.469 0.527 0.552 26 

X600X-1 Reducer 0.351 0.368 0.387 0.375 6 

12” X600X-1 Pipe 0.242 0.247 0.250 0.250 3 

12” X600X-1 Elbow 0.364 0.375 0.386 0.375 3 

12” X600X-1 Cap 0.403 0.415 0.424 0.406 1 

6” X600X-1 Pipe 0.269 0.278 0.286 0.280 4 

6” X600X-2 Pipe 0.250 0.272 0.294 0.280 11 

 

4.3 Recoating Options 

In 2020, the top seven shell courses of both cold boxes were prepared with high pressure water 

blasting and coated with an epoxy and aliphatic polyurethane system. It is unknown why the lower shell 

course of the cold boxes was not coated however it  may be due to the amount of obstructions (piping) 

attached to the tank that made it difficult to prepare properly.  

 Surface Preparation 

Abrasive blasting with hard media is not feasible if the existing pipe penetrations remain in place due to 

the damage that it can cause. The area impacted by abrasive blasting material can be as wide as 12 

inches and will perforate small tubes or other thin-wall materials. Ultra-high pressure water jetting 

(UHPWJ) or soft media blasting is capable of removing all of the existing lead-based paint without 

causing severe damage to the existing piping, instrumentation, and pipe penetrations. This method of 

surface preparation is recommended if most of the existing piping and instrumentation r emains in 

place on the cold box. However, UHPWJ does not create the surface profile on the steel that is required 
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by coating manufacturers. The coating contractor would have to rely on the existing surface profile to 

provide a sufficient anchor profile before applying a new primer.  

There are two coating options that will be considered for the lower exterior 8 feet of the tank shell: (1) 

Remove all existing coatings by use of ultra-high pressure water jetting (UHPWJ) or soft media blasting 

and reapply the new coating system, and (2) Perform spot repairs by lightly abrading the surface using 

vacuum-shrouded power tools to remove the lead-based paint and overcoat with a new finish coat.  

Hand tool cleaning (SSPC SP 2), power tool cleaning (SSPC SP 3) and power  tool cleaning to bare metal 

(SSPC SP 11) are all possible surface preparation options also. Photo 4-21 shows an example of a 

power tool being used to abrade a tank sur face. However, the production rate will be less than UHPWJ 

(Photo 4-22) and will not remove the existing coating in areas that inaccessible by the hand and power 

tools.  

 

Photo 4-21. Power tool cleaning only removes 

loose coating.(Photo courtesy of Line 10 Tools).  

 

Photo 4-22. Ultra high pressure water jetting on 

a concrete structure.  

 

 Coating Application  

The coating application on the lower 8 feet of the cold boxes will be straight forward with a containment 

system. Small areas around pipe penetrations and flanges will have to be coated with small brushes 

and rollers similar to Photo 4-23. The removal of the existing lead-based paint will require full 

containment as shown in Photo 4-24. The containment system would help contain paint chips and 

would help control the ambient environment when the new coating is applied. It  allows more flexibility to 

the contractor. The full containment will also help alleviate concerns of dust and coating overspray on 

surrounding equipment.  

 

Photo 4-23. Application with rollers and brushes. 

 

Photo 4-24. Full containment is required for 

abrasive blasting.  
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As specified in EBMUD project SD-411 Coating System 2, a three-coat system consisting of one coat of 

a zinc primer, one coat of a two-component epoxy, and a finish coat of a two-component aliphatic 

polyurethane was required on atmospherically exposed metals. This coating system is best for steel 

surfaces that can be prepared to SSPC SP 6 commercial blast standards due to the requirements of the 

zinc primer. The zinc primer may not adhere well if the existing steel surface cannot be prepared 

sufficiently. If the existing instrumentation, piping, and pipe penetrations will be replaced, Coating 

System 2 would provide the best service life.  

EBMUD project SD-411 Coating System 13 consisting of spot repairs on bare steel with one coat of 

epoxy, one full coat of an intermediate coat, and one finish coat of aliphatic polyurethane was also 

included. This system is best used when overcoating an existing coating system.  

Table 4-8 compares the two options for the exterior recoating of the cold boxes assuming a surface area 

of 400 sq. ft. Overcoating lead-based paints presents potential cost savings over the complete removal 

and recoat method; however, there will be a reduced service life.  

Based on the existing condition of the exterior coating, an overcoat is not recommended. V&A 

recommends Option 1: complete removal and recoating.  

Table 4-8. Comparison of Recoating vs. Overcoating the Tank Exterior 

 

Option 1: Complete Removal and 

Recoating 

Option 2: Spot Repair and 

Overcoat of Entire Tank 

Repair Description Remove all existing exterior 

coatings using UHPWJ or soft 

media blasting and lead 

abatement measures. Provide a 

complete recoating to the entire 

exterior surface.  

Conduct spot repairs to the 

damaged areas along the tank’s 

surface using hand and power 

tools. Apply a new overcoat over 

the entire existing coating.  

Coating Type and 

Description 

Provide a complete recoating using 

one coat of a zinc primer, one coat 

of epoxy, and one finish coat of a 

polysiloxane or aliphatic 

polyurethane to all exterior 

surfaces. 

This spot repair and overcoat 

option would consist of a surface 

tolerant primer, epoxy 

intermediate, and finish coat of a 

polysiloxane or aliphatic 

polyurethane coating. 

Expected Design Life 25-30 Years 10-20 Years 

Lead Based Paint (LBP) 

Abatement 

Need LBP abatement for entire 

tank. Encapsulation of the tank is 

required for the LBP containment. 

LBP abatement of exposed red 

primer areas using vacuum 

shrouded tools.  

Surface Preparation and 

Coating Application 

$50,000 per tank $40,000 per tank 
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5 Conclusions  
Based on the results of the visual assessment and field testing, V&A offers the following conclusions:  

5.1 North Cold Box and Piping 

1. The exterior coating of Shell Course 1 through 7 of the cold box is in overall good condition. Shell 

Course 8 exhibits several coating failures and one corrosion pit that has penetrated through the 

tank wall. 

2. The piping between the Make and Add valves is leaking. A leak was also observed on the V350X 

and V330A pipe penetrations. A leak was also observed on the flow control valve FV340N.  

3. The exterior average coating thickness on Shell 7 meets the minimum requirements of ISO 12944. 

The exterior average coating thickness on Shell 8 does not meet the minimum requirements of ISO 

12944. 

4. The results from the coating sample laboratory analysis indicate elevated levels of lead, which will 

require that the Contractor implements lead abatement procedures and worker pr otection 

measures. 

5. Based on the lowest measurement recorded on the cold box, the maximum metal thickness loss 

was 9%, which is considered minor. 

6. Based on the lowest measurement recorded on the steel box on the east side of the cold box, the 

maximum metal thickness loss was 43%, which is considered severe. A perforation in the shell wall 

is likely present on the northeast side as shown in Photo 4-11. 

7. UHPWJ or soft media blasting are the best methods to remove the existing coating on the lower 8 

feet of the tank. The best time to recoat the lower section of the cold box will be during the controls 

upgrade after the pneumatic transmitters and some of their associated tubing has been removed 

from the boxes. 

 

5.2 South Cold Box and Piping 

1. The exterior coating of the cold box is in overall good condition with isolated areas of minor 

corrosion and no major defects. 

2. The exterior average coating thickness of Shell 7 and 8 meet the minimum requirements of ISO 

12944.  

3. The results from the coating sample laboratory analysis indicate elevated levels of lead, which will 

require that the Contractor implements lead abatement procedures and worker protection 

measures. 

4. Based on the lowest measurement recorded on the cold box, the maximum metal thickness loss 

was 11%, which is considered minor. 

5. Based on the lowest measurement recorded on the piping, the maximum metal thickness lo ss was 

26%, which is considered moderate. 

6. UHPWJ or soft media blasting are the best methods to remove the existing coating on the lower 8 

feet of the tank. The best time to recoat the lower section of the cold box will be during the controls 

upgrade after the pneumatic transmitters and some of their associated tubing has been removed 

from the boxes. 
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6 Recommendations 
Based on the conclusions, V&A offers the following recommendations for Woodard & Curran and 

EBMUD to consider: 

6.1 North Cold Box and Piping 

1. Due to the difficulty of trying to scan the entire lower exterior surface of the cold box to determine 

the remaining thickness, it is recommended that an interior assessment of the cold box be 

conducted to determine extent of corrosion. If this is not possible, install a weld repair plate above 

the box shown in Photo 4 11 on the northeast side of the tank.  

2. Repair the leaks on the piping between the Make and Add valves, V350X pipe, and V330A pipe 

penetrations.  

3. Repair the leak on the flow control valve FV340N. 

4. Require all coatings work to be done in accordance with Title 29 CFR 1926.62 lead paint exposure 

protections of the OSHA standards and any state and local regulations. 

5. Remove all existing exterior coatings using UHPWJ or soft media blasting and lead abatement 

measures. The coating specification should require a protection plan for all of the piping and tubing 

that exists on the exterior of the piping. The protection plan may include temporary shrouds or PVC 

pipe wrapped around the pipes. Provide a complete recoating to the entire exterior surface using 

one coat of a zinc primer, one coat of epoxy, and one finish coat of a polysiloxane or aliphatic 

polyurethane (Option 1 per Table 4-4). 

 

6.2 South Cold Box and Piping 

1. Require all coatings work to be done in accordance with Title 29 CFR 1926.62 lead paint exposure 

protections of the OSHA standards and any state and local regulations. 

2. Remove all existing exterior coatings using UHPWJ or soft media blasting and lead abatement 

measures. The coating specification should require a protection plan for all of the piping and tubing 

that exists on the exterior of the piping. The protection plan may include temporary shrouds or PVC 

pipe wrapped around the pipes. Provide a complete recoating to the entire exterior surface using 

one coat of a zinc primer, one coat of epoxy, and one finish coat of a polysiloxane or aliphatic 

polyurethane (Option 1 per Table 4-4). 
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��á������â?@lS::N

���¦���������������â�@llskMlsz

�¢�����
�����â�@@

I@DS6@ã<LD@k�B>@�I88@ä@�68@O<N=@vI88@O<DCPL=|@>fS
I@DS6@ABDCPRPgb@z�z@ä@G65@O<N=@vI��@O<DCPL=|@>fS
I@DS6@r<MlPN<>=@RPNbcC:SEBL:@F58@ä@�68@O<N=@vI88@O<DCPL=|@>fS

åcLN:==@PSE:CK<=:@LPS:>@m:NPK


�������� 
���������� �������

�á�������
����������

plxA@o�8z8H@klIG@
KE::NH@I888@DbDN:=H@
I@ud@NPB>

IIJ@Od@NP==

�������� plxA@o�5�I FF57@R=<

����������
����������

plxA@o5�J�H@I5@
DbDN:=

9BS<Ld@I8@R:C@plxA@
oGI�@fPC@mN<=S:C<Ld�@
9BS<Ld@I8@R:C@plxA@
ozI8@fPC@Cc=S<Ld

��������������
���������� plxA@oFGJ� �8@<L6@Nm=6

��¢������
���������� plxA@oF��5 F88}q@vJ7}k|

�����á����¢ plxA@o5FFH@I�8}@
m:L>H@IQ�Û@OBL>C:N sB==:=

���������
�������������
����������

plxA@o�5�5H@I88}q@
v7�}k|H@I888@EPcC=

ÕP@Cc=S<LdH@
mN<=S:C<LdH@PC@
>:NBO<LBS<PL

��������������� plxA@o77z7 q

���������
����������â

plxA@yIIGH@
5H888@EPcC=

9BS<Ld@I8@R:C@plxA@
oGI�@fPC@mN<=S:C<Ld�@
9BS<Ld@J@R:C@plxA@
ozI8@fPC@Cc=S<Ld

������������¥�����������¦�������������� ���æ���¤�����¦���
É��������������������� �����ç����������¢���¥����������������� 

 

This unlocked pdf addendum is provided for the convenience of 
bidders. The District does not vouch for the accuracy or correctness 

of this addendum or any of their contents. This unlocked pdf 
addendum is not considered part of the Contract 

Documents. Bidders assume all risks associated with the use of this 
unlocked pdf addendum. 

 



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

������� ���������������� �� ��
� ������� ���������������� ��!���� ��
� �����
� ���"��� ����#�$��

%&'()*(+,)-
.

/0&+1)
2'0(+134

56789:;<=:>?@ABCDE@FGH@F8IJ

KKK6=E:CK<LMK<NN<BO=6DPOQRCPS:DS<;:

TUVWXYZ[\VZ]XVX̂_̀a
bcCdBD:@Oc=S@e:@DN:BLH@>CfH@BL>@<L@=PcL>@DPL><S<PL6@9:OP;:@BNN@P<NH@
>c=SH@gC:B=:H@><CSH@NPP=:@Cc=SH@BL>@PSE:C@dPC:<gL@OBS:C<BN@SP@:L=cC:@
B>:hcBS:@B>E:=<PL6

9:d:C@SP@RCP>cDS@iRRN<DBS<PL@jcNN:S<L@dPC@>:SB<N:>@=cCdBD:@RC:RBCBM
S<PL@<LdPCOBS<PL6

A<L<OcO@C:DPOO:L>:>@=cCdBD:@RC:RBCBS<PL?
k@lCPL@m@bS::N?@ bbnoMbnpQqior@7H@
@@ F@O<N@s58@O<DCPLt@RCPu@N:
k@iNcO<LcO?@ bbnoMbnI
k@vBN;BL<w<Lg?@ bbnoMbnI
k@oPLDC:S:@m@AB=PLCf?@ bbnoMbnI7Qqior@p

k@nC<O:C@9:hc<C:>
�xyz{|}��y}~{y{�������{��{y��

�����������z�
�xyz{|}

����������
��������� ���� ����

�E<S:@A:SBN bB@7 bn@5 I
q:BC@�E<S:@A:SBN bB@F65 bn@I8 F
oPOO:CD<BN@jNB=S bB@F bn@p 7
jCc=EM��@@jNB=S bB@I bn@G �

�BL>@�PPN@oN:BL<Lg 9c=S:> o@bS@F bn@F M
n<SS:>@m@9c=S:> �@bS@F bn@F M

nPK:C@�PPN@oN:BL<Lg9c=S:> o@bS@7 bn@7 M
n<SS:>@m@9c=S:> �@bS@7 bn@7 M

�_â_a�
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nBD�Bg<Lg?
@nBCS@b?@ I@gBNNPL@s76G�£t@BL>@�@gBNNPL@sI56IF£t@@
@@ �<S=
@nBCS@�?@ hcBCS=@BL>@gBNNPL=

�:<gES?@ I86G@¤@86F@NeQgBN@¥@I67@¦gQ£
@@ O<�:>H@OBf@;BCf@K<SE@DPNPC
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WXXYZ[\]Ẑ_̀ab̂ [cdebcf

ghCiBD:@RC:RBCBS<PL@Oh=S@j:@DPORN:S:>@B=@<L><DBS:>6

klmlno��npqrstqlunpv@A<w@DPLS:LS=@Pi@:BDE@DPORPL:LS@SEPCPhxENy@
K<SE@RPK:C@Bx<SBS<PL6@@ABz:@D:CSB<L@LP@R<xO:LS@C:OB<L=@PL@SE:@
jPSSPO@Pi@SE:@DBL6@@{E:L@DPOj<L:@|@RBCS=@jy@;PNhO:@Pi@}BCS@g@K<SE@
I@RBCS@jy@;PNhO:@Pi@}BCS@{6@{EPCPhxENy@Bx<SBS:@SE:@O<wShC:@K<SE@
RPK:C@Bx<SBS<PL6@

~i@C:>hD:C@=PN;:LS@<=@h=:>H@B>>@PLNy@BiS:C@jPSE@DPORPL:LS=@EB;:@
j::L@SEPCPhxENy@O<w:>6

�RRNy@RB<LS@BS@SE:@C:DPOO:L>:>@�@NO@SE<DzL:==@BL>@=RC:B><Lx@
CBS:@B=@<L><DBS:>@j:NPK?

��tu���n������r���lno���q����r�tu�qv

klnl�s� k�ml�s�

��q��l�p@�O<DCPL=� ����IIF65� ����F88�
�r���l�p@�O<DCPL=� ����G5� ����IF5�
��u��r�o��p���q�o��@�OFQ�� ����56F� �����65�

����������� �¡���¡¢¢�£¤¤¢¥¦£§¥¡̈�©£ª��«¬�¥�«�©�¢§¥¤¢«�¦¡£§��§¡�
£¦ ¥«­«�©£®¥©�©�̄�¢©�§ ¥¦°̈«���£̈±��̈¥²¡�©¥§ª�¡²�£¤¤«£�£̈¦«³

�r�lno��t́��s���µ������l�p�¶··�����ltrunp̧�¹�qv
µ�

��º»����º�
µ�

��º»���º�
µ�

·��º»���º�
µ�

·��º»��¼º�
½¾¿À̀Á


u�qust́v |@EPhC= F@EPhC= I@EPhC 65@EPhC=

u�́�n���vIÂ@EPhC= �@EPhC= |@EPhC= F@EPhC=

u�r�tu�qv
�lnl�s�vF|@EPhC= I�@EPhC= I|@EPhC= I8@EPhC=
��ml�s�vI|@>By= I|@>By= I|@>By= I|@>By=

u�tsr�v I|@>By= I8@>By= �@>By= G@>By=
Ã²�©£®¥©�©��«¦¡£§�§¥©«�¥��«®¦««±«±Ä�£Å�£±«����²£¦«�Å«²¡�«��«¦¡£§¥̈Æ³

Ç�ª¥̈Æ�§¥©«�¥��§«©¤«�£§��«Ä� �©¥±¥§ªÄ�£̈±�̄�¢©�§ ¥¦°̈«���±«¤«̈±«̈§³

�uq��l��v �@EPhC= |@EPhC= F@EPhC=
�¹��q�ln�

l��v ÈPL:@C:Éh<C:>

�RRN<DBS<PL@Pi@DPBS<Lx@BjP;:@OBw<OhO@PC@j:NPK@O<L<OhO@
C:DPOO:L>:>@=RC:B><Lx@CBS:@OBy@B>;:C=:Ny@BÊ@:DS@DPBS<Lx@
R:CiPCOBLD:6

ËYc\_̀ÌX̀Í_f]be[]Ẑ_f
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bidders. The District does not vouch for the accuracy or correctness 

of this addendum or any of their contents. This unlocked pdf 
addendum is not considered part of the Contract 

Documents. Bidders assume all risks associated with the use of this 
unlocked pdf addendum. 
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SECTION 22 05 00 

 

AIR COMPRESSOR MOTOR REPLACEMENT 

 

PART 1 – GENERAL 

1.1 SUMMARY 

A. BACKGROUND: The District’s Wastewater Oxygen Production Facility includes 

four (4) Main Air Compressors (MAC) originally manufactured by Joy 

Manufacturing in the 1970’s. The compressor manufacturer is now owned by 

Ingersoll Rand. Three of the four MAC’s have recently been modified to increase 

their capacity from 5850 ICFM (Inlet Cubic Feet per Minute) to 7020 ICFM, and 

one MAC will be modified over the duration of the Contract by others. This 

increase led to operation of the existing MAC 1250 HP motors well into their 

service factor. The existing 1250 HP motors will be replaced with new 1500 HP 

motors for improved reliability as well as increased compressor capacity. 

B. The Contractor shall replace the existing 1250 HP motors with 1500 HP motors for 

all four MACs. The work includes field verification, testing, and start-

up/commissioning. 

C. The 1500 HP motors are purchased by and are furnished by the District. The 

Installation Contractor is to install these motors per the manufacturer’s 

recommendations and per the requirements of the Drawings and Specifications.   

D. NOT USED. 

E. The Installation Contractor is required to install the new motors in the existing 

location. The location of the new motors will require coordination with the District 

to avoid disruption to plant operations. Use of the District’s existing overhead hoist 

and cranes should be verified before replacement of the motors. 

 

1. The source for the overhead crane is MCC P16.  

F. The existing reduced voltage autotransformer type motor starters shall be used with 

the new motors. The tap settings shall be adjusted as required by the Contractor to 

allow the appropriate inrush current for starting purposes. 

G. New separately mounted termination boxes as shown on the Drawings shall be 

provided. The termination boxes shall house the new arrestors, surge capacitors and 

neutral CTs. The location of the new termination box shall be aligned with the 

existing conduits and motor cable entry. 

H. The Installation Contractor shall furnish the necessary labor, materials, instruments, 

transportation, and devices required to store, handle, test, adjust and balance the air 

compressor systems. Each system as specified and detailed, shall perform in 
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accordance with the intent of the Drawings and this Section. Systems to be tested, 

adjusted, and balanced include the existing air compressor.  

I. Testing, balancing and operation of the air compressor systems shall be performed 

by qualified and experienced personnel, having formerly done similar Work and 

whose qualifications and performance shall be subject to the approval of the 

Engineer. Test and balance system and submit testing and vibration  reports to the 

Engineer for review and provide labor, tools, equipment, and materials necessary 

to furnish and install electrical work as specified and in accordance with the 

Drawings and applicable reference standards listed in Article 1.3. 

 

J. The Installation Contractor shall coordinate with the District testing of the furnished 

motors.  The motor manufacturer will be required to test the motors per API 541 

standards.  The Installation Contractor shall be available and provide the necessary 

labor and materials for these tests done by the motor manufacturer.  

 

K. The Installation Contractor is required to attend a preconstruction meeting for the 

MAC work. 

 

1.2 SUBMITTALS  

A. Submit welders’ certificates specified in Quality Assurance below. 

 

B. Submit MAC motor surge protector product literature and O&M manual. Provide 

product literature for surge arrestors. 

 

C. Submit sample “blank” alignment report for review by the Engineer prior to motor 

installation. Alignment report shall include pre-startup inspection procedures, 

testing procedures, shim specifications, half shaft coupling data sheets and 

alignment check procedure, and other details of the motor installation.  

 

D. Submit completed alignment report after all the shimming and motor adjustments 

have been completed. Alignment reports shall be submitted prior to startup of 

motors.  

 

E. Submit motor vibration test results. 

 

F. Submit method of handling motor installation and provide sketch to confirm 

clearance requirements for motor installation.  Sketch shall confirm  that 

installation of new motors will not damage existing conduits that are to remain 

during the course of this work.  

 

G. Submit surge test results. 

 

1.3 QUALITY ASSURANCE  

A. Welder's Qualifications: All welders shall be qualified in accordance with ASME 

Boiler and Pressure Vessel Code, Section IX, Welding and Brazing Qualifications 

http://www.asme.org/. 
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B. Welding procedures and testing shall comply with ANSI Standard B31.1.0  

Standard Code for Pressure Piping, Power Piping, and The American Welding 

Society, Welding Handbook http://www.ansi.org/. 

 

C. Soldering and brazing procedures shall conform to ANSI B9.1 Standard Safety 

Code for Mechanical Refrigeration http://www.ansi.org/. 

 

D. Sustainable Design Requirements 

 

1. Local/Regional Materials: Furnish materials extracted, processed, and 

manufactured within 500 miles of Project site. 

2. Low-Emitting Materials, Adhesives and Sealants: Furnish materials that 

comply with the requirements of South Coast Air Quality Management 

District (SCAQMD), Ruling #168, July 1, 2005. 

E. Submit Manufacturer’s certificate of proper installation and certificate of functional 

testing assistance for each MAC motor in accordance with 01 75 17, Field Testing 

and Startup.  

1.4 DELIVERY, STORAGE, AND HANDLING 

A. Provide factory-applied plastic end-caps on each length of pipe and tube, except for 

concrete, corrugated metal, hub-and-spigot, clay pipe.  Maintain end-caps through 

shipping, storage, and handling to prevent pipe-end damage and prevent entrance 

of dirt, debris, and moisture. 

B. Protect stored pipes and tubes. Elevate above grade and enclose with durable, 

waterproof wrapping. When stored inside, do not exceed structural capacity of the 

floor. 

C. Protect flanges, fittings, and specialties from moisture and dirt by inside storage 

and enclosure, or by packaging with durable, waterproof wrapping. 

D. Store in a clean, dry, well-ventilated place, free from vibration and rapid or wide 

variations in temperature. Rotate the shaft a minimum of 10 complete turns by hand 

each month to coat the bearings with lubricant which will prevent oxidation or 

corrosion. If drain plugs are provided in enclosed motors, they must be removed 

periodically to drain any water accumulation from the motor. 

E. The Installation Contractor is required to avoid existing conduits and piping during 

the motor installation and provide equipment necessary to clear existing equipment. 

1.5 SITE VISIT REQUIREMENT 

 

A. The District furnished motor will be coupled to an existing skid mounted air 

compressor.  The Installation Contractor is required to coordinate a site visit with 

the District to fully investigate each air compressor system how the motor will be 

handled during installation, how the motor will be shimmed and retrieve 

information on the existing stub shaft to determine the required flange half coupling 

piece for connecting new motor to existing air compressor shaft.  The Contractor is 
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required to measure the shaft diameter of each main air compressor motor as 

indicated in Paragraph 1.1. 

B. For main air compressors that need to be shutdown for safe investigation purposes 

the Contractor shall provide at least two weeks notice to the District and submit a 

System Outage Request (SOR) in accordance with Section 01 35 13, Special Project 

Procedures. 

PART 2 - PRODUCTS 

2.1  EQUIPMENT AND MATERIAL 

A. All mechanical equipment and materials proposed for this project shall be new and 

purchased specifically for this project. 

B. Damaged, dented, bent, scarred, or scratched equipment or materials shall be not 

installed. 

C. When damage has occurred the contractor shall notify the District's authorized 

representative, within 24 hours of the damage, for review and resolution of the 

damage problem. 

2.2 VIBRATION REQUIREMENTS 

A. Mounting feet or surfaces of rotating equipment shall be machined. 

B. Base Structure: Cast iron or welded steel construction with ribs or bracing to 

prevent distortion and machine surfaces where equipment is to be mounted. 

Tolerance shall be +/-0.002 inches between mounting pads. Base structure shall 

have mounting holes around perimeter. Center distance between these holes shall 

not be more than 30 inches. 

C. Hollow Bases: Holes sufficiently large in top of base for filling and venting grout, 

throughout the entire base. If cross-members are provided in the base, provide grout 

vent holes for each base segment. 

D. Dynamic balancing and unbalance vibration of the rotating element (or rotor) shall 

be as follows: 

 

1. Pump impellers shall be balanced in accordance with ISO 1940/1 - 1986 

balance quality grade G2.5. If the manufacturer’s tolerance is more 

stringent, then that balance quality shall apply. 

2. Motor rotors shall be balanced in accordance with NEMA MG-1 standards 

to a Special Balance tolerance to give an amplitude of vibration of no more 

than 0.8 mils on the bearing housings. If the motor manufacturers tolerances 

are more stringent, then they shall apply. 

E. Shaft Alignment Requirements: On coupled rotating equipment installation where 

driver and driven units are supplied as a factory mounted unit, shafts shall be 
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aligned in angular and offset positions and within tolerances as specified in this 

section with all hold-down bolts/nuts tight. 

2.3 MOTOR SURGE PROTECTION EQUIPMENT 

A. Provide a medium voltage, three phase motor surge protector that is designed to 

protect medium voltage motors from voltage surges due to lightning and switching 

events.  The motor surge protector will be installed on a 4160V system (line-line 

voltage) which is ungrounded. The surge protector shall be NEPSI (Northeast 

Power Systems, Inc.)  part number MSP6A0416 or Equal. 

B. Enclosure 

 

1. The surge protector shall be housed in a NEMA 12, 11 gauge, all-welded, 

steel enclosure.  The enclosure shall be equipped with a hinged door which 

shall bolt closed with two 3/8” x 16 stainless steel bolts.  The hinges shall 

be stainless steel and the door shall be removable when in the open position. 

2. High voltage warning signs and a nameplate showing rating information 

shall be located on the front of the enclosure. 

C.  Capacitors 

 

1. A low inductance, three phase, all-film surge capacitor shall be provided for 

decreasing the slope of impending voltage surges.  The capacitor shall be 

rated 0.5 micro-farads. 

2. The surge capacitor shall be equipped with discharge resistors that reduce 

the capacitor voltage to 50V in 5 minutes when disconnected from the 

source. 

3. The surge capacitor shall be capable of operating between -40 degrees F 

and 115 degrees F. 

D. Surge Arrester 

 

1. The surge protector shall be equipped with three heavy duty distribution 

class surge arresters for limiting the crest of impending voltage surges to 

safe values. 

2. The surge arresters shall be silicone rubber housed and shall utilize MOV 

blocks.  The arresters shall comply with ANSI C62.11 standards. 

2.4 NEUTRAL CURRENT TRANSFORMER ENCLOSURE 

A. Enclosure 

1. Current transformer enclosure shall be NEMA 12, ANSI 61 gray. 

2. Material shall be minimum 14 gauge mild steel. 
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3. Enclosure shall measure 36” high, 36” wide, 24” deep. 

4. Enclosure shall be equipped with a single hinged door which is either 

lockable or is bolted closed. 

5. A backpanel compatible with enclosure shall be provided for mounting 

components. 

B. Neutral Current Transformers 

1. Provide three bar-type current transformers and install in the CT enclosure 

in accordance with drawing number SD428-W4400-E901. 

2. CTs shall be GE Grid Solutions model JKM-3C or Equal. 

3. CTs shall be single ratio, 300:5. 

4. CTs shall be rated 5KV, 60KV BIL. 

C. Neutral Bus Bar 

1. Provide copper neutral bus bar measuring 24” long, 1” wide, ¼” thick and 

install in the CT enclosure in accordance with drawing number SD428-

W400-E901 or Approved Equal. 

D. Insulators 

1. Provide two neutral bus bar insulators and install according to drawing 

number SD428-W4400-E901. 

2. Insulators shall be NVENT ERIFLEX, ERICO part number 559694 or 

Approved Equal. 

3. Insulators shall be 3” high, 2.5” wide. 

2.5 DESIGN VIBRATION REQUIREMENTS 

A. The machine base of the rotating equipment shall be mounted on the sub-base in a 

manner that is level in both directions according to the machined surfaces on the 

base. If sub-base is cast-in-place concrete, coordinate drawings to show details of 

steel reinforcement.  The base is to be supported firmly by hold-down bolts all the 

way around the base and grouted when necessary. 

2.6 JOINING MATERIALS 

A. Welding Materials:  Comply with Section II, Part C, ASME Boiler and Pressure 

Vessel Code for welding materials appropriate for the wall thickness and chemical 

analysis of the pipe being welded http://www.asme.org/. 

B. Brazing Materials:  Comply with SFA-5.8, Section II, ASME Boiler and Pressure 

Vessel Code for brazing filler metal materials appropriate for the materials being 

joined http://www.asme.org/. 
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C. Soldering Materials:  Refer to individual piping system specifications for solder 

appropriate for each respective system. Lead bearing solders shall not be used. 

D. Gaskets for Flanged Joints:  Gasket material shall be full-faced for cast-iron flanges 

and raised-face for steel flanges. Select materials to suit the service of the piping 

system in which installed and which conform to their respective ANSI Standard 

(A21.11, B16.20, or B16.21) http://www.ansi.org/.  Provide materials that will not 

be detrimentally affected by the chemical and thermal conditions of the fluid being 

carried. 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Select a location for the motor and driven unit that will: 

1. Be clean, dry, well ventilated, properly drained, and provide accessibility     

for inspection, lubrication, and maintenance.  

2. Provide adequate space for future motor removal without shifting the driven 

unit. 

3. Permit the motor to safely deliver adequate power. Temperature rise of a                 

standard motor is based on operation at an altitude not higher than 3,300 

feet above sea level. 

4. Avoid condensation of moisture in bearings and on windings. Motors 

should not be stored in areas subject to rapid temperature changes unless 

motors are energized or protected with space heaters. 

B. General Locations and Arrangements:  Drawings (plans, schematics, and diagrams) 

indicate the general location and arrangement of the systems.  

3.2 INSTALLATION 

A. Handling 

1. The Installation Contractor shall receive, uncrate, set in place, level, and 

install the equipment according to the installation drawings and as per the 

EBMUD Site Manager’s direction. 

2. Lifting devices are provided for handling only. An experienced rigger 

should be used to install motors. 

3. To avoid damage, the use of spreader bars is recommended on other than 

single point lifts. Lifting devices are typically provided to facilitate handling 

with shackles and cables. 

4. Avoid pounding or bumping shaft, coupling, or bearing parts, as shocks may 

damage bearings. 
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5. Note weight of motor before lifting. Apply tension gradually to cables. Do 

not jerk or attempt to move the unit suddenly. 

B. Mounting 

1. Mount the motor base on existing flange foundation. 

a. Sub-base that supports the equipment base and made of concrete 

shall be reinforced with steel reinforcements of the proper design as 

indicated. 

b. The sub-base shall be level in both directions. Particular care shall 

be taken at hold-down bolt locations so that these areas are flat and 

level. 

c. Machine bases of rotation equipment shall be mounted on sub-bases 

in a manner that they are level in both directions according to 

machined surfaces on base. 

d. Leveling of machine bases on sub-bases and alignment of shafts 

between driver and driven unit shall be accomplished by use of 

stainless steel blocks and stainless steel precision cut and shims. 

e. Blocks and shims shall be generously sized to provide solid support 

at each anchor bolt location. 

f. Provide blocks and shims at each anchor bolt. Blocks and shims 

shall be square shape with "U" cut out to allow blocks and shims to 

be centered on anchor bolts. 

1) Verify bolt hole location and depth for new motors. Perform 

any modifications of the foundation to mount the motors 

with manufacturer’s approval in writing.  

2. Shim as required to level. Use laser or spirit level (check two directions at 

90°) to ensure motor feet will be in one plane (base not warped) when base 

bolts are tightened. 

3. Set motor on the base, install nuts, and tighten. Do not tighten until after 

alignment. 

C. Coupling of Sleeve Bearing Motors 

1. Sleeve bearings cannot withstand externally generated axial thrust. 

Antifriction bearings are normally designed to handle a minimum thrust. As 

the motor and driven equipment get hot they may expand towards each other 

and with the wrong coupling. If properly installed, the following types of 

couplings are considered to be free from the development of axial thrust and 

may be used. 

a. Laminated Metal Disk Type 
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b. Rubber Biscuit Type 

c. Pin and Bushing Type 

d. Gear Type 

D. External Wiring 

1. Starting and overload control devices must be matched to the motor rating. 

For safety or convenience the may need to be installed some distance from 

the motor. Follow the motor manufactures instructions to make proper 

installations and connections. 

2. Connect electrical power supply to conform with National Electric Code 

and any local regulations. Line voltage and wire capacity must match motor 

rating stamped on the nameplate. 

3. With the driven equipment disconnected, momentarily energize the motor 

to check rotation. 

E. Alignment 

1. Accurate shaft alignment between motor and driven equipment is essential. 

Improper alignment may result in vibration, bearing overloads and 

excessive shaft stresses. Flexible couplings will not compensate for 

excessive misalignment. 

2. Machinery Shaft Alignment: All rotating motor-driven equipment shafts 

with couplings shall be aligned as installed on-site using a computer-aided 

optical laser. The transducer system (where applicable), which houses the 

Class 1 laser diode and a position detector, and the prism shall be installed 

on the respective shafts, then adjusted such that the laser beam is reflected 

back into the position detector.  As the shafts are rotated through 180 

degrees, any parallel offset or angularity shall deflect the reflected beam 

from its original point of incidence in the position detector. The position 

detector measurements shall automatically enter the computer, which shall 

calculate misalignment from the beam deflection, and then display shaft 

misalignment at the coupling and corrective measures to the nearest 0.0005 

inches at the machine feet. 

a. Preliminary and final alignments shall be performed. Preliminary 

alignment shall occur before grouting of the base, connection the 

piping and cabling connections are performed. During preliminary 

alignment, soft foot function shall measure machine feet sitting 

unevenly on the foundation and determine the necessary corrections. 

Measurement of the amounts and directions of misalignment, 

calculations of corrective moves, and initial alignment shall be 

performed. 

b. Following the completion of all connections and grouting, the final 

alignment shall be performed. 
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c. The computer shall automatically calculate alignment specifications 

into the corrections such that when thermal growth is present, the 

machines will be positioned to grow into optimum alignment at 

operating temperatures. All data collected will be permanently 

recorded in a report and included in the final O&M manual for the 

equipment. 

d. Shims used to adjust alignment shall be factory precut stainless steel 

sized for the appropriate motor horsepower. 

e. Accuracy of the optical laser alignment system shall be traceable to 

the National Institute of Standards and Technology. Allowable 

equipment tolerances are as set forth elsewhere in this Section. 

f. Coupling manufacturer alignment tolerances shall not be used for 

shaft alignment tolerances. The tolerances specified herein shall 

apply to both vertical and horizontal alignments measured at or 

calculated to the coupling centerline. In cases where the equipment 

manufacturer requires more stringent shaft alignment standards, the 

manufacturer's standards shall apply. 

g. If the equipment comes as a factory mounted/aligned unit the shaft 

alignment shall be rechecked as installed on site and any 

misalignment corrected in accordance with these specifications and 

tolerance herein. 
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3. Brief Explanation Of Terms 

a. Machine To Be Shimmed ("M.T.B.S."): When two machines must 

be aligned to each other, any necessary adjustments will usually be 

done on only one of the machines. Usually, the driver will be the 

machine that must be adjusted. The term “Machine to be shimmed” 

shall be used to describe the machine that is to be shimmed. 

b. Stationary Machine: The term “Stationary Machine” shall be used 

to describe the machine that is usually not adjusted (the pump, fan, 

gear reducer, air compressor, etc. in most cases). 

c. Vertical Misalignment: When the "M.T.B.S." must be adjusted 

vertically with shims to bring it into its correct position. This term 

applies to horizontally mounted machines.   

d. Horizontal Misalignment: When the "M.T.B.S." must be adjusted 

horizontally to bring it into its correct position. (Shims are not used 

to correct horizontal misalignment.)  This term applies to 

horizontally mounted machines.  

e. Angularity: The angle that one shaft centerline makes in relation to 

the other shaft centerline. For clarity, this is expressed as a "slope" 

of so many thousandths of an inch PER inch, rather than as an angle 

of so many degrees. This must be determined in both the vertical 

and horizontal planes (vertical angularity and horizontal angularity) 

on horizontally mounted machines and east-west and north-south 

planes on vertically coupled shafts.  

f. Offset: The distance (in thousandths of an inch) between two shaft 

centerlines. For purposes of standardization, this distance will 

always be calculated to (or measured at) the centerline of the 

coupling. This must be determined in both the vertical and 

horizontal planes (vertical offset and horizontal offset) on 

horizontally mounted machines and east-west and north- south 

planes on vertical coupled shafts.  

g. Soft Foot: A condition that exists when the bottom of all four feet of 

the moveable machines are not machined on the same plane or 

resting on the same plane (can be compared to a chair that has one 

short leg).  

h. Jacking Bolts: Horizontally positioned bolts on the machine base 

that are located at each foot of the machine and are used to adjust 

the horizontal position of the machine. Jacking bolts are not used to 

hold the machine in place. 

4.   Prior to final shaft alignment, the following criteria must be met: 

5. Machinery foundation must be installed as designed with the base parallel 

with   respect to the machine's shaft on horizontally mounted machines. 
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6. Machinery must be free of piping strain. To check for piping strain, piping 

flanges should be loosened up separately with flange movement observed 

continuously. Should movement exceed 1/8- inch, piping strain is 

considered excessive and shall be corrected by adding or adjusting pipe 

supports, hangers, expansion joints, etc. Refer to .03 A. 3. of this Section. 

7. Machinery must be resting firmly on the mounting bases with equal loading 

on each support. 

8. Horizontally mounted machinery (coupled) over 125 horsepower shall be 

provided with fine-thread jackbolts for horizontal alignment adjustments. 

Machine foothold down bolts shall be loosened before horizontal position 

adjustments are made with the jackbolts. 

9. Machinery supports and baseplate pads shall be free of burrs, rust, scale, 

and other obstructions. 

10. Stainless steel pre-cut shims shall be used to provide a firm, solid, adjustable 

link between machine and baseplate. 

11. Machinery must be free of soft foot. To check for soft foot, the machinery 

must be firmly bolted to the baseplate. Each support foot is checked with 

the dial indicator and/or feeler gauges, loosening hold-down bolts one at a 

time. If movement exceeds 0.002 inches, soft foot is indicated. Shim and 

torque uniformly to minimize soft foot. (see Drawing 4 in Appendix A.) 

12. All jackbolts shall be backed-off (1) turn after the alignment procedure is 

complete. 

13. All final alignment data for each machine assembly shall be recorded by the 

contractor on the Machinery Alignment Report, one electronic PDF copy 

and three (3) copies of which will be submitted to the project manager for 

distribution.  

F. Parallel Alignment 

1. After positioning unit for correct end float, separate the coupling halves and 

mount a dial indicator rigidly on one coupling half with the button on the 

cylindrical surface of the other half.  

2. Rotate the shafts together, and take readings at top, bottom, and side 

positions. 

3. Align shaft so that the difference between top and bottom readings and the 

side readings is a maximum of 0.002 inches for a flexible coupling. 

G. Angular Alignment 

1. Hold each shaft at maximum end float. Rotate both shafts together, and 

measure between matching points at the outside diameter of the coupling 

faces for the top, bottom, and both sides.  
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2. Use two indicators because of the possible axial shaft movement. Read 

difference of variation between them. 

3. Align shafts so that the total indicator variation does not exceed 0.002 

inches. 

H. A basic rule is to not have more than five shims in a shim pack under any one motor 

foot. Thick shim packs will cause soft foot, excessive vibration, or twisted frame 

(motor foot out of plane). 

I. After erection, the contractor shall demonstrate that all equipment is operating in a 

satisfactory manner. All adjustments shall be made to suit anticipated operating 

conditions. Each piece of machinery shall be tested to show that it operates quietly 

without excessive vibration, overheating, or signs of distress at specified capacity.  

The engineer shall be notified in advance of all tests, and all tests shall be conducted 

to his entire satisfaction. All tests shall be made by the manufacturers’ representative 

and the results recorded and submitted to the County. Vibration testing and 

acceptance shall be done in accordance with the Performance Testing in Appendix 

B, E, and F of these design standards. 

J. Manufacturer's certificates that the installation of the equipment is in accordance with 

the manufacturer's recommendations shall be secured by the contractor and submitted 

to the engineer. 

K. Certification that the equipment shafts are aligned to the alignment tolerances 

specified. 

L. Certification that equipment rotors have been dynamically balanced within the 

tolerances specified. 

M. Foot Plane 

1. The proper foot plane exists when adequate shims have been installed to 

assure equal pressure on each foot or corner of motor when the mounting 

bolts are loose. 

2. Mount dial indicator on shaft to be checked so that contact will rest on either 

the adjacent shaft or a bracket from the foundation or base. 

3. With mounting bolts tight and indicator set at zero, release one bolt at the 

shaft extension end of the unit and check the indicator for a maximum 

change of 0.001 inches. 

4. If no change is indicated, re-tighten the bolt, and repeat the process for each 

of the remaining bolts. 

5. If a change is indicated, add shims under motor foot and re-tighten until 

indicator movement is reduced or eliminated. 

N. Vibration 
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1. The standard unfiltered housing vibration limits measured at no load, 

uncoupled, and         with rigid mounting are as follows based on the 

requirements of NEMA MG1-7.8. 

 

2. After alignment is complete and foot mounting bolts are tight, run motor at 

no load (or minimum possible). Check for vibration. 

3. If excessive vibration exists and the alignment is acceptable, check foot 

plane by loosening one drive end mounting bolt at a time and re-check 

vibration until within acceptable limit. 

O. Doweling 

1. After controlling rotor end float and establishing accurate alignment, it is 

recommended to drill and ream the foundation plate and motor feet together 

for dowel pins. Doweling the motor (and driven unit) restricts movement, 

eases realignment if motor is removed from base, and temporarily restrains 

the motor should mounting bolts loosen. 

2. Re-check parallel and angular alignment after the unit has been in operation 

approximately one week before bolting the coupling together. Motor shaft 

should be level within 0.03 inches after alignment. 

3. Using pre-drilled dowel holes in motor feet as guides, drill into the 

mounting base. 

4. Ream holes in the feet and base to the proper diameter for tapered dowel 

pins. Clean out the chips. 

5. Insert dowel pins. 

3.3 INITIAL START UP AND TESTING 

A. Motor Checks 

1. Conform to requirements of Div 01 

2. Check that motor, starting, and control device connections agree with 

wiring diagrams. 

3. Check that voltage, phase, frequency of line circuit (power supply) agree 

with motor nameplate. 
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4. Check motor service record and tags accompanying motor. Ensure bearings 

have been properly lubricated and oil wells are filled. See motor outline 

drawing to determine proper oil level. 

5. Remove external motor load and turn shaft by hand to ensure free rotation. 

6. Run motor at no load long enough to be certain that no unusual condition 

exists. Listen and monitor for excessive noise, vibration, clicking or 

pounding and that oil rings are turning if so equipped. If present, stop motor 

immediately. Investigate cause and correct before putting motor in service. 

7. When checks are satisfactory, operate motor at lowest load possible and 

look for any unusual conditions. Increase load slowly to maximum checking 

unit for satisfactory operation. 

B. Alignment Checks 

1. After completion of installation of each air compressor motor and 

verification of motor rotation, the motor and compressor must be aligned, 

initially in a cold condition to be followed by a hot alignment after the 

compressor has been run and allowed to reach normal operating 

temperatures.   

2. All alignment procedures must be executed in strict accordance with the 

compressor and motor manufacturer specifications and must be witnessed 

by a District representative.   

3. All mounting bolts and fixtures must be torqued to their final design values 

prior to recording final alignment.  No further tightening or adjustments will 

be permitted after final alignment measurements. 

4. Alignment reports documenting the As Found and As Left conditions for 

each alignment must be provided to and accepted by the Engineer. 

5. The alignment check shall be done utilizing high-end laser technology.  

Alignment checks shall be performed by a firm with a minimum of ten (10) 

years of experience installing and performing maintenance work on 

industrial air compressor systems with at least three (3) projects involving 

Ingersoll Rand air compressor systems.  The following is a list of such 

firms: 

a. Cisco Air Systems 

b. Or Equal 

C. Performance Testing 

1. Testing shall be done at full load. 

2. Testing of the air compressor system shall include a surge test to determine 

the surge limits of the system.  The surge test results shall be documented 
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and provided in a report submitted to the District with recommendations on 

adjusting components or devices to mitigate reaching the surge limit. 

3. Air compressor components and devices such as valves shall be adjusted by 

the Installation Contractor to avoid reaching the surge limit.  The system 

shall be tested after adjustments have been completed to confirm that the 

surge limit is avoided. 

 

END OF SECTION 
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SECTION 22 05 53.05 

 

PIPE IDENTIFICATION 

 

PART 1 -  GENERAL  

1.1 DESCRIPTION 

A. Work included: Furnish and install piping identification markers for exposed 

piping as specified herein.  

B. Related work specified elsewhere: 

1. Section 09 90 00 – Painting and Coatings  

2. NOT USED 

1.2 REFERENCES 

A. American National Standards Institute (ANSI) Z535.1 – Safety Color Code 

1.3 SUBMITTALS  

A. Submit the following as specified herein and in accordance with Section 01 33 00, 

Submittal Procedures: 

B. Descriptive literature for markers: The literature and drawings shall contain the 

manufacturer's name, description, manufacturers’ product data, and the full item 

number or designation. 

C. Piping marker table listing each piping service with proposed marker lettering and 

colors. 

PART 2 -  PRODUCTS 

2.1 PAINTING 

A. Paint as specified in Section 09 90 00, Painting and Coatings and per schedule. 

B. Pipe System Color shall be as specified in the Schedule. 

C. Special Items: 

1. In addition, special painting of following items will be required: 
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ITEM COLOR 

Hoist hooks and blocks Yellow and black stripes 

Steel guard posts ANSI Safety Yellow 

 

2. Paint minimum legibly numbers on or adjacent to accessible valves, 

pumps, flow-meters, and other items of equipment which are identified on 

Drawings or in Specifications by number. 

 

2.2 ADHESIVE MARKERS 

A. Self-adhesive vinyl, suitable for outdoor application from –40 degrees to 180 

degrees Fahrenheit. 

B. Minimum thickness shall be 0.004-inch.  

C. Each marker shall include: 

1. Multiple axial-mounted text blocks to allow visibility from all likely 

viewing directions. 

2. Pipe banding tape with repeating flow arrows surrounding the entire pipe 

circumference on both ends of the pipe marker. Arrow colors shall be the 

same as the lettering color. 

D. Marker Colors: 

1. Refer to the Standard Drawing (STD-G-005) for the marker lettering and 

background colors for label use.   

E. Lettering: 

Pipe Outer Diameter Lettering Size 

Less than 0.75 inches Permanently legible tag 

0.75 inches to 1.25 inches 1/2 inch 

1.5 inches to 2 inches 3/4 inch 

2.5 inches to 6 inches 1-1/4 inches 

8 inches to 10 inches 2-1/2 inches 

over 10 inches 3-1/2 inches 

 

F. As manufactured by:   
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1. Seton, Opti Code Pipe Markers 

2. Lab Safety Supply 

3. or equal. 

PART 3 -  EXECUTION 

3.1 PAINTING 

A. Color Code: 

1. Paint piping scheduled to be color coded completely with specified colors. 

2. NOT USED. 

3.2 ADHESIVE MARKER 

A. Prepare surface in accordance with product manufacturer's instructions. Ensure 

surface is clean, dry, and free of dust or debris. 

B. Identify piping with legend markers, directional arrow markers, and number 

markers; use self-adhesive arrow roll tape to secure ends of piping markers and 

indicate flow direction. 

C. Provide piping marker letters and colors as scheduled.   

D. Install adhesive markers at the following locations: 

1. adjacent to equipment served and adjacent to valves 

2. both sides of walls and floors where pipe passes through 

3. adjacent to changes in direction (e.g., upstream and downstream of 

elbows, bends, tees, etc.) 

4. at intervals of not more than 20 feet in straight runs of pipe 

E. Place markers on piping so they are visible from operator's position in walkway or 

working platform near piping.  Locate markers along horizontal centerline of 

pipe, unless better visibility is achieved elsewhere. Install two labels on opposite, 

or near opposite, sides of the pipe if pipe is visible from two directions (e.g., 

piping crossing between two work areas or walkways). 
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3.3 PIPING SYSTEM COLOR SCHEDULE  

 

Color codes have not been verified. Contractor shall confirm color code with paint manufacturer. 

 

END OF SECTION 

 

 

ID PIPING SYSTEM 

PIPE (SYSTEM) 

COLOR 

COLOR CODE 

Tnemec Devoe Carboline PPG S-W 

5W Fire Service ANSI Safety Red 06SF DC9000 7573 PC895 4081 

1W Potable Water (1W) ANSI Safety Blue 11SF DC9800 9112 PC865 4086 

O2 Oxygen (SST) None -- -- -- -- -- 

-- 
MWWTP Process – All Other 

Interior (epoxy) Popcorn 
1029 -

PA21 
Match 0842 2012-1531 CCC0471-15 

-- 
MWWTP Process – All Other 

Exterior (polyurethane) 
Popcorn Match Match Match 2012-1532 CCC0470-15 

-- 

All PE or HDPE piping Use solid color pipe 

or co-extrusion 

stripes based on the 

piping system color. 

Various Various Various Various Various 
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SECTION 26 05 19 

LOW VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES 

 

PART 1 -  GENERAL  

1.1 DESCRIPTION 

A. Work Included: This section covers the work necessary to provide a complete and 

operable low voltage cable system as specified herein. 

B. Related Sections: Refer to other divisions and sections of these specifications to 

determine the extent and character of related electrical work specified elsewhere, 

but which shall be done under this section. 

 Section 01 33 00 – Submittal Procedures 

 Section 26 05 00 – Common Work Results for Electrical 

 Section 26 05 26 – Grounding and Bonding for Electrical Systems 

 Section 26 05 53 – Identification of Electrical Systems 

 Section 26 08 00 – Commissioning of Electrical Systems 

 Section 27 13 23 Communications Optical Fiber Backbone Cabling 

 Section 27 13 23.13 Communications Optical Fiber Splice and 

Termination 

1.2 SUBMITTALS 

A. Make submittals in accordance with Section 01 33 00 Submittal Procedures, and 

Section 26 05 00 Common Work Results for Electrical. In addition to these 

requirements, submit the following: 

 Perform cable insulation and resistant tests in accordance to the NETA 

ATS latest version. 

 Pulling calculations for all low voltage cables installed in concrete 

ductbank showing compliance with all manufacturers’ recommended 

installation requirements and pulling tensions. Submittal shall include the 

recommended sequence of cable installations specifically detailing the 

“from” and “to” points for each cable installation segment. 
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1.3 REFERENCES 

A. American Society for Testing and Materials (ASTM): 

 B-3 - Standard Specification for Soft or Annealed Copper Wire. 

 B-8 – Standard Specification for Concentric-Lay-Stranded Copper 

Conductors, Hard, Medium-Hard, or Soft. 

 B-33 – Standard Specification for Tinned Soft or Annealed Copper Wire 

for Electrical Purposes 

B. American National Standards Institute (ANSI): 

 C2 - National Electrical Safety Code 

C. Institute of Electronic and Electrical Engineers (IEEE): 

 IEEE 242 – Recommended Practice for Protection and Coordination of 

Industrial and Commercial Power Systems 

 IEEE 399 – Recommended Practice for Industrial and Commercial Power 

System Analysis 

D. Insulated Cable Engineers Association (ICEA): 

 S-73-532 – Standard for Control, Thermocouple Extension and 

Instrumentation Cables. (Join Standard NEMA WC 57) 

 S-95-658 – Standard for Nonshielded Power Cables rated 2000 Volts or 

less. (Joined Standard NEMA WC 70) 

E. National Fire Protection Association (NFPA): 

 NFPA 70 – National Electrical Code 

F. National Electrical Manufacturers Association (NEMA): 

 WC 26 – Wire and Cable Packaging 

G. InterNational Electrical Testing Association (NETA ATS) 

H. Underwriters Laboratory (UL): 

 Standard 44 – Thermoset Insulated Wires and Cables 

 Standard 83 – Thermoplastic Insulated Wires and Cables 
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 Standard 486A/486B – Wire Connectors 

 Standard 510 – Polyvinyl Chloride, Polyethylene and Rubber Insulating 

Tapes 

 Standard 1063 – Machine Tool Wires and Cables 

 Standard 1581 – Reference Standard for Electrical Wires, Cables and 

Flexible Cords 

1.4 SYSTEM DESCRIPTION 

A. The application for required cable, wire, and connectors include, but are not 

limited to: 

 Power distribution circuitry 

 Appliance and equipment circuitry 

 Network and communication systems and circuitry 

 Wiring for motors of mechanical equipment 

 Wiring from the motor(s) of mechanical equipment to disconnect switches 

or junction boxes, including wiring for pushbuttons, pilot lights, interlocks 

and similar devices as directed, shown, or specified. 

 Wiring from the motors of mechanical equipment to motor starters, 

including other auxiliary wiring as may be required, directed, or shown. 

 Line voltage wiring as required by other Disciplines, and interlocking to 

motor starters 

 Control wiring for motors, mechanical equipment, relays and switches, 

and similar mechanical-electrical devices. 

1.5 CONDUCTOR COLOR CODING  

A. Color coding of multiconductor control and instrumentation cable is specified in 

the individual cable type specification.  

B. For power conductors, provide all single conductors and individual conductors of 

multiconductor power cables with integral insulation pigmentation of the 

designated colors, except conductors larger than No. 6 AWG may be provided 

with color coding by wrapping the conductor at each end and at all accessible 

locations with vinyl tape. Where this method of color coding is used, wrap at least 

six full overlapping turns of tape around the conductor covering an area 1-1/2 to 2 

inches wide at a visible location at all conductor termination and pulling points.  
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C. Phases A, B, C imply the direction of positive phase rotation.  

D. Use the following colors: 

System Conductor Color 

 

All Systems Equipment Grounding Green 

 

208Y/120 Volts, Grounded Neutral White  

3-Phase, 4-Wire 

 Phase A Black 

 Phase B  Red 

 Phase C  Blue  

 

480Y/277 Volts,  Grounded Neutral (if used)  White, Black Tracer 

3-Phase, 4-Wire 

 Phase A  Brown 

 Phase B  Orange 

 Phase C  Yellow 

 

Single Conductor, AC  Red 

 

Multiple Conductor  ICEA Method 1 

Control Cables  Table E-2 

 

Multiple Conductor Power Cables ICEA Method 1 or 3, 

Table E-2 

 

12 or 24V DC Positive  Blue 

 

0V DC  Blue with Gray Stripes 

 

Single-Conductor, DC  Purple 

Alarm, Annunciator, 

Instrumentation, 

and Telemetering 

(if not shielded) 

 

E. All conductors carrying AC foreign voltage over 100 VAC into control panels, 

switchboards, and other enclosures shall be yellow. Multi-conductor cables 

carrying such foreign voltage shall be marked with yellow tape at each 

termination point. 
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1.6 DELIVERY, STORAGE AND HANDLING 

A. Storage of cable after pulling or splicing shall include purging of entire cable with 

nitrogen or otherwise seal with tape at both ends. 

B. Inspect the reels as they are unloaded from the delivery truck. Any visible damage 

shall be reported by the Contractor and the reel returned to the factory.   

C. Provide a crane, special lift truck or forklift to unload the cable reels. 

D. Cables shall be packaged on spools or reels. Each package shall contain only one 

continuous length of cable. Construct the packaging so as to prevent damage to 

the cable during shipping and handling.  

E. All conductor ends shall be sealed at the factory, and these seals shall be intact 

when the conductors are delivered. When delivered, provide the Engineer with 

certified test reports. 

PART 2 -  PRODUCTS  

2.1 GENERAL 

A. The use of a manufacturer's name and model or catalog number is for the purpose 

of establishing the standard of quality and general configuration desired only.  

Products of other manufacturers will be considered in accordance with the 

Division 01, General Requirements.  

2.2 CONDUCTORS  

A. Provide cables as specified under the type number in this section (Type 1, Type 2, 

etc.). Conduits shown on the drawings have been sized to accommodate the 

outside diameter for each type.   

B. Multi-Conductor Power, Control, and Instrumentation Cable 600 Volts and Less:  

 Provide cable that is UL listed and conforms to the requirements of UL 

1277 and CEC Article 340, or UL listed Power Limited Circuit Cable that 

conforms to the requirements of Article 725 of the National Electrical 

Code. Provide cables permanently and legibly marked with the 

manufacturer's name, the nominal voltage, the type of cable, and the UL 

label (or submit evidence of UL listing).  

 Type 10 (600-Volt, Twisted, Shielded Pair Instrumentation Cable): 

a. General: Type TC, single pair instrumentation cable designed for 

noise rejection for process control, computer, or data log 

applications. Suitable for installation in conduit, wireway, or other 
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approved raceways. Minimum cable temperature rating shall be 90 

degrees C dry locations, 75 degrees C wet locations.  

b. Individual Conductors: No.18 AWG stranded bare annealed 

copper, Class B, 7-strand concentric per ASTM B8, size as 

indicated on the drawings; 7-strand tinned copper drain wire.  

c. Insulation and Jacket: Each conductor 15-mil nominal PVC and 

4-mil nylon insulation. Pair conductors pigmented black and red. 

Jacket flame-retardant and sunlight- and oil-resistant PVC with 45 

mil nominal thickness. Aluminum/polyester shield overlapped to 

provide 100 percent coverage.  

 Acceptable Manufacturers:  

a) Belden No. 9341 

b) Dekoron (MC-HL) 

c) General Cable, VNTC Spec 2450 (for hazardous 

locations) 

d) Okonite Okoseal-N Type P-OS (for hazardous 

locations) 

e) Or equal.  

C. Type 11 (Power and control cables 600 Volts and less): 

 Unless otherwise indicated, provide stranded conductors. 

 Provide the following types of insulation: 

a. Type XHHW-2 insulation for conductors No.14 and larger. 

 Single conductor control wiring shall be No.14 AWG and shall have 

insulation type XHHW-2 and Class B stranded per ASTM B-8. Insulation 

shall be in accordance to ICEA S-95-658, NEMA WC-70, and UL listed.  

 XHHW-2 power conductors shall have a cross linked polyethylene 

insulation rated at 90 degrees C in wet and dry locations. 

 Provide copper conductors. Do not provide conductors smaller than those 

indicated. 

 Acceptable Manufactures:  

a. Southwire, SIMpull Type XHHW-2 
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b. Okonite, X-Olene Type XHHW-2 

c. Southwire, Spec 45061 (for hazardous locations) 

d. Or equal. 

D. Type 13 (Category 6 Unshielded Twisted Pairs): 

 General: industrial grade Category 6 Unshielded Twisted Pairs (UTP) 

suitable for use in harsh environments as industrial Ethernet cable, 600 

MHz Enhanced Category 6, Gigabit Ethernet, 100BaseTX, NTSC/PAL 

Component or Composite Video, RS-422, RJ-45 compatible, suitable for 

outdoor use and installation in conduit and other approved raceways. 

 Conductors: 4 pairs of conductors, 8 conductors total, 23 AWG solid bare 

copper conductors. 

 Insulation and Jacket: polyolefin insulation, individual conductors colored 

white/green and green, white/orange and orange, white/blue and blue, and 

white/brown and brown, center strength member, unshielded, industrial 

grade sunlight and oil resistant PVC jacket, outer jacket ripcord, 0.251 x 

0.339 inch overall nominal diameter, 300 volts, -40 degrees C to +75 

degrees C operating temperature. 

 Applicable Standards: CEC/UL CMR, UL Style 444, ANSI/TIA/EIA-568-

B.2-1 CAT 6, UL Verified to Category 6, UL1666 Riser Flame Test.  

 Acceptable Manufacturers:  

a. Belden 7927A 

b. AlphaWire, Xtra-Guard industrial Ethernet cable 

c. General Cable Cat 6 Riser 

d. Or equal. 

E. Type 14 (600Volt Multi-twisted Shielded Pairs with a Common Overall Shield 

Instrumentation Cable): 

 General: Type TC, twisted, shielded pairs of instrument cables, grouped in 

a single cable, designed for use for instrumentation, process control, and 

computer applications. Suitable for installation in conduit, wireway, or 

other approved raceways. Minimum cable temperature rating shall be 90 

degrees C dry and wet locations.  
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 Conductors: No. 18 stranded bare annealed copper, Class B, 7-strand, 

concentric per ASTM B8. Tinned copper drain wires sized as shown on 

the drawings, one for each pair and one for the overall group. 

 Insulation and Jacket: Each conductor 15-mil PVC and 4-mil nylon 

insulation. Pair conductors pigmented black and red or black and white, 

with red or white conductor numerically printed for group identification. 

Outer jacket flame-retardant and sunlight- and oil-resistant PVC with 45 

mil minimum thickness. Individual pair shield aluminum/polyester. Group 

shield aluminum/polyester, overlapped for 100 percent coverage. 

 Acceptable Manufacturers:  

a. Belden No. 1050A (1 pair), 1048A (2 pairs), 1049A (4 pairs), 

1050A (8 pairs) 

b. Dekoron (MC-HL) 

c. General Cable, Spec 2500 (for hazardous locations) 

d. Okonite Okoseal-N Type SP-OS (hazardous locations) 

e. Or equal.  

F. Type 15 (6/C RS-485): 

 General: industrial low-capacitance shielded cables for EIA RS-485 

applications, including security access card readers, suitable for outdoor 

use and installation in conduit and other approved raceways. 

 Conductors: 3 pairs of conductors, 6 conductors total, 22 AWG, 7 strand 

tinned copper conductors. 

 Insulation: foam high density polyethylene insulation, pairs colored 

white/blue and blue/white, white/orange and orange/white, white/green 

and green/white. 

 Shield: aluminum foil polyester tape providing 100 percent coverage, 

tinned copper braid providing 90 percent coverage, 7-strand tinned copper 

24 AWG drain wire. 

 Jacket: UV and oil resistant PVC, 0.420 inch overall nominal diameter, 

300 volt, -20 degrees C to +60 degrees C operating temperature. 

 Applicable Standards: CEC/UL CM and PLTC OIL RES II, UL 1685 

Flame Test, UL 1581 Sunlight Resistance Test. 

 Acceptable Manufacturers:  
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a. Belden 3108A 

b. Or equal. 

G. Type 19 (600-Volt Multi-Conductor Control Cable): 

 General: Multi-conductor control circuit interconnection cable with 

ground. Suitable for installation in conduit, wireway, or other approved 

raceways. Minimum cable temperature rating 90 degrees C dry and wet 

locations.  

 Individual Conductors: size as indicated on the drawings. Class B stranded 

per ASTM B-8. 

 Insulation and Jackets: Provide Cross-linked Polyethylene (XLPE) overall 

jacket insulation and Type XHHW-2 insulated conductor, and UL listed 

for cable tray use. Color code the conductor group in accordance with 

ICEA S-73-532 NEMA WC 57, Method 1, Table E-2. Provide cable with 

overall outer XLPE jacket which is flame-retardant, sunlight- and 

oil-resistant in accordance to UL 1581 and UL 1685. 

 No. 14 AWG minimum stranded copper conductors.  

 Acceptable Manufacturers:  

a.  General Cable Type CVTC spec 4500 (for hazardous and non-

hazardous locations) 

b. Okonite Okoseal-X-Olene (for hazardous and non-hazardous 

locations) 

c. Or equal.  

H. Type 27 (600-Volt, Multi-twisted Shielded Triads with a Common Overall Shield 

Instrumentation Cable): 

 General: Twisted, shielded triads of instrument cables, grouped in a single 

cable, designed for use for instrumentation, process control, and computer 

applications. Suitable for installation in conduit, wireway, or other 

approved raceways. Minimum cable temperature rating shall be 90 

degrees C dry and wet locations. 

 Conductors: No. 18 AWG stranded bare annealed copper, Class B, 7-

strand, concentric per ASTM B8, size as indicated on the drawings. 

Tinned copper drain wires, one for each triad and one for the overall 

group.  
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 Insulation and Jacket: Each conductor 15-mil PVC and 4-mil nylon 

insulation. Triad conductors pigmented black, red, and blue, or black, 

white, and red, with red or white conductor numerically printed for group 

identification. Outer jacket flame-retardant and sunlight- and oil-resistant 

PVC with 60 mil minimum thickness. Individual triad shield 1.35-mil 

aluminum/polyester. Group shield 2.35-mil aluminum/polyester, 

overlapped for 100 percent coverage. 

 Conductors shall be numerically printed for group identification. 

 Acceptable Manufacturers:  

a. Belden 

b. Dekoron 

c. General Cable Spec 2450 (for hazardous locations) 

d. Okonite Okoseal-N Type P-OS (for hazardous locations) 

e. Or equal. 

I. Flexible Cord and Cable Sealing Fittings: 

 Provide liquid-tight strain relief connectors for exposed flexible cord and 

power cable where cables enter electrical panels and enclosures.  

 Acceptable Manufacturers: 

a. OZ Gedney 

b. Hubbell 

c. Appleton 

d. Or equal. 

J. Electrical Tape for Color Coding: 

 Electrical tape shall be premium grade, 600V rated, not less than 7 mils 

thick, rated for 105 degree C minimum, flame-retardant, weather resistant, 

and available in suitable colors for color coding. The tape shall be resistant 

to abrasion, ultraviolet rays, moisture, alkalies, solvents, acids, and 

suitable for indoor and weather-protected outdoor use. The tape shall be 

suitable for use with PVC and polyethylene jacketed cables, and meet or 

exceed the requirements of UL 510. 

 Acceptable Manufactures:  
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a. 3M 35 Scotch Vinyl Electrical Tape for Color Coding 

b. Plymouth Rubber Company Premium 37 Color Coding Tape 

c. Or equal. 

K. Low Voltage Splices, 600 volts and below: 

 General: Provide low voltage splices consisting of 600 volt compression 

type connectors and connector insulators, suitable for indoor and outdoor 

field installations. 

 Provide two-way, uninsulated, compression connectors, long barrel type, 

suitable for use with stranded copper conductors. Provide UL listed 

connectors rated 600 volts minimum.  

a. Acceptable Manufacturers:  

 Burndy 

 Thomas and Betts 

 Panduit 

 Or equal. 

 For 480V and below applications, connector insulators shall be cold shrink 

type factory expanded and assembled tubular rubber sleeves, suitable for 

field installation including direct buried, overhead, and outdoor 

applications. Insulators shall shrink over in-line connections, forming a 

water-proof seal. Provide insulators rated for 1000 volts, minimum, with -

40 to 194 degree F temperature rating and ANSI C119-1 compliance. 

a. Acceptable manufacturers:  

 3M 8420 and 8430 Series for wires size #8 or larger, 3M 

Scotchcast 72-N Series for wire sizes #22-10. 

 Or equal. 

L. Thermocouple cables 

1. Provide extension cables for the thermocouple (RTD) sensors from the 

termination box to the DCS RIO or as indicated on the conduit and cable 

schedule.  These cables shall be ANSI cable type KX and TX. 

a.   Acceptable Manufacturers: 
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1)  Belden 

2)  Or Equal. 

PART 3 -  EXECUTION  

3.1 GENERAL 

A. Do not exceed cable manufacturer's recommendations for maximum pulling 

tensions and minimum bending radii. Where pulling compound is used, use only 

UL listed compound compatible with the cable outer jacket, voltage rating, and 

with the raceway involved.  

B. Submit a schedule of cable pulls 2 weeks prior to installation and certify in 

writing that the cable will meet the requirements of the cable manufacturer for 

maximum pulling tension, allowable sidewall pressure, and installed bending 

radius limitations.  

C. Monitor pulling tensions while pulling on runs between manholes and handholes 

and record the maximum tensions used. Advise the Engineer of cases exceeding 

the manufacturer's recommendations and remove and replace cables subjected to 

tensions in excess of those recommended. 

D. Perform pulling of cable in such a manner that the cable outer jacket does not 

scrape against the edge of the conduit, at both the inlet and outlet ends of the 

conduit. Cable shall be free of sandy or gritty material during pulling. If cable is 

laid on ground during pulling, cable shall be wiped free of sandy or gritty material 

prior to entry of cable into conduit and prior to application of any pulling 

compound. 

E. Tighten all screws and terminal bolts using torque type wrenches and/or drivers to 

tighten to the inch-pound requirements of the CEC and UL.  

F. Where single conductors and cables in manholes, handholes, vaults, and other 

indicated locations are not wrapped together by some other means such as arc and 

fireproofing tapes, bundle throughout their exposed length all conductors entering 

from each conduit with nylon, self-locking, releasable, cable ties placed at 

intervals not exceeding 18 inches on centers.  

G. Terminate no more than two control conductors per terminal point. Terminate all 

spare conductors on terminal blocks.  

H. Low voltage power and control conductors shall be in separate conduits.  

I. Only combine conductors with no more than two wire sizes difference to prevent 

possible installation damage to the smaller conductors; otherwise use separate 

conduits. 
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3.2 CONDUCTOR 600 VOLTS AND BELOW 

A. Provide conductor sizes indicated on drawings with no splices except as accepted 

in writing by the Engineer.  

B. Minimum wire size for all 480VAC or higher application shall be #12. 

C. Wire nuts may be used on 120-volt lighting and 120-volt receptacle circuits only. 

Place no more than one conductor in any single-barrel pressure connection. Use 

crimp connectors with tools by same manufacturer and/or UL listed for 

connectors of all stranded conductors.  

D. Soldered mechanical joints insulated with tape will not be acceptable.  

E. Color coding on wire sizes larger than No. 6 AWG shall be by taping the 

individual conductors with the appropriate colored self-adhesive vinyl electrical 

tape. Vinyl plastic insulating tape for wire and cable splices and terminations shall 

be flame retardant, 7-mil thick minimum, rated for 105 degrees C minimum 

meeting the requirements of UL 510. 

F. Provide terminals and connectors acceptable for the type of material used.  

G. Arrange wiring inside control panels, motor starters, switchgear, etc., neatly cut to 

proper length, remove surplus wire, and bridle and secure in an acceptable 

manner. Identify all circuits entering switchgear, motor starters, control panels, 

etc., in accordance with the cable schedules on the drawings. Terminate cable 

conductors on the same side of the terminal blocks as shown on the drawings. 

H. Terminate control and instrumentation wiring with methods consistent with 

terminals provided, and in accordance with terminal manufacturer's instructions. 

Where terminals provided will accept such lugs, terminate all control and 

instrumentation wiring (except solid thermocouple leads) with insulated, 

locking-fork compression lugs, Thomas & Betts Sta-Kon, or equal. Control panel 

incoming field wireway sizes indicated on the drawings are considered minimum. 

Contractor shall adjust wireway sizes to meet CEC percentage fill requirements. 

I. For terminals designed to accept only bare wire compression terminations use 

only stranded wire, and terminate only one wire per terminal. Tighten all terminal 

screws with torque screwdriver to the recommended torque values.  

J. Attach compression lugs with a tool specifically designed for that purpose which 

provides a complete, controlled crimp where the tool will not release until the 

crimp is complete. Use of plier type crimpers is not acceptable.  

K. Cap spare conductors and conductors not terminated with UL listed end caps. 

Label spare conductors with “From A – B, Spare – X” where A and B indicate the 
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source and destination locations respectively and X shall be the unique spare 

sequence number. 

L. Where conductors pass through holes or over edges in sheet metal, remove all 

burrs, chamfer all edges, and install bushings and protective strips of insulating 

material to protect the conductors.  

M. For conductors that will be connected by others, provide at least 6 feet spare 

conductor in freestanding panels and at least 2 feet spare in other assemblies. 

Provide additional spare conductor length in any particular assembly where it is 

obvious that more conductor length will be needed to reach the termination point.   

N. Train cables passing through all manholes and handholes along the walls on cable 

racks. Allow minimum 5 feet of slack in each run in a "drip loop" at least once 

along a wall. Loops and cables shall be organized, trained, and neatly installed.  

O. Do not strip cables more than eight inches from the nearest termination point of 

that cable.  

P. Bundle and label all spare pairs with the cable designation. Tag all individual 

pairs to enable identification of spare pairs when making future terminations.   

Q. Splices will not be permitted except as accepted in writing by the Engineer. 

R. Ends of cable shall not be exposed to environment more than 24 hours after 

pulling or splicing. After 24 hours purge the cable with nitrogen or sealed with 

tape. 

S. All hardware used shall be minimum rated for grade #5. 

T. Used only rated compression lugs for all conductor terminations. 

3.3 MULTI-CONDUCTOR POWER, CONTROL, AND INSTRUMENTATION CABLES 

600 VOLTS AND LESS 

A. Splices will not be permitted except as accepted in writing by the Engineer. 

B. Where connections of cables installed under this section are to be made under 

Div. 40, Process Integration, leave pigtails of adequate length for neat bundled 

type connections.  

C. Maintaining the integrity of shielding of instrumentation cables is essential to the 

operation of the control systems. Take special care in cable installation to ensure 

that grounds do not occur because of damage to the jacket over the shield. Shields 

shall be grounded at one location only as shown on the drawings. 
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3.4 LACING OF WIRES AND CABLES  

A. Lace all wires and cables in pull or junction boxes, manholes, handholes, 

wireways, and at each termination. Lace wires and cables so that the wires of the 

individual circuits are laced together by circuit and the laced-together circuit or 

cable shall be tagged with the cable number. Bundle all wiring entering and 

exiting the control panels into groups. Bundle and lace power, lighting, control, 

alarm, annunciator, and instrumentation wiring as specified herein.  

3.5 FIELD QUALITY CONTROL  

A. Provide acceptance testing of all of the low voltage cables per Section 26 08 00. 

 

END OF SECTION 
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