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East Elmhurst, NY 11370 
Office: 718 546-0690 

Fax: 718 278-6205 
 

 
 
 
 January 4, 2021 

 
ADDENDUM No. 5 to PIN: 072202001CPD  

  Powerhouse Boiler Feed Water Treatment System  
  Upgrade 

 
Dear Prospective Bidder: 
 
Pursuant to section §3-04 of the Procurement Policy Board (PPB Rules, the Department of 
Correction (DOC) is issuing Addendum No. 5 to the solicitation for the services referenced above. 
 
Be advised, this Addendum includes revisions to the contract documents as generally outlined 
herein. For detailed revisions please review all the attached documents 

 
A. DESCRIPTION OF CHANGES: 
 

1) The subject Addendum revisions are to include revisions to the contract documents to reflect scope 
of work as described herein and includes responses to contractors’ questions. 

2) All revisions to drawings are shown clouded with triangle number 1. 

3) All specification revisions are shown bold. 

4) Construction Duration is revised to 455 CCD. Revised Schedule A attached.  
 
 
B. BID SHEET 

 
Revised bid sheet is attached to include add alternate items. 
 

C. SPECIFICATION CHANGES (ATTACHMENT I): 

1) Spec Section 00 01 50 – Revised Drawing List. 

2) Spec Section 08 33 00 –Added coil door specification. 

3) Spec Section 08 71 00 – Included spec for door hardware.  

4) Spec Section 22 10 00 – Added plumbing piping specification.  

5) Spec Section 23 05 14 – Revised VFD enclosure rating. 

6) Spec Section 23 22 16 – Steam and Condensate Heating Specialties  
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7) Spec Section 23 50 11 – Revised Spec for clarification. 

 
D. DRAWING CHANGES (ATTACHMENT II): 

1) T003.00 – Added add alternate No.2 in scope of work. 

2) A101.00 – Revised floor plan. 

3) M-002.00 – Revised general note 23. 

4) M004.00 – Revised schedule and note for RO, water softener system, deaerator tank, surge tank and 
CIP. 

5) M-005.00 – Revised pump schedule. Added exhaust fan schedule. 

6) DM101.00 – Included removal of exhaust fans and ductwork, included location of existing water 
softener and existing booster pump. 

7) DM102.00 – Revised part plan tag room removal tag note number 30 and HPC work. 

8) DM103.00 – Revised part plan heater room removal work tag note #17. Revised plan to show 
existing city make up water to remain. 

9) DM104.00 – Added General notes. 

10) DM105.00 – Added General notes. 

11) M201.00 – Revised tag notes and included existing water softener and pump.  

12) M202.00 – Revised make up water location. 

13) M203.00 – Revised general notes. 

14) M204.00 – Revised tag notes. Revised RO and CIP location. Remove make up water piping for 
deaerator. Revised city water piping work. 

15) M205.00 – Revised general notes. 

16) M206.00 – Revised general notes. 

17) M211.00 – Revised water piping location. Included existing water softeners and booster pump. 
Include abandoned piping removal in cellar.  

18) M212.00 – Revised RO and CIP location. Revised make up water, soft water and soft permeated 
water piping location. Revised tag notes. 

19) M213.00 – Revised general notes. 

20) M214.00 – Revised RO and CIP location. Revised make up water, soft water and soft permeated 
water piping location. Revised tag notes. 

21) M215.00 – Revised general notes. 

22) M216.00 – Revised general notes. 
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23) M221.00 – Revised water piping location. Included existing water softeners and booster pump. 
Revised tag note. 

24) M222.00 – Revised RO and CIP location. Revised make up water, soft water and soft permeated 
water piping location. Revised tag notes. 

25) M223.00 – Revised general notes. 

26) M224.00 – Revised RO and CIP location. Revised make up water, soft water and soft permeated 
water piping location. Revised tag notes. 

27) M225.00 – Revised general notes. 

28) M226.00 – Revised general notes. 

29) M231.00 – Revised RO and CIP location. Revised make up water, soft water and soft permeated 
water piping location. Revised tag notes. 

30) M232.00 – Revised RO and CIP location. Revised make up water, soft water and soft permeated 
water piping location. Revised tag notes. 

31) M301.00 – Revised RO and CIP location. Revised make up water, soft water and soft permeated 
water piping location. Revised tag notes. 

32) M302.00 – Revised RO and CIP location. Revised make up water, soft water and soft permeated 
water piping location. Revised tag notes. 

33) M303.00 – Revised RO and CIP location. Revised make up water, soft water and soft permeated 
water piping location. Revised tag notes. 

34) M304.00 – Revised general notes. 

35) M305.00 – Revised general notes. 

36) M401.00 – Revised existing make up water and soft water piping removal work. Included existing 
water softeners and booster pumps. 

37) M402.00 – Revised RO and CIP location. Revised make up water, soft water and soft permeated 
water piping work. 

38) M403.00 – Added CIP process flow diagram. 

39) M502.00 – Revised detail 11 & 17. 

40) M503.00 – Removed detail 19. Added PRV station details. 

41) M504.00 – Revised details. 

42) E001.00 – Revised power symbol list. 

43) DE101.00 – Added fans removal, revised key note. 

44) E201.00 – Added fan work, revised key notes. 

45) E202.00 – Revised RO and CIP locations. 
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46) E203.00 – Revised RO and CIP location. 

47) E401.00 – Revised single line diagram and feeder schedule. 

48) E501.00 – Revised panel schedule. 

49) E601.00 – Added details. 
 
E. PHOTOS (ATTACHEMENT III): 

1) See attachment for photos. These photos are for reference only. Contractor to examine 
contract drawings, specifications and attend pre-bid site visits to acclimatize about the site 
conditions prior to bidding. 

 
F. LIST OF PLAN HOLDERS (ATTACHMENT IV): 
 

1)  In lieu of the pre-bid conference and site visit attendance sheets, the list of plan holders is 
provided for information purpose only. 

 
G. RESPONSE TO CONTRACTORS’ QUESTIONS: 
 

1. We assume all work can be done during normal work hours please confirm. 

Response: Please see section I: Scope of Work – A. Construction Services.4. Daily work 
schedule. 

2. We assume all phased work can be done during any season during the year please confirm. 

Response: Yes. All the work can be done during any season during the year. 

3. Drawing SHT 8 indicates for the contractor to hire a commissioning agent this is usually 
taken care of by the owner please confirm this is your intent. 

Response: Contractor shall include hiring of a third-party commissioning agent in their bid. 
Commissioning agent shall report directly to DOC. 

4. Please advise who the Controls Vendor is for the Powerhouse. 

Response: Control Associates is the existing control vendors. 

5. The Control Specification talks about a DDC system please advise if the is a DDC or PLC 
system. 

Response: System to be PLC system.  

6. Specification 230593-13 talks about vibration testing please advise if this is applicable for 
this project and if so what equipment would this apply to . 

Response: Vibration testing is not required. 

7. Please advise if the Owner will be doing the field XRAY testing where applicable. 

Response: All testing shall be done by contractor. 



Visit NEW YORK’S BOLDEST on the Web at: www.nyc.gov/boldest 
                                                                    Addendum #5- 072202001CPD (Agency pin) 

8. Drawing SHT-5 Indicates to relocate a container box, Please confirm that contents will be 
removed by the house. 

Response: Contents of the container box will be removed by DOC. 

9. Drawing SHT-8 seems to indicate that we can only use Scheduled equipment please advise. 

Response: All equipment can be provided with approved equal. 

10. Is there any Vibration Isolation required for any of the equipment on this project? 

Response: All pumps would require isolators.  

11. Please advise if it is your intention to water balance any system on this project. 

Response: Yes, water balancing is required for water systems including but not limited to 
make up water, condensate return, etc.   

12. Drawing Sheet 48 Pump Detail indicates a Flow Meter. Is this for the Boiler Feed Pumps? 
Can we provide Circuit Setter type Balancing Valves with portable Meter in leu of Flow 
Meter?  

Response:  Contractor to provide flow meter as indicated. It is required for boiler feed 
pumps, condensate pumps, RO system pumps and chemical feed pumps. Cicutir seeter with 
prtable meteris acceptable as long as it is approved equal type as defined under response to 
item #34. . 

13. Drawing Sheet 49 calls for an Overflow Drainer please advise on a make and model# . 

Response: Overflow Drainer to be Warren 6” #313 or approved equal and furnished by 
Deaerator manufacturer. 

14. I did not see an alternate price on the bid form associate with Alternate called for on 
Drawing SHT-42 please update bid form.  

Response: See updated bid sheet on addendum#5. 

15. Drawing Sheet 48 shows a drain trough. Is this Existing? If new please provide detail. 

Response: The drain trough is existing. This detail is not applicable to the project and is 
deleted in addendum #5 - Drawings. 

16. There is a specification  232223-5 on Steam Separators yet I could not locate them on the 
drawing we assume this is not applicable please confirm. 

Response:  Steam Separators is not required for this project. 

17. Will there be space to set up a field office? 

Response: Yes, Location to be coordinated between the awarded contractor & DOC- 
Construction Management Unit.. 

18. Please confirm the Guaranty requirements for this project the spec. conflicts between 1 & 2 
Years . 

Response: Warranty/Guaranty (labor and material) shall be for two years unless longer 
warranty periods are specified on the specification book. In this case, the longer warranty 
period shall prevail.  

19. Please refer to Drawing M002.  General Note #33 states that the manufacturers to be used 
for the project shall be those listed in the drawing schedules only and all other 
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manufacturers mentioned in the specifications shall be used under special circumstances 
only such as lead time or discontinuation of the scheduled product.  Based on this language 
it appears that certain products are to be sole sourced as indicated on the drawing 
schedules.  Please clarify. 

Response: General note #33 is clarified, please see addendum#5 - Drawings. Manufacturer 
on the schedule is used as a basis for design. As per specifications, contractor can use listed 
manufactures and/or approved equal and shall be subject for review prior to approval by 
DOC. 

20.  Please provide the attendance / sign-in sheet for the Pre-Bid Site Visit on 10/16/20. 

Response: See Attachment IV for the list of plan holders. 

21. Drawing M002.00 phasing note 7 indicates "For all phasing work detail, see drawing 
M101.00.  This is for reference only.  Final phasing work shall be based upon DOC 
approval of a final plan and schedule."  The drawings and specifications do not indicate 
which equipment, systems, or minimum capacities are to be maintained in service 
throughout the project.  Based on conversations during the site walk thru, it appears that 
various systems and equipment do have specific work restrictions as is relates to 
service/shutdowns/etc.  Please provide a detailed breakdown of the various work restrictions 
related to maintaining plant operations so the Contractor can develop its phasing plan. 

Response: Shutdown of service shall be maximum of eight (8) hours with minimum one (1) 
week of notice prior to any shut-down. Contractor shall coordinate shutdown with DOC and 
request written approval from DOC prior to any shut-down.  

22. Spec section 22 67 00: Section 1.3; Par. C. calls for a Design Flow of 300 gpm.  Per the 
Equipment Schedule on Drawing M004.00, the Specified Model is a 65 gpm R.O. Unit.  
Please clarify the correct Model and/or GPM required. 

Response: Design Flow shall be 300 GPM. See Addendum#5- drawing.  

23. Please provide the engineer's estimate for the project.  

Response: Engineer’s Estimate including add alternate items work is in the range of 
$9,000,000.00.  

24.  In order for the bid teams to provide the most competitive pricing, please provide a 360-
degree view of each of the areas where work is to be performed including proposed access 
locations. 

Response: See photos included with addendum #5 – Attachment III. 

25. Please advise can a staging area for contractors be available. 

Response: Stagging area can be available for contractors. Location will be coordinated 
between the awarded contractor & DOC-Construction Management Unit. 

26. During walkthrough we saw a 20-yard storage container by the powerhouse where we are 
making an opening. Can this be moved by the facility OR it should be done by the 
contactor? Please advise 

Response: As shown on drawing A-101, Part Plan 3 “Deaerator Room Floor Plan – 
Demolition”,  the existing Container Box used as storage shall be relocated by contractor 
within 400 yards of its present location with NYCDOC determining its new location. The 
container box as shown is revised in addendum to show on Part Plan 1 “Pump Room Floor 
Plan Demolition. 
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27. As there will multiple tie-ins to the existing steam and condensate piping. What would be 
the down time for the tie-in work. 

Response: See response for Q# 21. 

28. Please provide list of contractors bidding the job. 

Response: See response to Question #20.  

29. Would there be any pictures available for the contractor showing the locations of the 
existing equipment? 

Response: Please see addendum#5 – Attachment III. 

30. Please advise on working hours. 

Response: Please see response to Q#1. 

31. How much time that we can anticipate for security checks daily for the workers to get in to 
the facility? 

Response: The process depends on the number of workers in-line at the time but usually 
takes less than 15 minutes. Please note that the DOC requires the Contractors to use an 
employee bus to transport their work crews to and from the work site at Rikers.  Clearances 
will be accepted and processed monthly for long-term workers. 

32. Can you send us the plan holders list or point me in the right direction? Do you happen to 
have a bidders list for this project?  

Response: See response to Question #20. 

33. Drawing M-402 shows 4” boiler feed discharge and a 10“ boiler feed suction however 
drawing M-201 indicates a 6” boiler feed discharge (tag #24) and 6” boiler feed suction (tag 
#21). Also drawing M-201 (tag #22) indicates a 6” suction manifold, which cannot be 
correct. Please revise the drawings and coordinate the desired sizes. 

Response: See revised sizes in drawings as part of Addendum 5.  

34. Is Superior Boiler an accepted alternate manufacturer for the Deaerator & Surge Tank 
Units? 

Response: Manufacturer on the schedule is used as a basis for design. As per specifications, 
contractor can use listed manufactures and/or approved equal and shall be subject for 
review prior to approval for equivalency.DOC decision on equivalency shall be final and 
binding. 

35. Is Johnston Boiler an accepted alternate manufacturer for the Deaerators & Surge Tank 
Units? 

Response: See response to item #34 

36. The written specification Section 23 50 11 calls for a traditional carbon steel tank with 
stainless steel internals which is typical for the DA & Surge Tanks. The DA & Surge Tanks 
schedule on the drawings calls for SS tanks. Full SS tanks are unnecessary as the water that 
it sees is chemically treated and deoxygenated. Please clarify the construction. 

Response: Surge tanks shall be ASME constructed of Stainless Steel while Deaerator Tanks 
are constructed of Carbon Steel for 50# ASME @300 Degrees F and guaranteed level .005 
level of deaeration. 
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37. If the DA & Surge Tanks are supposed to be SS, the post load heat treat called for in the 
spec would be unnecessary. This heat treat is meant for CS Tanks. Please confirm/clarify. 

Response: See response to item #36;  

38. Is Grundfos and acceptable alternate to the Shipco pumps specified? 

Response: See response to item #34 

39. Specification Section 23 50 11 Paragraph 2.01 calls for Spray Style DAs, but then calls for 
Tray Style in the same section. Please confirm which style is required. 

Response: Deaerator to be Spray Style which includes 304L Stainless Steel spray box with 
Trays.  See revision to specification in Addendum #5. 

40. Drawing M-503 (Detail 19) shows Schematic Automatic Boiler Surface Blowdown Piping. 
Is this part of the project? It is my understanding that the boilers are not part of this project 
and the existing boilers are water tube boilers so this would not apply. Please confirm. 

Response: Automatic Boiler Surface Blowdown Piping is not required. Detail deleted in 
Addendum #5drawing. 

41. Drawing M-502 (Detail 17) shows Boiler Feed Water Assembly Detail. Is this part of the 
project? If so, what control valve is specified on the schedule? 

Response:  See revisions to detail in addendum#5 

42. Drawing M-502 (Detail 11) shows Boiler Feed Water (BFW) Pressure Regulating Valve 
Assembly. Is this part of the project? If so, what BPRV is specified on the schedule? 

Response: See revisions to detail in addendum#5 

43. Drawing M004.00 calls out BACnet communication and note every DA and Surge Tank 
shall have its own control panel. Please confirm that each tank shall have its own control 
panel. 

Response: Each tank shall have its own control panel. 

44. Drawing M005.00 calls out six (6) boiler feedwater pumps (75HP, 460VAC), and six (6) 
condensate pumps (20HP 460VAC). It also calls out isolation valves but does not call out 
type or brand. 

Response: Basis of design for the six (6) Boiler Feedwater Pumps are based on Goulds 
66SV61NT4C66N R and the six (6) Condensate Pumps are based on Ship Co 132++D 
Horizontal DH. Isolation valves are based are to be based on specification. Approved 
equals shall be based upon equivalency as indicated in response to item #34. 

45. Drawing M005.00 also calls out a total of forty (40) Vanessa steam shut off valves but I did 
not find the source of control for these valves. Are these valves controlled by a Plant Master 
or Boiler control not shown? 

Response: These steam shut off valves are manual valves  to replace existing shutoff valves 
connected to existing HPS Header serving the existing boiler and no they are not controlled 
by boiler control. 

46. Drawing M301.00 for the surge tank shows the single 6” modulating valve assembly we are 
controlling on each surge tank controller (total of two Surge tanks) 

Response: Correct. 6” modulating valve for each surge tank. 
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47. Drawing M303.00 for the Deaerator tank shows two (2) each 4” modulating valve 
assemblies on each DA tank controller (total of three DA tanks) but drawing M504.00 
shows only one 6” modulating valve assembly on each DA tank. 

Response: Provide two 4” lines as shown on M303. See addendum #5 – Drawings  for 
detail revision.  

48. Drawing M403.00 calls out Modbus RS-485 while Drawing M004.00 calls out BACnet. 
Which is correct? 

Response: Control shall be Bacnet as shown on schedules. See addendum drawing M-403. 

49. Spec 23 05 14 page 3, Variable Frequency Drives call out several popular brands “or 
approved equal”. Would Danfoss be an acceptable alternate? 

Response:  See response to item #34. 

50. Spec 23 05 14 page 9 calls for a VFD communication chip without noting the protocol. 
Please specify. 

Response: Bacnet based protocol. 

51. Spec 23 05 14 page 8 calls out NEMA 1 VFD drives satisfactory for indoor applications 
while Spec 23 50 11 page 9 calls out NEMA 4. Please clarify which it is to be. 

Response: Provide NEMA 4 enclosure suitable for operation at -4 to 158 degrees F with 
100% humidity. 

52. Spec 23 05 19 page 3 mentions “Foxboro” as acceptable transmitter. Page 3 also describes a 
flow meter that could possibly be an orifice plate with DPT. Page 5 calls for turbine flow 
meters. We have found Foxboro Vortex transmitters superior in long term reliability and 
maintenance to turbine-type flow meter. 

Response:  Any approved equal type shall be submitted as shop drawing for approval 
during construction. See response to item #34. 

53. Spec 23 50 11 mention water level controls and modulating valves without enough 
information to quote. Please provide clarification so that we may provide the specified 
equipment. 

Response:  Assembly consist of Siemens or approved equal Transmitter and Belimo or 
approved equal Stainless Valve and Stainless Wye Strainer. 

54. Spec 23 09 93 page 2 mentions including two (2) DPT transmitters per “VFD pumping 
system”. I assume the VFD pumping system to mean each individual tank controller, but it 
is not clear. Please confirm. 

Response: Per “VFD pumping system” refers to each “pump”. 

55. I would Like to Request you the Pictures of the whole project and the electronic copies of 
drawings and Signed in sheet. 

Response: Please see addendum#5 – Attachment III. 

56. Regarding direct digital / automatic temperature controls please confirm new BMS system is 
not to tie-into any existing BMS system on this project. 

Response: New Controls shall tie into existing Emerson Delta V control system. All control 
system components installed in the project shall be capable of being fully compatible, 
connectable and communicable with the existing Emerson Delta V control system. 
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Contractor shall provide all programming codes and software of the system installed in the 
project to DOC prior to project completion.  

57. Please confirm floor drains are existing and to be re-used. 

Response: Contractor to reuse existing floor drains unless shown otherwise on the 
drawings. 

58. Please provide schedules / specification for soft water piping, RO / permeate water piping 
and chemical feed pipes. 

Response: See addendum #5 drawings and specifications.  

59. Please confirm chemical feed metering pumps are typical for 8 as it is called for on M-402 
flow diagram. 

Response: Please see addendum drawing#5 for clarification.  

60. On drawing M502 detail No. 12, 13 and 14 show new drip traps at existing steam 
condensate risers, existing steam supply risers and existing horizontal end of steam main but 
we cannot find this scope on the mechanical plans. Could you please provide location on 
mechanical plans where detail No. 12, 13 and 14 applies? 

Response: See addendum #5 drawings for location of steam traps  

61. Please clarify if detail #19 schematic automatic boiler surface blowdown piping on drawing 
M-503 is to be included as this scope is not indicated on mechanical plans. 

Response: Automatic boiler blowdown piping not part of scope and is deleted in Addendum 
#5 drawings. 

62. I didn’t notice a specification on plumbing piping and insulation please advise. 

Response: See addendum #5 for plumbing piping and insulation. 

63. There are numerous Steam Regulating Valve see M402 please provide manufactures and 
model# information. 

Response: Steam modulating valves are as responded to item 53. See addendum #5 
drawings for pressure reducing valves. 

64. The pre-bid meeting is scheduled for 10-15-20.  After the meeting, please provide a list of 
the companies that participated in the Pre-bid Meeting. 

Response: See response to Question #20. 

65. The site tour visit is scheduled for 10-16-20.  After the site tour meeting, please provide a 
list of the companies that participated in the Site Tour Visit. 

Response: See response to Question #20. 

66. Please provide bidders with a list of plan holders for this project. 

Response: See response to Question #20. 

67. Please consider extending the due date for RFI’s to give bidders time to absorb the 
information from both the pre-bid and site tour meetings, and properly submit questions. 

Response: The bid due date has been extended to January 11, 2021 at 12PM. Refer to 
Addendum No. 4 for additional details.  
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68. As per drawing M-301.00 note 1 and 2, do you mean to use the word “Install” instead of 
“Installed” under “Scope of Work On this Drawing”? It is confusing as this sentence makes 
it seem as the items following that word have already been installed. We would like 
clarification as to the scope. The same could be asked for M-302.00 and M-303.00 Scope of 
Work Sections throughout the M drawings. M-301.00 was used as an example. 

Response: See Addendum #5 drawing revised to clarify. 

69. As per drawing M301.00 part plan 3, there are aren’t any symbols that explicitly dictate 
where the new work begins and ends. It seems to show only bolded valves and fittings are to 
be replaced. This is also true for drawing M-303.00 part plan 1. Can you please clarify. 

Response: New work are shown as darker color as indicated on the symbol list. Symbol of 
point of connection are shown to indicate where new work connects to existing. 

70. Please refer to the bid book and the notice of solicitation.  The bid book lists the bid 
submission time to be 11:00 A.M. while the notice of solicitation has a bid due time at 2:00 
P.M.  Please clarify. 

Response: Refer to Addendum No. 4 for the bid due date and time. 

71. Please confirm 2nd tier participation (both subcontractors and vendors) will be able to 
counted towards MWBE participation on this project. 

Response: Yes, indirect ( 2nd tier) subcontractors can be counted towards M/WBE goals if 
proper documentation/payment vouchers are submitted to the agency.  

72. The contract drawings do not indicate any approved staging and/or laydown areas  for 
trailers, materials, equipment, dumpsters, etc.  Please clarify. 

Response: Please see response to Q#25. 

73. Please provide the specification section for the rollup doors. 

Response: See specification section 08 33 00 in Addendum#5. 

74. Please refer to Article 9. Progress Schedules of the Standard Construction Contract.  The 
section requires the contractor to submit a CPM schedule but there is no specification 
section with the detailed requirements such as software, resource loading, submission 
frequency etc.  Please clarify  

Response: CPM schedule requirement will be coordinated between the awarded contractor 
& DOC-CMU. Contractor to submit copies of both pdf and original software file. Files to 
be updated monthly. 

75. Please refer to Specification Section 07 25 00 Roof Flashing and Related Roof Repair 
Work.  The drawings do not indicate that there is any contract work on the roof or 
penetrating the roof.  Please clarify. 

Response:  Spec. Section 07 25 00 is not required since there is no roofing work. 

76. Please refer to the mechanical drawings, specifications, and the painting specification.  
Based on the referenced documents, it is unclear what mechanical piping and equipment is 
to be painted.  Please provide a schedule indicating what piping and equipment is to be 
painted for this project. 

Response: All new piping work are to be painted. Any equipment paint damaged during 
installation shall be touched and finished..   
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77.  The contract documents do not indicate that the contractor has to provide any temporary 
services for the resident engineer and/or owner such field offices/trailers, cleaning, 
furniture, equipment, etc.  Please confirm these and any other similar services are not 
required 

Response: These services are not required. 

78. Drawing M004.00 – Pressurized Deaerator Tank Schedule:  the DA tank operating weight 
on schedule says 18,000lbs. The DA tank at half full of water will weigh 35,000 lbs.  Please 
note these deaerators will be close to 70,000 lbs operating. 

Response: Operating weight clarified in addendum#5. The equipment is replacing existing 
equipment of comparable weight.. 

79. Drawing M004.00 – Pressurized Deaerator Tank and Surge Tank Schedule – Note 1:  Please 
confirm materials of construction for the deaerators and surge tanks.  Note 1 states stainless 
steel, but the specification (23 50 11 Paragraphs 2.01 D.1.b. and 2.02 C.2.) state carbon 
steel. 

Response: See response to Q#36. 

80. Drawing M004.00 – Pressurized Deaerator Tank and Surge Tank Schedule – Note 2:  Please 
advise if there are any specific requirements for the PLC Controls?  Is Allen Bradley 
acceptable? 

Response: All products and equipment can be provided with approved equal. All substitutes 
will be subject to review for equivalency and compatibility. Also see response to item #34. 

81. Specification 23 50 11 – Paragraph 2.01 C.:  Please confirm 20 minutes storage on 
deaerators.  This would equate to approximately 8400 gallons per tank, but the schedule lists 
4430 gallons per tank. 

Response: Tank capacity revised to 13,290 gallons in addendum#5 drawings. 

82. Specification 23 50 11 – Paragraph 2.01 D.1.a.:  Please confirm 150psig pressure rating on 
the deaerator?  Typically a 50 psig pressure rating is provided for a tank with a working 
pressure of 3-5 psi. 

Response: The Deaerator Tank is rated for 50PSIG at 300-degree F. 

83. Specification 23 50 11 – Paragraph 2.01 D.2.-4.:  Please confirm a spray deaerator is to be 
provided as described in Paragraph 2.01 A. and as depicted on the drawings.  These 
paragraphs describe a tray type, packed column, and spray type deaerator. 

Response: Spray deaerator shall be provided. 

84. Specification 23 50 11 – Paragraph 2.02 C.3.:  Please clarify surge tank design pressure, 25 
psig or 50 psig. 

Response: The design pressure of the Surge Tank shall be 50 PSIG. 

85. Specification 23 50 11 – Paragraph 2.02 G.:  Please confirm requirement of interior coating.  
We assume interior coating is not required if the surge tank construction is stainless steel 
(see RFI #2 above). 

Response: Surge Tank is Stainless Steel and shall not require coating. 

86. Specification 23 22 23 – Paragraph 2.01.:  The specification calls for a mechanical type 
Spence Type ED steam pressure reducing valve, but the Steam Pressure Reducing Valve 



Visit NEW YORK’S BOLDEST on the Web at: www.nyc.gov/boldest 
                                                                    Addendum #5- 072202001CPD (Agency pin) 

Schedule on M005.00 calls for pneumatic Fisher Controls valves.  Please clarify the 
required pressure reducing valve type. 

Response: Steam Pressure Reducing Valve to be provided as shown on schedule or its 
approved equal. See response to items # 34 on equivalency. As a add alternate, provide a 
separate price for Fisher Controls Valve. See addendum documents. 

87. During the walk through there was to be an addendum issued in order to address some 
questions about the bid and one in particular was that an Engineer’s estimate was to be 
provided. Please provide this information. Thank you.  

Response: Please see response to Q#23. 

88. Specification 00 01 50 – Section B provides a list of drawings that are not shown nor 
provided in the drawings set nor on its cover sheet. Furthermore, the drawing set lists and 
has drawings that are not listed in this spec section within the project manual. Please advise. 
List below shows the discrepancies: 

Response: See addendum#5 documents for clarification on the drawing list. 

89. Drawings listed in Spec and NOT in the drawing set: M200, M207, M208, M210, M217, 
M218, M220, M227, M228, M230, M233, M234 & M235, respectively.  

Response: See response to item #88. 

90. Drawings NOT listed in Spec and in the drawing set:  M306, M403, S100, S200, S201, 
S300. 

Response: See response to item #88.  

91. The equipment schedule on dwg M004.00 has a model number for the Reverse Osmosis 
Filtration System of MRO-94K-8H with required dimensions, HP, Membrane Qty, and 
weight; however, when reviewing this information on the Manufacturer's website for this 
particular model, the information is substantially different. Please clarify. 

Response: Reverse Osmosis Filtration System revised to clarify in addendum#5 drawing. 

92. The equipment schedule on dwg M004.00 Note 1 states that the CIP Skid shall be shipped in 
piece and assembled in field.  All components shall fit through existing service hatch down 
to tank level on barge.  Please clarify. 

Response: Note 1 on drawing M 004.00 revised in addendum#5 to read “CIP shall be 
shipped in pieces and assembled on site/field. Contractor to verify location prior to 
delivery. 

93. Please refer to Drawing A-101 and the Mechanical Phasing Drawings.  The drawings show 
the removal of the existing exterior wall at both the pump room and deaerator room to 
facilitate construction and for the new roll up door.  Please verify that this the only location 
where the contractor is to alter the structure to provide access to the powerhouse and any 
additional access openings will be treated as a change condition? 

Response: Please see architectural drawings for full scope. The scope includes removal of 
exterior wall to the Pump Room (Level 15’00”) and Deaerator Room (Level 35’4”), 
provision of roll up doors at both locations, removal of existing partitions in Storage, 
provision of new door in that room wall, etc.as shown in A-101.00. See addendum#5 
drawing for additional scope. 
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94. The drawings do not show any specific interior elements (walls, slabs, etc.) to be modified 
to create access within the Powerhouse.  Please verify that it is the owner's intent that the 
Powerhouse structure should not be altered other than what is shown in the permanent 
condition and any such work required will be treated as a contract change as no as-built 
drawings/details etc. have been provided to accurately engineer any temporary measures. 

Response: See response on item #93.  

95. Will silencers be required?  If so please provide specifications. 

Response: No silencers required. 

96. Some of the PRV’s are set up to be two control valves in series, the first with 150 psig inlet 
and 70 psig outlet and that flows into the second from 70 psig to 10 psig.  However please 
note that many of these do not have the same capacity in the schedule and this is impossible.  
For example, PRV-3 has a required capacity of 12,200 lb/hr and PRV-3A has a required 
capacity of 9,500 lb/hr.  There are many others like this.  This issue needs to be cleared up 
before ordering these valves as one of these capacities is not correct.  Please clarify which is 
correct in each instance. 

Response: See addendum #5 drawings for PRV schedule. 

97. We have looked through the drawings and found existing pipe sizes for the inlet and outlet 
of these PRV’s and this also leads us to believe that some of the required capacities are 
incorrect.  For example, PRV-10A has an outlet flow rate of 105,000 lb/hr.  The calculated 
pipe size for this flow at 10 psig is 28”.  On the drawings it lists just a 14” pipe and this 
much steam will not flow in that size pipe.  We have found other examples of this with both 
undersized and oversized inlet and outlet piping.  Please correct these discrepancies. 

Response: See addendum#5 drawings for PRV schedule. 

98. Please refer to Drawing A-101.  The drawing shows multiple partitions and exterior walls to 
be removed.  Please provide the following: As-built details of the exterior wall and various 
partitions so they can be priced accordingly (masonry, drywall, height, thickness, etc.) 
Photographs showing each of the locations to be demolished. 

Response: The existing construction where modifications are required are shown in 
structural drawings. Pictures will be provided for these areas. 

99. Please refer to Architectural Drawings A-101 and A-102.  Detail 4/A-101 states that the wall 
opening at the deaerator room is to have a roll down gate.  Section Detail 4/A-102, however, 
shows the roll down gate only extending to the ceiling of the pump room and the area above 
to receive new CMU to close the opening at the deaerator room.  Please verify if there is to 
be only one (1) roll down gate and Section Detail 4/A-102 is correct. 

Response: There will be two (2) new roll down gates; one (1) for the Pump Room (level 
15’00”) and one (1) for Deaerator Room Level 35’4”). See addendum#5 drawings. 
  

100. Please refer to Drawing T003 and the Bid Form.  Drawing T003 mentions Add Alternate #1 
to provide new 4" boiler feed piping and connect to the existing boiler feed to co-gen plant 
but this is not addressed on the bid form / schedule of prices.  Please clarify. 

Response: Add Alternate #1 to be added on bid form/schedule of prices. See revised bid 
sheet on addendum#5. 
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101. Please refer to Details 1 & 2 on Drawing A-101.  The detail shows the installation of two 
new interior doors in existing walls but there is no door specification with the detailed 
specs.  Please provide. 

Response: Details and specification of two (2) new doors in existing walls is provided on 
drawing A-101. See addendum#5 drawings for clarification. 

102. Is there an existing BMS/BAS?  If so, please provide contact info. 

Response:  See response to item #56  

 
 
Please note: The due date for Requests for Information (RFIs) has passed and no further 
questions will be accepted. 
 
 
 
 
Please sign below in acknowledgment of this addendum and submit this addendum with your bid. 
 
 
 
       ____________________________ 
       Agency Chief Contracting Officer 
 
I acknowledge receipt of this addendum. 

 
______________________________________________________ 
Bidder/Company Name (Print)  
 
______________________________________________________ 
Authorized Representative (Print Name) 
 
______________________________________________________ 
Authorized Representative (Signature)  Date 
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	Item A. LUMP SUM PRICE TO PERFORM THE WORK
	Item B. ALLOWANCES: $15,000.00
	GRAND TOTAL BID PRICE in FIGURES (Item A + Item B + Add Alternate #1 + Add Alternate #2):
	$ . .
	Notes:
	BID BREAKDOWN
	LIMITATIONS ON USE OF BID BREAKDOWN:
	INSTRUCTIONS FOR PREPARING BID BREAKDOWN:
	BID BREAKDOWN
	NOTE: This is not the bidder’s bid price. This bid breakdown total is for $
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	No Further Text on This Page.
	IV.   BIDDER'S IDENTIFICATION OF SUBCONTRACTORS
	NOTICE TO BIDDERS
	BIDDER'S IDENTIFICATION OF SUBCONTRACTORS
	VI. BIDDER’S CERTIFICATION OF COMPLIANCE WITH IRAN DIVESTMENT ACT
	ENGINEERING UNIT
	Flat Paints and Coatings:  VOC not more than 50 g/L.
	Non-Flat Paints and Coatings:  VOC not more than 150 g/L.
	Anti-Corrosive Coatings:  VOC not more than 250 g/L.
	Varnishes:  VOC not more than 350 g/L.
	Clear Floor Finishes:  VOC not more than 100 g/l.
	Waterproof Sealers:  VOC not more than 250 g/l.
	Sanding Sealers:  VOC not more than 275 g/l.
	All other Sealers:  VOC not more than 200 g/l.
	Stains:  VOC not more than 250 g/L.
	Aromatic Compounds:  Paints and coatings shall not contain more than 1.0 percent by weight total aromatic compounds (hydrocarbon compounds containing one or more benzene rings).
	Restricted Components:  Paints and coatings shall not contain any of the following:
	Acrolein.
	Acrylonitrile.
	Antimony.
	Benzene.
	Butyl benzyl phthalate.
	Cadmium.
	Di (2-ethylhexyl) phthalate.
	Di-n-butyl phthalate.
	Di-n-octyl phthalate.
	1,2-dichlorobenzene.
	Diethyl phthalate.
	Dimethyl phthalate.
	Ethylbenzene.
	Formaldehyde.
	Hexavalent chromium.
	Isophorone.
	Lead.
	Mercury.
	Methyl ethyl ketone.
	Methyl isobutyl ketone.
	Methylene chloride.
	Naphthalene.
	Toluene (methylbenzene).
	1,1,1-trichloroethane.
	Vinyl chloride.

	1.01 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including other Division 01 Specification Sections, apply to this Section.

	1.02 DESCRIPTION OF WORK
	A. Furnish material, equipment, labor, services required to provide for cast-in-place concrete in accordance with the Contract Documents.  The Contract Documents are as defined in the Division 01 General Requirement.  Division 01 shall apply to all wo...
	B. Work includes but is not limited to structural slabs, concrete fire protection, and installation of miscellaneous inserts, waterstops, vapor barriers, toppings, expansion joints and other items listed herein.  Allow ample time and facility for the ...

	1.03 PRODUCTS INSTALLED BUT NOT FURNISHED UNDER THIS SECTION
	A. Anchor bolts and other anchors cast into concrete - Section 05 12 00
	B. Wedge inserts and other miscellaneous items cast into concrete - Section 05 50 00
	D. Joint Sealers - Section 07 90 00
	E. Sleeve for pipe and conduit, other items Cast into concrete - Divisions 22, 23, and 26

	1.04 RELATED SECTIONS
	A. General Requirements - Division 1
	B.  Thermal & Moisture Protection – Division 7
	1.05 REFERENCES
	References and industry standards listed in this Section are applicable to the Work.  Unless more restrictive criteria or differing requirements are explicitly stated in the Specifications, or mandated by governing codes or regulations, the recommenda...
	American Society of Testing and Materials (ASTM) standards, latest editions.

	E329 Standard Specification for Agencies Engaged in the Testing and/or Inspection of Materials used in Construction
	American Concrete Institute (ACI) standards, latest editions.
	American Association of State Highway and Transportation Officials

	1.06 DEFINITIONS
	A. Exposed to view
	1. Situated so that it can be seen from eye level from a public location.  A public location is that which is accessible to persons not responsible for operation or maintenance of the building.

	B. Lightweight concrete
	1. Concrete intentionally made to have low density by use of lightweight aggregate conforming to ASTM C330 and required to have an air-dry unit weight less than 115 lb/ft3.

	C. Normal weight concrete
	1. Concrete for which density is not a controlling attribute, made with aggregates of the types covered by ASTM C33 and usually having unit weights in the range of 135 to 150 lb/ft3.


	1.07 DESIGN REQUIREMENTS
	A. Performance Characteristics:
	1. Interior slabs on grade:  Normal weight concrete with a minimum compressive strength of 4500 psi, non-air entrained, and a maximum water to cement ratio of 0.40.
	2. Interior slabs of superstructure: Lightweight concrete with a minimum compressive strength of 4500 psi, non air-entrained, and a maximum water to cement ratio of 0.40.
	3. Concrete parapet:  Normal weight concrete with a minimum compressive strength of 4500 psi, air-entrained and a maximum water to cement ratio of 0.40.


	1.08 SUBMITTALS
	A. Product Data - Submit manufacturers' information for the following:
	1. Admixtures
	2. Curing compounds
	3. Hardener
	4. Bonding Agent
	5. Rigid void former - high strength extruded polystyrene rigid insulation board.

	B. Quality Control Submittals
	1. Design Data:  Submit design mixes for concrete, including list of admixtures to be used, to the Testing Agency, the Engineer for Controlled Inspection, and the Engineer of Record.  Design mix for lightweight concrete shall include both the dry and ...
	2. Test Reports:  Strength Test Report (28 day) for preliminary trial mix (with all admixtures).
	3. Certificates
	a. Approval for the admixtures and cement used.
	b. Admixture manufacturer's certificate stating that the chloride content of the admixture will not exceed 0.05% by weight.
	c. Concrete laboratory license number and certification of meeting ASTM E329 standards.
	d. Concrete producer’s certificate stating the plant and trucks are DOT approved.
	e. Concrete producer's certificate must be presented at site before concrete is placed in accordance with the Building Code

	4. Manufactures' Instructions
	a. Waterstop manufacturer's instructions for proper installation of waterstop, including manner in which splices are to be made.

	5. Contractor Qualifications
	a. Provide proof of Installer and Producer qualifications specified under “Quality Assurance”.


	C. Survey
	1. Submit signed and sealed copies of surveys conducted by a Licensed Land Surveyor showing elevations of all finished slab surfaces taken on a 15-foot grid pattern. Indicate discrepancies between contract elevation and actual.


	1.09 QUALITY ASSURANCE
	A. Qualifications
	1. Concrete Installer:  Company specializing in performing the Work of this Section shall have three years minimum experience on successful projects of similar size.
	2. Concrete Producer:  Company specializing in the production of concrete shall have a minimum of five years experience and shall be State DOT approved plant and use DOT approved trucks.
	3. Concrete Laboratory:  Concrete laboratory providing design mixes shall be New York State licensed and shall meet the requirements of ASTM E329.

	B. Regulatory Requirements
	1. Building Code:  Work of this Section shall conform to all requirements of the Building Code and all applicable regulations of governmental authorities having jurisdiction including safety, health, noise, and anti-pollution regulations.  Where more ...
	2. Industry Standards:  The ACI Standards listed under references apply to Work of this Section. Where more severe requirements then those contained in the Standards are given in this Section or the Building Code, requirements of this Section or the B...
	3. Recommendations or suggestions in the codes and references listed in this Article and under “References” shall be deemed to be mandatory unless they are in violation of the Building Code.

	C. Certifications
	1. Cement and aggregate shall be acquired from the same source for all work.

	D. Coordination
	1. Coordinate this work with the work of other Divisions so that items to be installed are done so correctly and in proper sequence.

	E. Pre-Concrete Conference
	1. At least 30 days prior to the start of the concrete construction schedule as otherwise directed, conduct a meeting to review the proposed mix designs and to discuss the required methods and procedures to achieve the required concrete quality.  The ...
	2. Review special inspection and testing and inspecting agency procedures for field quality control, concrete finishes and finishing, cold- and hot-weather concreting procedures, curing procedures, construction contraction and isolation joints, and jo...

	1.10 DELIVERY, STORAGE, AND HANDLING
	A. Protect material from the elements and from other damage on the site.
	B. Replace and pay for material and work damaged to the satisfaction of DOC.

	1.11 ENVIRONMENTAL REQUIREMENTS
	A. Adequately protect concrete placed during rain, sleet, or snow, or when the mean daily temperature falls below 40 F or rises above 90 F as provided in Article 3.05.
	PART 2- PRODUCTS
	2.01 FORM-FACING MATERIALS
	A. Smooth-Formed Finished Concrete:  Form-facing panels that will provide continuous, true, and smooth concrete surfaces.  Furnish in largest practicable sizes to minimize number of joints.
	1. Plywood, metal, or other approved panel materials.
	2. Exterior-grade plywood panels, suitable for concrete forms, complying with DOC PS 1, and as follows:
	a. High-density overlay, Class 1 or better for architecturally exposed concrete.
	b. B-B (Concrete Form), Class 1 or better; mill oiled and edge sealed for conditions not exposed to view

	B. Rough-Formed Finished Concrete:  Plywood, lumber, metal, or another approved material.  Provide lumber dressed on at least two edges and one side for tight fit.
	C. Forms for Cylindrical Columns, Pedestals, and Supports:  Metal, glass-fiber-reinforced plastic, paper, or fiber tubes that will produce surfaces with gradual or abrupt irregularities not exceeding specified formwork surface class.  Provide units wi...
	D. Pan-Type Forms:  Glass-fiber-reinforced plastic or formed steel, stiffened to resist plastic concrete loads without detrimental deformation.
	E. Void Forms:  Biodegradable paper surface, treated for moisture resistance, structurally sufficient to support weight of plastic concrete and other superimposed loads.
	F. Chamfer Strips:  Wood, metal, PVC, or rubber strips, 3/4 by 3/4 inch (19 by 19 mm), minimum.
	G. Rustication Strips:  Wood, metal, PVC, or rubber strips, kerfed for ease of form removal.
	H. Form-Release Agent:  Commercially formulated form-release agent that will not bond with, stain, or adversely affect concrete surfaces and will not impair subsequent treatments of concrete surfaces.
	1. Formulate form-release agent with rust inhibitor for steel form-facing materials.

	I. Form Ties:  Factory-fabricated, removable or snap-off metal or glass-fiber-reinforced plastic form ties designed to resist lateral pressure of fresh concrete on forms and to prevent spalling of concrete on removal.
	1. Furnish units that will leave no corrodible metal closer than 1 inch (25 mm) to the plane of exposed concrete surface.
	2. Furnish ties that, when removed, will leave holes no larger than 1 inch (25 mm) in diameter in concrete surface.
	3. Furnish ties with integral water-barrier plates to walls indicated to receive damp-proofing or waterproofing.


	2.02 STEEL REINFORCEMENT
	A. Recycled Content of Steel Products:  Provide products with an average recycled content of steel products so post-consumer recycled content plus one-half of pre-consumer recycled content is not less than 60 percent.
	B. Reinforcing Bars:  ASTM A 615/A 615M, Grade 60 (Grade 420), deformed.
	C. Low-Alloy-Steel Reinforcing Bars:  ASTM A 706/A 706M, deformed.
	D. Galvanized Reinforcing Bars:  ASTM A 615/A 615M, Grade 60.
	E. Epoxy-Coated Reinforcing Bars:  ASTM A 615/A 615M, Grade 60 epoxy coated, with less than 2 percent damaged coating in each 12-inch (300-mm) bar length.
	F. Steel Bar Mats:  ASTM A 184/A 184M, fabricated from ASTM A 615/A 615M, Grade 60, deformed bars, assembled with clips.
	G. Plain-Steel Wire:  ASTM A 82/A 82M, as drawn.
	H. Deformed-Steel Wire:  ASTM A 496/A 496M.
	I. Epoxy-Coated Wire:  ASTM A 884/A 884M, Class A, Type 1 coated, as-drawn, plain -steel wire, with less than 2 percent damaged coating in each 12-inch (300-mm) wire length.
	J. Plain-Steel Welded Wire Reinforcement:  ASTM A 185/A 185M, plain, fabricated from as-drawn steel wire into flat sheets.
	K. Galvanized-Steel Welded Wire Reinforcement:  ASTM A 185/A 185M, plain, fabricated from galvanized-steel wire into flat sheets.

	2.03 REINFORCEMENT ACCESSORIES
	L. Joint Dowel Bars:  ASTM A 615/A 615M, Grade 60 plain-steel bars, cut true to length with ends square and free of burrs.
	M. Epoxy-Coated Joint Dowel Bars:  ASTM A 615/A 615M, Grade 60, plain-steel bars, ASTM A 775/A 775M epoxy coated.
	N. Epoxy Repair Coating:  Liquid, two-part, epoxy repair coating; compatible with epoxy coating on reinforcement and complying with ASTM A 775/A 775M.
	O. Zinc Repair Material:  ASTM A 780, zinc-based solder, paint containing zinc dust, or sprayed zinc.
	P. Bar Supports:  Bolsters, chairs, spacers, and other devices for spacing, supporting, and fastening reinforcing bars and welded wire reinforcement in place.  Manufacture bar supports from steel wire, plastic, or precast concrete according to CRSI's ...
	1. For concrete surfaces exposed to view where legs of wire bar supports contact forms, use CRSI Class 1 plastic-protected steel wire or CRSI Class 2 stainless-steel bar supports.
	2. For epoxy-coated reinforcement, use epoxy-coated or other dielectric-polymer-coated wire bar supports.
	3. For zinc-coated reinforcement, use galvanized wire or dielectric-polymer-coated wire bar supports.


	2.04 CONCRETE MATERIALS
	Q. Cementitious Material use the following cementitious materials, of the same type, brand, and source, throughout Project:
	1. Portland Cement:  ASTM C 150, Type I Supplement with the following:
	a. Fly Ash:  ASTM C 618, Class F.
	b. Ground Granulated Blast-Furnace Slag:  ASTM C 989, Grade 100 or 120.


	R. Silica Fume:  ASTM C 1240, amorphous silica.
	S. Normal-Weight Aggregates:  ASTM C 33, Class 3S coarse aggregate or better, graded.  Provide aggregates from a single source with documented service record data of at least 10 years' satisfactory service in similar applications and service condition...
	1. Maximum Coarse-Aggregate Size:  3/4 inch (19 mm) nominal.
	2. Fine Aggregate:  Free of materials with deleterious reactivity to alkali in cement.

	T. Lightweight Aggregate:  ASTM C 330, 1/2-inch (13-mm) nominal maximum aggregate size.
	U. Water:  ASTM C 94/C 94M and potable.

	2.05 ADMIXTURES
	V. Air-Entraining Admixture:  ASTM C 260.
	W. Chemical Admixtures:  Provide admixtures certified by manufacturer to be compatible with other admixtures and that will not contribute water-soluble chloride ions exceeding those permitted in hardened concrete.  Do not use calcium chloride or admix...
	1. Water-Reducing Admixture:  ASTM C 494/C 494M, Type A.
	2. Retarding Admixture:  ASTM C 494/C 494M, Type B.
	3. Water-Reducing and Retarding Admixture:  ASTM C 494/C 494M, Type D.
	4. High-Range, Water-Reducing Admixture:  ASTM C 494/C 494M, Type F.
	5. High-Range, Water-Reducing and Retarding Admixture:  ASTM C 494/C 494M, Type G.
	6. Plasticizing and Retarding Admixture:  ASTM C 1017/C 1017M, Type II.


	2.06 WATERSTOPS
	X. Flexible PVC Waterstops:  CE CRD-C 572, with factory-installed metal eyelets, for embedding in concrete to prevent passage of fluids through joints.  Factory-fabricate corners, intersections, and directional changes.
	1. ,:  Subject to compliance with requirements, provide products by one of the following available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. Greenstreak.
	b. Vinylex Corp.
	c. Earth Shield, JP Specialties, Inc.
	d. Or approved equal

	2. Profile:  Ribbed with center bulb.
	3. Dimensions:  6 inches by 3/8 inch thick (150 mm by 10 mm thick) nontapered.

	Y. Self-Expanding Butyl Strip Waterstops:  Manufactured rectangular or trapezoidal strip, butyl rubber with sodium bentonite or other hydrophilic polymers, for adhesive bonding to concrete, 3/4 by 1 inch.
	1. Products:  Subject to compliance with requirements, provide one of the following available products that may be incorporated into the Work include, but are not limited to, the following:
	a. Concrete Sealants Inc.; Conseal CS-231.
	b. Greenstreak; Swellstop.
	c. Earth Shield, JP Specialties, Inc.
	d. Or approved equal



	2.07 VAPOR BARRIERS
	Z. Sheet Vapor Barrier:  ASTM E 1745, Class A, Include manufacturer's recommended adhesive or pressure-sensitive tape.
	1. Products:  Subject to compliance with requirements, provide one of the following available products that may be incorporated into the Work include, but are not limited to, the following:
	a. Grace Construction Products, W. R. Grace & Co.; Florprufe 120.
	b. Meadows, W. R., Inc.; Perminator 15 mil.
	c. Stego Industries, LLC; Stego Wrap 15 mil Class A.
	d. Or approved equal


	AA. Granular Fill:  Clean mixture of crushed stone or crushed gravel; ASTM D 448, Size 57, with 100 percent passing a 1-1/2-inch (37.5-mm) sieve and 0 to 5 percent passing a No. 8 (2.36-mm) sieve.

	2.09 CURING MATERIALS
	BB. Evaporation Barrier:  Waterborne, monomolecular film forming, manufactured for application to fresh concrete.
	1. Products:  Subject to compliance with requirements, provide one of the following available products that may be incorporated into the Work include, but are not limited to, the following:
	a. Euclid Chemical Company (The), an RPM company; Eucobar.
	b. Meadows, W. R., Inc.; EVAPRE.
	c. Sika Corporation; SikaFilm.
	d. Or approved equal


	CC. Absorptive Cover:  AASHTO M 182, Class 2, burlap cloth made from jute or kenaf, weighing approximately 9 oz./sq. yd. (305 g/sq. m) when dry.
	DD. Moisture-Retaining Cover:  ASTM C 171, polyethylene film or white burlap-polyethylene sheet.
	EE. Water:  Potable.
	FF. Clear, Waterborne, Membrane-Forming Curing Compound:  ASTM C 309, Type 1, Class B, dissipating.
	1. Products:  Subject to compliance with requirements, provide one of the following available products that may be incorporated into the Work include, but are not limited to, the following:
	a. BASF Construction Chemicals - Building Systems; Kure 200.
	b. Euclid Chemical Company (The), an RPM company; Kurez W VOX; TAMMSCURE WB 30C.
	c. Meadows, W. R., Inc.; 1100-CLEAR.
	d. Or approved equal


	GG. Clear, Waterborne, Membrane-Forming Curing Compound:  ASTM C 309, Type 1, Class B, non-dissipating, certified by curing compound manufacturer to not interfere with bonding of floor covering.
	1. Products:  Subject to compliance with requirements, provide one of the following available products that may be incorporated into the Work include, but are not limited to, the following:
	a. BASF Construction Chemicals - Building Systems; Kure-N-Seal WB
	b. Euclid Chemical Company (The), an RPM company; Aqua Cure VOX; Clearseal WB 150.
	c. Meadows, W. R., Inc.; Vocomp-20.
	d. Or approved equal.


	HH. Clear, Waterborne, Membrane-Forming Curing and Sealing Compound:  ASTM C 1315, Type 1, Class A.
	1. Products:  Subject to compliance with requirements, provide one of the following available products that may be incorporated into the Work include, but are not limited to, the following:
	a. BASF Construction Chemicals - Building Systems; Kure 1315.
	b. Euclid Chemical Company (The), an RPM company; Super Diamond Clear VOX; LusterSeal WB 300.
	c. Meadows, W. R., Inc.; Vocomp-30.
	d. Or approved equal



	2.10 RELATED MATERIALS
	II. Expansion- and Isolation-Joint-Filler Strips: ASTM D 1751, asphalt-saturated cellulosic fiber.
	JJ. Bonding Agent:  ASTM C 1059/C 1059M, Type II, non-redispersible, acrylic emulsion or styrene butadiene.
	KK. Epoxy Bonding Adhesive:  ASTM C 881, two-component epoxy resin, capable of humid curing and bonding to damp surfaces, of class suitable for application temperature and of grade to suit requirements, and as follows:
	1. Types IV and V, load bearing, for bonding hardened or freshly mixed concrete to hardened concrete.

	LL. Reglets:  Fabricate reglets of not less than 0.022-inch- (0.55-mm-) thick, galvanized-steel sheet.  Temporarily fill or cover face opening of reglet to prevent intrusion of concrete or debris.
	MM. Dovetail Anchor Slots:  Hot-dip galvanized-steel sheet, not less than 0.034 inch (0.85 mm) thick, with bent tab anchors.  Temporarily fill or cover face opening of slots to prevent intrusion of concrete or debris.
	NN. Rigid void former - High strength extruded polystyrene rigid insulation board: Comply with ASTM C 578, Type IV, 25 psi minimum compressive strength, 1.55 lb/cu. ft.
	1. Thermal Resistance: (180 day real-time aging as mandated by ASTM C578, measured per ASTM C 518 at mean temperature of 75F): R-5.0 per inch of thickness, with 90% lifetime limited warranty on thermal resistance.
	2. Blowing Agent Formulation: Zero ozone depleting.
	3. Edge Condition: Square
	4. Surface Burning Characteristics (ASTM E 84):  Flame spread less than 25, smoke developed less than 450, certified by independent third party such as Underwriters Laboratories (UL).
	5. Indoor Air Quality:  Compliance certified by independent third party such as GREENGUARD Indoor Air Quality Certified®.
	6. Recycled Content: Minimum 20%, certified by independent third party such as Scientific Certification Systems.
	7. Warranty: Limited lifetime warranty covering all ASTM C578 physical properties.
	8. Panel Size:  Provide 1/2”, 3/4”, 1”, and 2” thick by 4 ft. wide by 8 ft. long.


	2.11 REPAIR MATERIALS
	OO. Repair Underlayment:  Cement-based, polymer-modified, self-leveling product that can be applied in thicknesses from 1/8 inch (3.2 mm) and that can be feathered at edges to match adjacent floor elevations.
	1. Cement Binder:  ASTM C 150, portland cement or hydraulic or blended hydraulic cement as defined in ASTM C 219.
	2. Primer:  Product of underlayment manufacturer recommended for substrate, conditions, and application.
	3. Aggregate:  Well-graded, washed gravel, 1/8 to 1/4 inch (3.2 to 6 mm) or coarse sand as recommended by underlayment manufacturer.
	4. Compressive Strength:  Not less than 5000 psi (34.5 MPa)  at 28 days when tested according to ASTM C 109/C 109M.

	PP. Repair Overlayment:  Cement-based, polymer-modified, self-leveling product that can be applied in thicknesses from 1/4 inch (6.4 mm) and that can be filled in over a scarified surface to match adjacent floor elevations.
	1. Cement Binder:  ASTM C 150, portland cement or hydraulic or blended hydraulic cement as defined in ASTM C 219.
	2. Primer:  Product of topping manufacturer recommended for substrate, conditions, and application.
	3. Aggregate:  Well-graded, washed gravel, 1/8 to 1/4 inch (3.2 to 6 mm) or coarse sand as recommended by topping manufacturer.
	4. Compressive Strength:  Not less than 5000 psi (34.5 MPa) at 28 days when tested according to ASTM C 109/C 109M.


	2.12 CONCRETE MIXTURES, GENERAL
	QQ. Prepare design mixtures for each type and strength of concrete, proportioned on the basis of laboratory trial mixture or field test data, or both, according to ACI 301.
	1. Use a qualified independent testing agency for preparing and reporting proposed mixture designs based on laboratory trial mixtures.

	RR. Cementitious Materials: Limit percentage, by weight, of cementitious materials other than portland cement in concrete as follows:
	1. Fly Ash:  10 percent.
	2. Combined Fly Ash and Pozzolan:  10 percent.
	3. Silica Fume:  10 percent.
	Combined Fly Ash, Pozzolans, and Silica Fume:  15 percent with fly ash or pozzolans not exceeding 10 percent and silica fume not exceeding 5 percent.

	SS. Limit water-soluble, chloride-ion content in hardened concrete to 0.06 percent by weight of cement.
	TT. Admixtures:  Use admixtures according to manufacturer's written instructions.
	1. Use high-range water-reducing plasticizing admixture in concrete for placement and workability.
	2. Use water-reducing and retarding admixture when required by high temperatures, low humidity, or other adverse placement conditions.
	3. Use water-reducing admixture in pumped concrete, concrete required to be watertight, and concrete with a water-cementitious materials ratio below 0.50.


	2.13 CONCRETE MIXTURES FOR BUILDING ELEMENTS
	A. Concrete Topping SLAB ON METAL DECK:  Proportion structural lightweight concrete mixture as follows:
	1. Minimum Compressive Strength:  4500 psi at 28 days.
	2. Calculated Equilibrium Unit Weight:  115 lb/cu. ft. plus or minus 3 lb/cu. ft as determined by ASTM C 567.
	3. Slump Limit:  4 inches (100 mm) plus or minus 1 inch (25 mm).
	4. Air Content:  Do not allow air content of trowel-finished floors to exceed 3 percent.
	5. Water-reducing admixture and/or high-range water-reducing plasticizing admixture.


	2.14 FABRICATING REINFORCEMENT
	UU. Fabricate steel reinforcement according to CRSI's "Manual of Standard Practice."

	2.15 CONCRETE MIXING
	VV. Ready-Mixed Concrete:  Measure, batch, mix, and deliver concrete according to ASTM C 94/C 94M and furnish batch ticket information.
	1. When air temperature is between 85 and 90 deg F (30 and 32 deg C), reduce mixing and delivery time from 1-1/2 hours to 75 minutes; when air temperature is above 90 deg F (32 deg C), reduce mixing and delivery time to 60 minutes.
	PART 3- EXECUTION
	3.01 FORMWORK
	A. Design, erect, shore, brace, and maintain formwork, according to ACI 301, to support vertical, lateral, static, and dynamic loads, and construction loads that might be applied, until structure can support such loads.
	B. Construct formwork so concrete members and structures are of size, shape, alignment, elevation, and position indicated, within tolerance limits of ACI 117.
	C. Limit concrete surface irregularities, designated by ACI 347 as abrupt or gradual, as follows:
	1. Class A, 1/8 inch (3.2 mm) for smooth-formed finished surfaces of all concrete exposed to view.
	2. Class B, 1/4 inch (6 mm) for rough-formed finished surfaces of foundations.
	D. Construct forms tight enough to prevent loss of concrete mortar.
	E. Fabricate forms for easy removal without hammering or prying against concrete surfaces.  Provide crush or wrecking plates where stripping may damage cast concrete surfaces.  Provide top forms or inclined surfaces steeper than 1.5 horizontal to 1 ve...
	1. Install keyways, reglets, recesses, and the like, for easy removal.
	2. Do not use rust-stained steel form-facing material.
	F. Set edge forms, bulkheads, and intermediate screed strips for slabs to achieve required elevations and slopes in finished concrete surfaces.  Provide and secure units to support screed strips; use strike-off templates or compacting-type screeds.
	G. Provide temporary openings for cleanouts and inspection ports where interior area of formwork is inaccessible.  Close openings with panels tightly fitted to forms and securely braced to prevent loss of concrete mortar.  Locate temporary openings in...
	H. Chamfer exterior corners and edges of permanently exposed concrete.
	I. Form openings, chases, offsets, sinkages, keyways, reglets, blocking, screeds, and bulkheads required in the Work.  Determine sizes and locations from trades providing such items.
	J. Clean forms and adjacent surfaces to receive concrete.  Remove chips, wood, sawdust, dirt, and other debris just before placing concrete.
	K. Retighten forms and bracing before placing concrete, as required, to prevent mortar leaks and maintain proper alignment.
	L. Coat contact surfaces of forms with form-release agent, according to manufacturer's written instructions, before placing reinforcement.
	3.02 EMBEDDED ITEMS
	A. Place and secure anchorage devices and other embedded items required for adjoining work that is attached to or supported by cast-in-place concrete.  Use setting drawings, templates, diagrams, instructions, and directions furnished with items to be ...
	1. Install anchor rods, accurately located, to elevations required and complying with tolerances in Section 7.5 of AISC's "Code of Standard Practice for Steel Buildings and Bridges."
	2. Install reglets to receive waterproofing and to receive through-wall flashings in outer face of concrete frame at exterior walls, where flashing is shown at lintels, shelf angles, and other conditions.
	3. Install dovetail anchor slots in concrete structures as indicated.
	3.03 REMOVING AND REUSING FORMS
	A. General:  Formwork for sides of beams, walls, columns, and similar parts of the Work that does not support weight of concrete may be removed after cumulatively curing at not less than 50 deg F (10 deg C) for 24 hours after placing concrete.  Concre...
	1. Leave formwork for beam soffits, joists, slabs, and other structural elements that supports weight of concrete in place until concrete has achieved at least 70 percent of its 28-day design compressive strength.
	2. Remove forms only if shores have been arranged to permit removal of forms without loosening or disturbing shores.
	B. Clean and repair surfaces of forms to be reused in the Work.  Split, frayed, delaminated, or otherwise damaged form-facing material will not be acceptable for exposed surfaces.  Apply new form-release agent.
	C. When forms are reused, clean surfaces, remove fins and laitance, and tighten to close joints.  Align and secure joints to avoid offsets.  Do not use patched forms for exposed concrete surfaces unless approved by Engineer.
	3.04 SHORES AND RESHORES
	A. Comply with ACI 318 (ACI 318M) and ACI 301 for design, installation, and removal of shoring and re-shoring.
	1. Do not remove shoring or re-shoring until measurement of slab tolerances is complete.
	B. In multistory construction, extend shoring or re-shoring over a sufficient number of stories to distribute loads in such a manner that no floor or member will be excessively loaded or will induce tensile stress in concrete members without sufficien...
	C. Plan sequence of removal of shores and re-shore to avoid damage to concrete.  Locate and provide adequate re-shoring to support construction without excessive stress or deflection.
	3.05 VAPOR BARRIERS
	A. Sheet Vapor Barriers:  Place, protect, and repair sheet vapor barrier according to ASTM E 1643 and manufacturer's written instructions.
	1. Lap joints 6 inches (150 mm) and seal with manufacturer's recommended tape.
	B. Bituminous Vapor Barriers:  Place, protect, and repair bituminous vapor barrier according to manufacturer's written instructions.
	C. Granular Course:  vapor barrier shall be placed on top of granular fill, moisten, and compact with mechanical equipment to elevation tolerances of plus 0 inch (0 mm) or minus 3/4 inch (19 mm).
	3.06 STEEL REINFORCEMENT
	A. General:  Comply with CRSI's "Manual of Standard Practice" for placing reinforcement.
	1. Do not cut or puncture vapor barrier.  Repair damage and reseal vapor barrier before placing concrete.
	B. Clean reinforcement of loose rust and mill scale, earth, ice, and other foreign materials that would reduce bond to concrete.
	C. Accurately position, support, and secure reinforcement against displacement.  Locate and support reinforcement with bar supports to maintain minimum concrete cover.  Do not tack weld crossing reinforcing bars.
	1. Weld reinforcing bars according to AWS D1.4/D 1.4M, where indicated.
	D. Set wire ties with ends directed into concrete, not toward exposed concrete surfaces.
	E. Install welded wire reinforcement in longest practicable lengths on bar supports spaced to minimize sagging.  Lap edges and ends of adjoining sheets at least one mesh spacing.  Offset laps of adjoining sheet widths to prevent continuous laps in eit...
	F. Zinc-Coated Reinforcement:  Repair cut and damaged zinc coatings with zinc repair material according to ASTM A 780.  Use galvanized steel wire ties to fasten zinc-coated steel reinforcement.
	3.07 JOINTS
	A. General:  Construct joints true to line with faces perpendicular to surface plane of concrete.
	B. Construction Joints:  Install so strength and appearance of concrete are not impaired, at locations indicated or as approved by Engineer.
	1. Place joints perpendicular to main reinforcement.  Continue reinforcement across construction joints unless otherwise indicated.  Do not continue reinforcement through sides of strip placements of floors and slabs.
	2. Form keyed joints as indicated.  Embed keys at least 1-1/2 inches (38 mm) into concrete.
	3. Locate joints for beams, slabs, joists, and girders in the middle third of spans.  Offset joints in girders a minimum distance of twice the beam width from a beam-girder intersection.
	4. Locate horizontal joints in walls and columns at underside of floors, slabs, beams, and girders and at the top of footings or floor slabs.
	5. Space vertical joints in walls as indicated per typical detail.  Locate joints beside piers integral with walls, near corners, and in concealed locations where possible.
	6. Use a bonding agent at locations where fresh concrete is placed against hardened or partially hardened concrete surfaces.
	7. Use epoxy-bonding adhesive at locations where fresh concrete is placed against hardened or partially hardened concrete surfaces.
	3.08 WATERSTOPS
	A. Flexible Waterstops:  Install in construction joints and at other joints indicated to form a continuous diaphragm.  Install in longest lengths practicable.  Support and protect exposed waterstops during progress of the Work.  Field fabricate joints...
	B. Self-Expanding Strip Waterstops:  Install in construction joints and at other locations indicated, according to manufacturer's written instructions, adhesive bonding, mechanically fastening, and firmly pressing into place.  Install in longest lengt...
	3.09 CONCRETE PLACEMENT
	A. Before placing concrete, verify that installation of formwork, reinforcement, and embedded items is complete and that required inspections have been performed.
	B. Do not add water to concrete during delivery, at Project site, or during placement unless approved by Engineer.
	C. Before test sampling and placing concrete, water may be added at Project site, subject to limitations of ACI 301.
	1. Do not add water to concrete after adding high-range water-reducing admixtures to mixture.
	D. Deposit concrete continuously in one layer or in horizontal layers of such thickness that no new concrete will be placed on concrete that has hardened enough to cause seams or planes of weakness.  If a section cannot be placed continuously, provide...
	1. Deposit concrete in horizontal layers of depth to not exceed formwork design pressures and in a manner to avoid inclined construction joints.
	2. Consolidate placed concrete with mechanical vibrating equipment according to ACI 301.
	3. Do not use vibrators to transport concrete inside forms.  Insert and withdraw vibrators vertically at uniformly spaced locations to rapidly penetrate placed layer and at least 6 inches (150 mm) into preceding layer.  Do not insert vibrators into lo...
	E. Deposit and consolidate concrete for floors and slabs in a continuous operation, within limits of construction joints, until placement of a panel or section is complete.
	1. Consolidate concrete during placement operations so concrete is thoroughly worked around reinforcement and other embedded items and into corners.
	2. Maintain reinforcement in position on chairs during concrete placement.
	3. Screed slab surfaces with a straightedge and strike off to correct elevations.
	4. Slope surfaces uniformly to drains where required.
	5. Begin initial floating using bull floats or darbies to form a uniform and open-textured surface plane, before excess bleed water appears on the surface.  Do not further disturb slab surfaces before starting finishing operations.
	F. Cold-Weather Placement:  Comply with ACI 306.1 and as follows.  Protect concrete work from physical damage or reduced strength that could be caused by frost, freezing actions, or low temperatures.
	1. When average high and low temperature is expected to fall below 40 deg F (4.4 deg C) for three successive days, maintain delivered concrete mixture temperature within the temperature range required by ACI 301.
	2. Do not use frozen materials or materials containing ice or snow.  Do not place concrete on frozen subgrade or on subgrade containing frozen materials.
	3. Do not use calcium chloride, salt, or other materials containing antifreeze agents or chemical accelerators unless otherwise specified and approved in mixture designs.
	G. Hot-Weather Placement:  Comply with ACI 301 and as follows:
	1. Maintain concrete temperature below 90 deg F (32 deg C) at time of placement.  Chilled mixing water or chopped ice may be used to control temperature, provided water equivalent of ice is calculated to total amount of mixing water.  Using liquid nit...
	2. Fog-spray forms, steel reinforcement, and subgrade just before placing concrete.  Keep subgrade uniformly moist without standing water, soft spots, or dry areas.
	3.10 FINISHING FORMED SURFACES
	A. Rough-Formed Finish:  As-cast concrete texture imparted by form-facing material with tie holes and defects repaired and patched.  Remove fins and other projections that exceed specified limits on formed-surface irregularities.
	1. Apply to concrete surfaces not exposed to public view.
	B. Smooth-Formed Finish:  As-cast concrete texture imparted by form-facing material, arranged in an orderly and symmetrical manner with a minimum of seams.  Repair and patch tie holes and defects.  Remove fins and other projections that exceed specifi...
	1. Apply to concrete surfaces exposed to public view.
	C. Rubbed Finish:  Apply the following to smooth-formed finished as-cast concrete where indicated:
	1. Smooth-Rubbed Finish:  Not later than one day after form removal, moisten concrete surfaces and rub with carborundum brick or another abrasive until producing a uniform color and texture.  Do not apply cement grout other than that created by the ru...
	2. Grout-Cleaned Finish:  Wet concrete surfaces and apply grout of a consistency of thick paint to coat surfaces and fill small holes.  Mix one part portland cement to one and one-half parts fine sand with a 1:1 mixture of bonding admixture and water....
	3. Cork-Floated Finish:  Wet concrete surfaces and apply a stiff grout.  Mix one part portland cement and one part fine sand with a 1:1 mixture of bonding agent and water.  Add white portland cement in amounts determined by trial patches so color of d...
	D. Related Unformed Surfaces:  At tops of walls, horizontal offsets, and similar unformed surfaces adjacent to formed surfaces, strike off smooth and finish with a texture matching adjacent formed surfaces.  Continue final surface treatment of formed ...
	3.11 FINISHING FLOORS AND SLABS
	A. General:  Comply with ACI 302.1R recommendations for screeding, restraightening, and finishing operations for concrete surfaces.  Do not wet concrete surfaces.
	B. Scratch Finish:  While still plastic, texture concrete surface that has been screeded and bull-floated or darbied.  Use stiff brushes, brooms, or rakes to produce a profile amplitude of 1/4 inch (6 mm) in one direction.
	1. Apply scratch finish to surfaces indicated and to receive concrete floor toppings and/or to receive mortar setting beds for bonded cementitious floor finishes.
	C. Float Finish:  Consolidate surface with power-driven floats or by hand floating if area is small or inaccessible to power driven floats.  Restraighten, cut down high spots, and fill low spots.  Repeat float passes and restraightening until surface ...
	1. Apply float finish to surfaces to receive trowel finish and to be covered with fluid-applied or sheet waterproofing, built-up or membrane roofing, or sand-bed terrazzo.
	D. Trowel Finish:  After applying float finish, apply first troweling and consolidate concrete by hand or power-driven trowel.  Continue troweling passes and restraighten until surface is free of trowel marks and uniform in texture and appearance.  G...
	1. Apply a trowel finish to surfaces exposed to view or to be covered with resilient flooring, carpet, ceramic or quarry tile set over a cleavage membrane, paint, or another thin-film-finish coating system.
	2. Finish surfaces to the following tolerances, according to ASTM E 1155 (ASTM E 1155M), for a randomly trafficked floor surface:
	a. Specified overall values of flatness, F(F) 35; and of levelness, F(L) 25; with minimum local values of flatness, F(F) 25; and of levelness, F(L) 20.
	3. Concrete slab shall be repaired by contractor with no additional cost to DOC if FF and FL below minimum local value specified above.
	E. Trowel and Fine-Broom Finish:  Apply a first trowel finish to surfaces where ceramic or quarry tile is to be installed by either thickset or thin-set method.  While concrete is still plastic, slightly scarify surface with a fine broom.
	1. Comply with flatness and levelness tolerances for trowel-finished floor surfaces.
	F. Broom Finish:  Apply a broom finish to exterior concrete platforms, steps, ramps, and elsewhere as indicated.
	1. Immediately after float finishing, slightly roughen trafficked surface by brooming with fiber-bristle broom perpendicular to main traffic route.  Coordinate required final finish with Engineer before application.
	G. Slip-Resistive Finish:  Before final floating, apply slip-resistive aggregate finish where indicated and to concrete stair treads, platforms, and ramps.  Apply according to manufacturer's written instructions and as follows:
	1. Uniformly spread 25 lb/100 sq. ft. (12 kg/10 sq. m) of dampened slip-resistive aggregate over surface in one or two applications.  Tamp aggregate flush with surface, but do not force below surface.
	2. After broadcasting and tamping, apply float finish.
	3. After curing, lightly work surface with a steel wire brush or an abrasive stone and water to expose slip-resistive aggregate.
	3.12 MISCELLANEOUS CONCRETE ITEMST
	A. Filling In:  Fill in holes and openings left in concrete structures after work of other trades is in place unless otherwise indicated.  Mix, place, and cure concrete, as specified, to blend with in-place construction.  Provide other miscellaneous c...
	3.13 CONCRETE PROTECTING AND CURING
	A. General:  Protect freshly placed concrete from premature drying and excessive cold or hot temperatures.  Comply with ACI 306.1 for cold-weather protection and ACI 301 for hot-weather protection during curing.
	B. Evaporation Barrier:  Apply evaporation barrier to unformed concrete surfaces if hot, dry, or windy conditions cause moisture loss approaching 0.2 lb/sq. ft. x h (1 kg/sq. m x h) before and during finishing operations.  Apply according to manufactu...
	C. Formed Surfaces:  Cure formed concrete surfaces, including underside of beams, supported slabs, and other similar surfaces.  If forms remain during curing period, moist cure after loosening forms.  If removing forms before end of curing period, con...
	D. Unformed Surfaces:  Begin curing immediately after finishing concrete.  Cure unformed surfaces, including floors and slabs, concrete floor toppings, and other surfaces.
	E. Cure concrete according to ACI 308.1, by one or a combination of the following methods:
	1. Moisture Curing:  Keep surfaces continuously moist for not less than seven days with the following materials:
	a. Water.
	b. Continuous water-fog spray.
	c. Absorptive cover, water saturated, and kept continuously wet.  Cover concrete surfaces and edges with 12-inch (300-mm) lap over adjacent absorptive covers.
	2. Moisture-Retaining-Cover Curing:  Cover concrete surfaces with moisture-retaining cover for curing concrete, placed in widest practicable width, with sides and ends lapped at least 12 inches (300 mm), and sealed by waterproof tape or adhesive.  Cur...
	a. Moisture cure or use moisture-retaining covers to cure concrete surfaces to receive floor coverings.
	b. Moisture cure or use moisture-retaining covers to cure concrete surfaces to receive penetrating liquid floor treatments.
	c. Cure concrete surfaces to receive floor coverings with either a moisture-retaining cover or a curing compound that the manufacturer certifies will not interfere with bonding of floor covering used on Project.
	3. Curing Compound:  Apply uniformly in continuous operation by power spray or roller according to manufacturer's written instructions.  Recoat areas subjected to heavy rainfall within three hours after initial application.  Maintain continuity of coa...
	a. Removal:  After curing period has elapsed, remove curing compound without damaging concrete surfaces by method recommended by curing compound manufacturer unless manufacturer certifies curing compound will not interfere with bonding of floor coveri...
	4. Curing and Sealing Compound:  Apply uniformly to floors and slabs indicated in a continuous operation by power spray or roller according to manufacturer's written instructions.  Recoat areas subjected to heavy rainfall within three hours after init...
	3.14 LIQUID FLOOR TREATMENTS
	A. Penetrating Liquid Floor Treatment:  Prepare, apply, and finish penetrating liquid floor treatment according to manufacturer's written instructions.
	1. Remove curing compounds, sealers, oil, dirt, laitance, and other contaminants and complete surface repairs.
	2. Do not apply to concrete that is less than seven days' old.
	3. Apply liquid until surface is saturated, scrubbing into surface until a gel forms; rewet; and repeat brooming or scrubbing.  Rinse with water; remove excess material until surface is dry.  Apply a second coat in a similar manner if surface is rough...
	3.15 JOINT FILLING
	A. Prepare, clean, and install joint filler according to manufacturer's written instructions.
	1. Defer joint filling until concrete has aged at least one month(s).  Do not fill joints until construction traffic has permanently ceased.
	B. Remove dirt, debris, saw cuttings, curing compounds, and sealers from joints; leave contact faces of joint clean and dry.
	C. Install semirigid joint filler full depth in saw-cut joints and at least 2 inches (50 mm) deep in formed joints.  Overfill joint and trim joint filler flush with top of joint after hardening.
	3.16 CONCRETE SURFACE REPAIRS
	A. Defective Concrete:  Repair and patch defective areas when approved by Engineer.  Remove and replace concrete that cannot be repaired and patched to Engineer's approval.
	B. Patching Mortar:  Mix dry-pack patching mortar, consisting of one part portland cement to two and one-half parts fine aggregate passing a No. 16 (1.18-mm) sieve, using only enough water for handling and placing.
	C. Repairing Formed Surfaces:  Surface defects include color and texture irregularities, cracks, spalls, air bubbles, honeycombs, rock pockets, fins and other projections on the surface, and stains and other discolorations that cannot be removed by cl...
	1. Immediately after form removal, cut out honeycombs, rock pockets, and voids more than 1/2 inch (13 mm) in any dimension to solid concrete.  Limit cut depth to 3/4 inch (19 mm).  Make edges of cuts perpendicular to concrete surface.  Clean, dampen w...
	2. Repair defects on surfaces exposed to view by blending white portland cement and standard portland cement so that, when dry, patching mortar will match surrounding color.  Patch a test area at inconspicuous locations to verify mixture and color mat...
	3. Repair defects on concealed formed surfaces that affect concrete's durability and structural performance as determined by Engineer.
	D. Repairing Unformed Surfaces:  Test unformed surfaces, such as floors and slabs, for finish and verify surface tolerances specified for each surface.  Correct low and high areas.  Test surfaces sloped to drain for trueness of slope and smoothness; u...
	1. Repair finished surfaces containing defects.  Surface defects include spalls, popouts, honeycombs, rock pockets, crazing and cracks in excess of 0.01 inch (0.25 mm) wide or that penetrate to reinforcement or completely through unreinforced sections...
	2. After concrete has cured at least 14 days, correct high areas by grinding.
	3. Correct localized low areas during or immediately after completing surface finishing operations by cutting out low areas and replacing with patching mortar.  Finish repaired areas to blend into adjacent concrete.
	4. Correct other low areas scheduled to receive floor coverings with a repair underlayment.  Prepare, mix, and apply repair underlayment and primer according to manufacturer's written instructions to produce a smooth, uniform, plane, and level surface...
	5. Correct other low areas scheduled to remain exposed with a repair topping.  Cut out low areas to ensure a minimum repair topping depth of 1/4 inch (6 mm) to match adjacent floor elevations.  Prepare, mix, and apply repair topping and primer accordi...
	6. Repair defective areas, except random cracks and single holes 1 inch (25 mm) or less in diameter, by cutting out and replacing with fresh concrete.  Remove defective areas with clean, square cuts and expose steel reinforcement with at least a 3/4-i...
	7. Repair random cracks and single holes 1 inch (25 mm) or less in diameter with patching mortar.  Groove top of cracks and cut out holes to sound concrete and clean off dust, dirt, and loose particles.  Dampen cleaned concrete surfaces and apply bond...
	E. Perform structural repairs of concrete, subject to Engineer's approval, using epoxy adhesive and patching mortar.
	F. Repair materials and installation not specified above may be used, subject to Engineer's approval.
	3.17 FIELD QUALITY CONTROLR
	A. Testing and Inspecting:  DOC will engage a qualified testing and inspecting agency to perform field tests and inspections and prepare test reports.
	B. Inspections:
	1. Steel reinforcement placement.
	2. Steel reinforcement welding.
	3. Headed bolts and studs.
	4. Verification of use of required design mixture.
	5. Concrete placement, including conveying and depositing.
	6. Curing procedures and maintenance of curing temperature.
	7. Verification of concrete strength before removal of shores and forms from beams and slabs.
	C. Concrete Tests:  Testing of composite samples of fresh concrete obtained according to ASTM C 172 shall be performed according to the following requirements:
	1. Testing Frequency:  Obtain at least one composite sample for each 50 cu. yd. (76 cu. m) or fraction thereof of each concrete mixture placed each day.
	a. When frequency of testing will provide fewer than five compressive-strength tests for each concrete mixture, testing shall be conducted from at least five randomly selected batches or from each batch if fewer than five are used.
	2. Slump:  ASTM C 143/C 143M; one test at point of placement for each composite sample, but not less than one test for each day's pour of each concrete mixture.  Perform additional tests when concrete consistency appears to change.
	3. Air Content:  ASTM C 231, pressure method, for normal-weight concrete; ASTM C 173/C 173M, volumetric method, for structural lightweight concrete; one test for each composite sample, but not less than one test for each day's pour of each concrete mi...
	4. Concrete Temperature:  ASTM C 1064/C 1064M; one test hourly when air temperature is 40 deg F (4.4 deg C) and below and when 80 deg F (27 deg C) and above, and one test for each composite sample.
	5. Unit Weight:  ASTM C 567, fresh unit weight of structural lightweight concrete; one test for each composite sample, but not less than one test for each day's pour of each concrete mixture.
	6. Compression Test Specimens:  ASTM C 31/C 31M.
	a. Cast and laboratory cure two sets of two standard cylinder specimens for each composite sample.
	b. Cast and field cure two sets of two standard cylinder specimens for each composite sample.
	7. Compressive-Strength Tests:  ASTM C 39/C 39M; test one set of two laboratory-cured specimens at 7 days and one set of two specimens at 28 days.
	a. Test one set of two field-cured specimens at 7 days and one set of two specimens at 28 days.
	b. A compressive-strength test shall be the average compressive strength from a set of two specimens obtained from same composite sample and tested at age indicated.
	8. When strength of field-cured cylinders is less than 85 percent of companion laboratory-cured cylinders, Contractor shall evaluate operations and provide corrective procedures for protecting and curing in-place concrete.
	9. Strength of each concrete mixture will be satisfactory if every average of any three consecutive compressive-strength tests equals or exceeds specified compressive strength and no compressive-strength test value falls below specified compressive st...
	10. Test results shall be reported in writing to Engineer, concrete manufacturer, and Contractor within 48 hours of testing.  Reports of compressive-strength tests shall contain Project identification name and number, date of concrete placement, name ...
	11. Nondestructive Testing:  Impact hammer, sonoscope, or other nondestructive device may be permitted by Engineer but will not be used as sole basis for approval or rejection of concrete.
	12. Additional Tests:  Testing and inspecting agency shall make additional tests of concrete when test results indicate that slump, air entrainment, compressive strengths, or other requirements have not been met, as directed by Engineer.  Testing and ...
	13. Additional testing and inspecting, at Contractor's expense, will be performed to determine compliance of replaced or additional work with specified requirements.
	14. Correct deficiencies in the Work that test reports and inspections indicate do not comply with the Contract Documents.
	D. Measure floor and slab flatness and levelness according to ASTM E 1155 (ASTM E 1155M) within 48 hours of finishing.
	3.18 PROTECTION OF LIQUID FLOOR TREATMENTS
	A. Protect liquid floor treatment from damage and wear during the remainder of construction period.  Use protective methods and materials, including temporary covering, recommended in writing by liquid floor treatments installer.
	a. Typical Physical Properties:
	ASTM D 412, Tensile Strength:  600 psi (4.13 MPa)
	ASTM D 412, Elongation:   > 300%
	ASTM E 96 Method E [100 F (38 C), 100 mil (2.5 mm)
	sheet], Permeability to Water Vapor:  0.03 perms
	Working Time* @ 75ºF (25ºC):  30 min
	Rainproof After* @ 75ºF (25ºC):  4 h
	ASTM D 2240, Hardness @ 77 F (25 C):  65 Shore A
	Crack Bridging After Heat Aging:  1/8” (3 mm)
	ASTM D 36, Softening Point, Ring and Ball:  275 F, (135 C)
	ASTM C 836 Elastomeric Waterproofing:  Exceeds All Criteria
	ASTM D 4060, Abrasion Resistance [1,000 gr./1,000
	rev., CS-17 wheel]:  1.2 mg Loss


	1. Membrane Installation Sequencing (from substrate to uppermost ply)
	2. Base sheet shall be cut into 18 foot (5.5 m) lengths and be allowed to relax before being installed.
	3. Using PermaPly 28 (or approved equal), start with a 12” (305 mm) width. The following base sheet courses are to be applied full width, overlapping the preceding felt 2” (51 mm) on the side laps and 4” (102 mm) on the end laps.
	4. Install felt so that it is firmly and uniformly set, without voids, into Bonding Adhesive applied before the felt at a rate of 3 gallons per square (1.2 l/m2).
	5. Using PermaPly 28 (or approved equal), apply a piece 18” (457 mm) wide, then over that, a full width piece.
	The following felts are to be applied full width, overlapping the preceding felts by 19” (483 mm) so that at least 2 plies of felt cover the base at all locations.
	6. Install each felt so that it is firmly and uniformly set, without voids, into the Bonding Adhesive applied before the felt at a nominal rate of 11/2 to 2 gallons per square (0.6-0.8 l/m2) over the entire surface. Roll installed felts with a weighte...
	7. Surfacing:
	a. After the interply adhesive has cured, apply Bonding Adhesive at the rate of 6 gallons per square (2.4 l/m2). Into the Bonding Adhesive, embed an acceptable gravel at a rate of 400 lb per square (19.5kg/m2) or an acceptable slag at a rate of 300 lb...
	b.    Aggregate must be installed so that there is complete coverage across the entire surface and at least 50% of the aggregate is solidly adhered in the MBR Bonding Adhesive. Gravel aggregate should meet the requirements of ASTM D 1863.
	1. Adhere to substrate in a approved cold applied adhesive.

	2. Unroll roofing membrane sheets and allow them to relax for minimum time period required by manufacturer.

	D. Laps:  Accurately align roofing membrane sheets, without stretching, and maintain uniform side and end laps.  Stagger end laps.  Completely bond and seal laps, leaving no voids.
	1. Repair tears and voids in laps and lapped seams not completely sealed.
	2. Apply roofing granules to cover exuded bead at laps while bead is hot.

	E. Install roofing membrane sheets so side and end laps shed water.
	F. Proceed with installation only after unsatisfactory conditions have been corrected. Retain for all.
	3.08 FLASHINGS
	A. Fluid-Applied Flashing System – Perma-flash or approved equal
	1. PermaFlash primer Application – Shake bottle vigorously for 3-5 seconds prior to opening. All non-porous surfaces to receive Flashing Cement should be primed no more than 1 hour prior to application. PermaFlash Primer can be wiped on with a cloth r...
	2. Lay out reinforcement fabric around penetration and cut to fit.  Wrap fabric around penetration and bridge all vertical to horizontal transitions.
	3. Apply fluid-applied flashing directly to prepared substrate.  Adhere fabric by pressing into the fluid-applied flashing while still wet.
	4. Completely cover fabric with at least 60 mil coat wet film thickness of fluid-applied flashing, and as required by the manufacturer.
	5. Extend top coat of fluid-applied flashing system 2 inches beyond edges of reinforcement fabric.

	Before installing sealants, field test their adhesion to Project joint substrates as follows:

	1. Locate test joints as directed by Engineer.
	2. Conduct field adhesion tests for each kind of sealant and joint substrate.
	3. Test using ASTM C1193 Method A:  For joints with dissimilar substrates, verify adhesion to each substrate separately
	4. Do not use sealants that fail to adhere to joint substrates during testing.
	1. Install sealant in mockups of assemblies specified in other Sections that are indicated to receive joint sealants specified in this Section. Use materials and installation methods specified in this Section.
	4. Do not proceed with installation of joint sealants under the following conditions
	b. Where joint widths are less than those allowed by joint sealant manufacturer for applications indicated.


	A. Physical Parameters
	1. Softener Tanks Qty: 3 Dia.:  66 in. Side Shell: 72 in.
	2. Service Valves Size: 4 in. Type: Nest
	3. Softening Resin Qty: 80 ft³/tank – 240 ft³ total
	4. Brine Maker Qty: 1 Dia.: 74 in. Height: 64 in.
	5. Salt Storage 5,200 lbs / 4 Regenerations
	6. Regeneration Type Water Meter
	7. Water Meter(s) Qty: 3 Size: 4 in. Type: Paddlewheel

	B. TANKS
	1. Tanks shall be of welded construction of tank-quality carbon steel. The tank(s) shall have threaded or flanged openings for pipe connections and a 12" x 16" manhole in the top head. The tank(s) shall be rated for 100 psig working pressure and 150 p...

	C. TANK LINING & COATING
	1. The tank(s) shall have a 2-3 DFT prime coated exterior and a 10-12 mils DFT epoxy lined interior. Provide safety blue epoxy finish paint 6-8 mils DFT over exterior tank and valve surfaces.

	D. TANK OPTION
	1. The tank(s) shall be fabricated in accordance with ASME Section VIII, certified and stamped. Working pressure to be 100 psi and hydrotested to 150 psi .

	E. UPPER DISTRIBUTOR
	1. The upper distribution system shall be a single point baffle constructed of Schedule-40 galvanized steel pipe and fittings.

	F. LOWER DISTRIBUTOR
	1. The lower distributor system shall be of the hub and radial type design, constructed of PVC with slotted full flow non-clogging replaceable ABS strainers and covered with a subfill of 1/8" x 1/16" washed gravel.

	G. MAIN OPERATING VALVE(S)
	1. The main operating valves shall be a nest of individual diaphragm valves. The valves shall have cast iron bodies, BUNA-N diaphragms, and stainless steel/brass internal parts.  All operating valves shall be slow opening and closing, and free of wate...

	H. PIPE & FITTINGS
	1. The main operating valves and manifold piping shall be factory assembled and shipped attached to the resin tank for ease of installation and start-up.
	2.
	3. Piping shall be Scheduled 40 galvanized steel. Galvanized fittings shall be standard Class 150 threaded malleable iron.

	I. FLOW CONTROL
	1. An automatic backwash control shall be provided to maintain a proper backwash and fast flush flows over wide variations of operating pressure. Controller shall contain no moving parts, and require no field adjustment.

	J. CONTROL SYSTEM
	1. A NEMA 4X rated, factory mounted and wired electrical enclosure with all timing and sequencing controls for each softener shall be manufactured and provided by the same vendor providing the water treatment hardware.
	2.
	3. The controls shall include an automatic regeneration timer having the capability of providing site adjustable regeneration steps of backwash, brine injection, brine displacement, flush and return to service. Indicator lights on the controller shall...
	4.
	5. A multi-ported pilot control stager shall be factory wired and pre-tubed to automatically pressure activate the main operating valves through the steps of regeneration. An indicator on the stager indicates the cycle of operation at all times. Compl...

	K. MODE OF OPERATION
	1. The system shall consist of three resin tanks each having a dedicated paddlewheel type flow sensor in the softener outlet piping and operate in the progressive flow configuration.
	2. One resin tank, designated as the primary, will remain on-line at all times. Variation of treated water flow demand shall automatically cause one additional resin tank to change status from standby to on-line and back to standby as needed. When the...
	3. As each resin tank user set volume is reached, it will immediately be taken off-line, regenerated and placed immediately back on-line or standby depending on treated water flow demand. The controller shall be capable of continuously determining the...

	L. BRINE SYSTEM
	1. The brine system shall be a wet-salt combination salt storage-brine measuring type with  polyethylene or FRP construction. It shall be equipped with a float-operated, diaphragm type brine valve for precise control of brine draw and tank refill and ...

	M. SOFTENING RESIN
	1. The ion exchange resin shall be of a premium grade high capacity synthetic sulfonamide styrene divinyl benzene to be furnished in the sodium form. It shall be stable over the entire pH range, have good resistance to bead fracture, and be insoluble ...

	N. SKID MOUNT, PREPIPE AND PREWIRE
	1. The softener tanks shall be skid mounted on a 6" channel iron skid (13.0 lbs. per foot, ASTM grade A-36). The skid shall be cross-braced with 6" channel or angle iron. All steel surfaces shall be finish coated to match exterior of softener tanks. A...
	2. This shall include inlet and outlet isolation valves for each tank and a system bypass valve. Isolation valves 3" diameter and smaller shall be gate type and constructed of cast bronze. Isolation valves 4" diameter and larger shall be butterfly typ...
	3. The interconnecting wiring shall be contained in waterproof conduit. All inter-tank hydraulic or pneumatic tubing shall be installed as part of the skid package.
	4. The softener tanks are to be bolted to the skid. Permanent attachment, or welding, will not be acceptable. The entire skid mounted system shall be leak and electrically tested as a unit by the manufacturer before shipment.

	O. ACCESSORIES
	1. Water test kits for hardness test shall be supplied to conduct soap drop test.
	2. Pressure gauges for untreated water inlet and treated water outlet.
	3. Sampling cocks for untreated water inlet and treated water outlet.

	A. A complete set of installation, operating and maintenance manuals shall be provided. Reference Marlo Manual #8-299.
	The manufacturer guarantees that under actual operating conditions the mineral shall not be washed out of the system during the service run or backwashing period; and that the turbidity and color of the effluent, by reason of passing through the softe...


	PART 1 - GENERAL
	1.01 GENERAL CONDITIONS
	A. The General Conditions Governing All Contracts shall apply to all work of this Section.

	1.02 WORK INCLUDED
	A. Furnish all labor, materials, tools and equipment and services required to complete the work of this Section as shown on the drawings and/or specified herein.  In general, the work shall include but not be limited to the following:
	1. Demolition and removal of existing HVAC work as shown or specified.


	1.03 RELATED WORK INCLUDED IN OTHER SECTIONS
	A. Piping Insulation:  Section 23 07 19

	1.04 QUALITY ASSURANCE
	A. Applicable Standards:
	1. New York City Building Code - 2014
	2. Environmental Protection Agency (EPA).
	3. Occupational Safety and Health Administration (OSHA).
	4. Codes and regulations of New York City and Local Authority having jurisdiction.
	5. State of New York.
	6. The BOCA National Mechanical Code.


	1.05  DEFINITIONS
	The following words and expressions, or pronouns used in their stead shall, wherever they appear in this Contract, be construed as follows:
	1. "Engineerural Items" shall mean those building components which are either                     directly or indirectly supported by or attached to the structural components, but excluding Plumbing,  HVAC and Electrical items.
	2.  "Structural Items" shall mean those building components which provide support or means of attachment for themselves or for the Engineerural and other items, and without which the construction would collapse.
	3. "Plumbing Items" shall mean those building components comprising the various water service, drainage, fire protection, with the exception of sprinklers and similar piping systems.
	4. "HVAC Items" shall mean those building components comprising the various Heating, Ventilating and Air Conditioning (HVAC) Systems and Sprinkler Systems.
	5. "Electrical Items" shall mean those building components comprising the various lighting, power and similar electric service systems.
	6. "Fixed Equipment" shall mean any pieces of equipment, fittings, furnishings, machines, appliances and similar apparatus or devices, including the accessories or appurtenances thereof, which are riveted, bolted, screwed, welded, grouted or, otherwis...


	1.06 SUBMITTALS
	A. Submit the following in accordance with the requirements of the General Conditions.
	B. Procedures:
	1. The procedures proposed for the execution of demolition work shall be submitted for approval.  The procedures shall provide for safe conduct of the work, careful removal and disposition of materials specified to be salvaged, protection of property ...
	2. The procedures shall include a detailed description of the methods and equipment to be used for each operation, and the sequence of operation.


	1.07 CONDITION OF PREMISES
	A. The Contractor shall accept the premises as he finds them and shall complete the demolition as specified in this Section. DOC assumes no responsibility for the conditions of the project site with its various items required to be demolished nor thei...
	B. All damage or loss, whether by reasons of fire, theft or other casualty or happening to the various items required to be demolished, shall be at risk of the Contractor from and after date of Contract, and no such damage or loss shall relieve the Co...
	1.08 TITLE TO MATERIALS
	A. The Contractor shall have no right or title to any of the equipment, materials or other items to be removed from the existing building unless and until said equipment, materials and other items have been removed from the premises.  The Contractor s...
	B. There is no guarantee by the DOC that the number of fixtures, amount of equipment or any other material of value now existing in the structures to be demolished will be present in the structures when they are demolished.
	C. The Contractor shall have no claim against DOC because of the absence of such fixtures and materials.

	1.09 DAMAGE
	A. No existing work which is not to be removed under this Contract shall be disturbed nor damaged in any way except to the extent specifically required by this Contract in order to accomplish the removals.  The Contractor shall assume the risk of such...
	B. If any such disturbance or damage occurs to the existing work, the Contractor shall promptly restore, repair and replace such disturbance or damage to the existing work to the satisfaction of the Engineer, without expense to DOC.

	1.10 PROTECTION OF PERSONS AND PROPERTY
	A. The existing building, structures and facilities within the areas of operation under     Contract shall be protected.
	B. All necessary temporary closures, guard rails, barricades, etc., shall be provided so as to adequately protect all workers, employees of the building and the public from possible injury.
	C. Provide all necessary temporary partitions, enclosure coverings and the like of approved materials and construction for the exclusion of weather, dust and debris from the existing building and for confining the dust and debris to the rooms and spac...
	D. No materials or debris shall be burned on the premises.  No open fires, including open drum, barrel fires or salamanders, will be permitted.
	E. No dynamite, powder or other explosives shall be brought on the site.
	F. No material shall be dropped or thrown from any height.
	G. Materials shall be wet down as required to avoid any annoyance from dust, and such wetting down shall be done at least twice daily or more frequently as required by the Engineer.
	H. No load shall be placed on any existing floor, deck or ramp which will exceed the live load capacity of said floor, deck or ramp.
	I. All required precautions shall be taken to prevent damage to the existing structures to remain in place.
	J. Temporary fire protection in the form of water in buckets and fire extinguishers shall be provided during metal burning operations.  The fire protection shall also be provided on the level below the area in which metal is being removed or welded:
	1. Operations involving burning of metal shall be discontinued one-half hour prior to the normal time of cessation of each day's work, and water shall be applied to such burned metal for one-half hour after the cessation of such work.
	2. Ventilation and provisions for removing smoke, fumes, etc. shall be provide while performing cutting and burning of metals.  Provide fire watchman service if required by OSHA and other regulatory agencies.  The entire procedure shall be in complete...

	K. Shoring, bracing and other supports necessary to protect existing construction shall be provided prior to commencement of operations and shall be constructed in such manner as will prevent all deflection, settlement, movement and damage to existing...


	PART 2 - PRODUCTS - None
	PART 3 – EXECUTION
	3.01 GENERAL
	A. Demolition of HVAC items shall be performed under this Contract.
	B. Demolition of Plumbing and Electrical items will be performed under respective Contracts.

	3.02 DEMOLITION OPERATIONS
	A. Demolition work shall be performed by competent workers experienced in this kind of work and shall be carried through to completion with due regard to the safety of the employees, of DOC and the employees of the Contractor and Sub-Contractors and w...
	B. Equipment, fixtures and/or miscellaneous articles as well as debris which are found on the premises and which have been abandoned by DOC shall become the property of the Contractor, and shall be removed from the site at his sole cost and expense.
	C. Materials resulting from the demolition operations shall not be allowed to accumulate on the floors and deck surfaces, ramps, exterior grade surfaces or other parts of the premises, but shall be promptly removed and disposed of away from the premises.
	D. Include all demolition of systems and components where these are superseded by the new work.  Refer to the Drawings and Specifications for the scope of new and reconnected work.  The intent of this requirement is to have the Contractor disconnect, ...
	E. There is no guarantee as to the accuracy of the demolition shown on the Drawings.  The demolition shall take place as per requirements stated above regardless of the accuracy of the demolition work so shown.  Furthermore, note that not all demoliti...
	F. Do not remove any service, unless approved by the Engineer, until the new service is installed and in satisfactory operation.
	G. Schedule the demolition and installation in relation to the construction requirement and the other reasons in order to maintain all services at all time including heating.
	H. Provide temporary services as described in the General Conditions Governing All Contracts.

	3.03 SALVAGEABLE MATERIALS
	A. The demolition and removal work shall be performed with care, so as to prevent unnecessary damage to usable materials and adjoining work.
	B. Unless otherwise indicated or specified, all materials removed from existing work in connection with the execution of the work of this Contract shall become the property of the Contractor.

	SECTION 23 05 19 – METERS
	SECTION 23 05 20 – HYDRONIC PIPING SPECIALTIES
	1. Bronze, threaded ends, solid wedge, inside screw, traveling stem union, bonnet.
	a. Class 150:  NIBCO Fig. T-134 or approved equal;
	b. Class 200:  NIBCO Fig. T-154 or approved equal;
	c. Class 300:  NIBCO Fig. T-174 or approved equal.
	2. Bronze, socket ends, solid wedge, inside screw, non-rising steam, screw-in bonnet, for copper pipe.
	a. Class 150:  Kitz Fig. C150E (Code64) or approved equal.
	3. Iron body bronze mounted, OS&Y, rising stem, screwed ends, U bolt held bonnet.
	a. Class 150:  Walworth Fig. 727F or approved equal.
	4. Forged steel, bolted bonnet, solid wedge, OS&Y, rising stem.
	a. Class 800
	1) Threaded: Vogt Fig. 1110B or approved equal;
	2) Socket Weld: Vogt Fig.SW-1110B or approved equal.
	B. 2 1/2" & Up
	1. Iron body, bronze mounted, solid wedge, OS&Y, rising spindle, flanged.
	a. Class 125:  NIBCO Fig. F-617 or approved equal;
	b. Class 250:  NIBCO Fig. F-667 or approved equal.
	2. Cast steel, stainless steel trim, solid wedge, OS&Y, rising stem, flanged.
	a. Class 150
	1) Welded Ends: Crane Fig. 47½ or approved equal;
	2) Flanged Ends: Crane Fig. 47 or approved equal.
	b. Class 300
	1) Welded Ends: Crane Fig. 33½ or approved equal ;
	2) Flanged Ends: Crane Fig. 33 or approved equal.
	C. Class 600
	1. Weld Ends: Crane Fig. 76½ or approved equal;
	2. Flanged End: Crange Fig. 76 or approved equal.
	1) Welded Ends: Crane Fig. 143½; or approved equal
	2) Flanged Ends: Crane Fig. 143 15CPF. or approved equal
	b. Class 300
	1) Welded Ends: Crane Fig. 151½; or approved equal
	2) Flanged Ends: Crane Fig. 151. or approved equal
	c. Class 600
	1) Welded Ends: Crane Fig. 171½ ; or approved equal
	2) Flanged Ends: Crane Fig. 171. or approved equal

	END OF SECTION 23 05 95
	PART 1 - GENERAL
	1.1 SUMMARY
	A. Section includes commissioning process requirements for HVAC&R systems, assemblies, and equipment.
	B. Related Sections: None

	1.2 COMMISSIONING SERVICES
	A. This project will have selected building systems commissioned.  The equipment and systems to be commissioned are specified in following sections.  The commissioning process, which the Contractor is responsible to execute, is defined in Part 7.  The...
	B. Abbreviations.  The following are common abbreviations used in the Specifications and in the Commissioning Plan.  Definitions are found in Part 5.1.6.

	1.3 ADMINISTRATIVE / SUPERVISORY PERSONNEL
	A. Commissioning Authority:  The Contractor will hire the services of a qualified Commissioning Authority.  The responsibilities of the Commissioning Authority are defined in Part 5.1.5-E.  The Commissioning Authority will report directly to the DOC’s...
	1. Commissioning Authority Qualifications:  The Commissioning Authority will satisfy the following requirements:
	a. Have extensive experience in the operation and troubleshooting of HVAC systems, energy management control systems and lighting controls systems.  Extensive field experience is required.  A minimum of 5 full years in this type of work is required.
	b. Knowledgeable in test and balance of both air and water systems.
	c. Direct experience in monitoring and analyzing system operation using energy management control system trending or stand-alone datal ogging equipment.
	d. Excellent verbal and written communication skills, highly organized and able to work with both management and trade contractors.
	e. A bachelors degree in Mechanical Engineering is highly preferred and P.E. certification is desired, however, other technical training and past commissioning and field experience will be considered.
	f. The Commissioning Authority requirements cannot be fulfilled by the combined expertise of a company, but must be part of the skill and experience set of the one individual who will be the designated Commissioning Authority, unless specifically note...
	g. The Commissioning Authority will be an independent contractor and not an employee of the General or Mechanical or Prime or any other subcontractor on this project, including the A/E.
	h. The Commissioning Authority shall have been the prime commissioning agent for commissioning at least 5 facilities of 20,000 sf and similar complexity in system type in the last 5 years.
	i. The Commissioning Authority will provide a detailed description of at least three commissioning projects completed recently with their personal involvement, the names and telephone numbers of the DOC’s project manager and the General or Mechanical ...
	2. The Contractor will submit, the CA’s resume and qualifications to the DOC for approval.  The DOC reserves the right to require the Contractor to submit another party for the position, in the event the first party submitted is considered unqualified...

	B. Test and Balance Contractor (TAB) Qualifications. The Contractor will provide the
	C. services of a qualified test and balance contractor, approved by the DOC, as specified in Section 23 05 93.
	D. Controls Contractor and Lead Technician Qualifications.  The Control contractor and the lead technician shall be approved by the DOC as specified in Section 23 09 00.

	1.4 SUBMITTAL REQUIREMENTS FOR COMMISSIONING
	A. Normal Submittals.
	1. The Commissioning Authority will receive a copy of the normal submittals for equipment to be commissioned.
	2. The Commissioning Authority will review and approve normal Contractor submittals applicable to systems being commissioned for compliance with commissioning needs, concurrent with the A/E reviews.

	B. Data for Commissioning.
	1. The Contractor will receive a written request from the Commissioning Authority requesting specific information needed about each piece of commissioned equipment or system.
	2. Typically this will include detailed manufacturer installation and start-up, operating, troubleshooting and maintenance procedures, full details of any DOC-contracted tests, fan and pump curves, full factory testing reports, if any, and full warran...
	3. The Commissioning Authority may request further documentation necessary for the commissioning process.
	4. This data request may be made prior to normal submittals.
	5. Much of this information is contained in the regular O&M manual submittals normally submitted in the project. Typically, this information is required prior to the regular formal O&M manual submittals.

	C. Contractor’s responsibility for deviations in submittals from requirements of the Contract Documents is not relieved by the Commissioning Authority’s review.

	1.5 COMMISSIONING CLOSE-OUT
	A. The commissioning of Part 4 through 7 below must be complete, except for functional testing and controls training, prior to Substantial Completion, unless approved in writing by the DOC.

	1.6 PREREQUISITES TO FUNCTIONAL COMPLETION
	A. All TAB work and the commissioning of Part 4 through 7 below must be complete prior to Functional Completion, unless approved in writing by the DOC’s Project Manager.  Exceptions to this are the planned control system training performed after occup...
	1. Completed and signed start-up and prefunctional checklist documentation
	2. Requested trend log data
	3. Submission of final approved TAB report
	4. Completion of all functional testing
	5. Required training of DOC personnel completed and approved
	6. Submission of the approved O&M manuals
	7. All identified deficiencies have been corrected or are approved by the DOC to be excepted from this milestone.

	B. The DOC’s Project Manager will determine the date of Functional Completion after reviewing the Commissioning Agent’s recommendation for Functional Completion.

	1.7 OPERATIONS AND MAINTENANCE DATA
	A. The commissioning process requires detailed O&M documentation.  Division 1 is alerted to the O&M documentation requirements identified in this section, and other referenced sections.
	B. The commissioning agent’s contribution to the O&M manuals is found in Part 7.8 below.
	C. The    CONTRACTOR   shall compile O&M manuals for every piece of equipment and building operating or electrical system with the following format.
	1. Quantity:  __8____
	2. Format: 8 ½” x 11” loose leaf binders.  Each binder shall be clearly labeled on the spine.  Use as many as required.  Do not overload binders.  There shall be dividers with permanently marked tabs of card stock separating each section and sub secti...
	3. There shall be a title page and table of contents in the front of each binder for each binder’s contents.  In each binder, there shall be a main tab for each specification section.  Behind the section number tab there shall be the equipment ID tag ...
	a. Contractor. The first page behind the equipment tab shall contain the name, address and telephone number of the manufacturer and installing contractor and the 24-hour number for emergency service for all equipment in this section, identified by equ...
	b. Submittal and Product Data.  This section shall include all approved submittal data, cut sheets and appropriate shop drawings.  If submittal was not required for approval, descriptive product data shall be included.
	c. Operation and Maintenance Instructions.  These shall be the written manufacturer’s data with the model and features of this installation clearly marked and edited to omit reference to products or data not applicable to this installation.  This sect...
	1. Installation, startup and break-in instructions
	2. All starting, normal shutdown, emergency shutdown, manual operation, seasonal changeover and normal operating procedures and data, including any special limitations.
	3. O&M and installation instructions that were shipped with the unit.
	4. Preventative maintenance and service procedures and schedules.
	5. Troubleshooting procedures.
	6. A parts list, edited to omit reference to items which do not apply to this installation.
	7. A list of any special tools required to service or maintain the equipment.
	8. Performance data, ratings and curves.
	9. Warranty, which clearly lists conditions to be maintained to keep warranty in effect and conditions that would affect the validity of the warranty.
	10. Any service contracts issued.
	d. Supplemental Data.  Prepare written text and/or special drawings to provide necessary information, where manufacturer’s standard printed data is not available and information is necessary for a proper understanding and operation and maintenance of ...
	e. Control Drawings.  Include the control drawings for the piece of equipment and its components, including the sequence of operation.  This section will be provided by the controls contractor.  The drawings will be repeated in the control contractor’...
	f. Specifications.  This section is comprised of the component or system specification section copied and inserted complete with all addenda.
	g. System Description.  This section shall include the individual equipment portion of the overall system Design Documentation Narrative, if available.  It will contain simplified professionally drawn single line system diagrams on 8 ½ x 11 or 11 x 17...
	h. Preventive Maintenance Instructions.  This section shall include condensed typewritten excerpts from the manufacturer’s written instructions for weekly, monthly, quarterly, annual, etc. maintenance.  This summary shall be prepared by the HVAC mecha...


	1.8 AUTOMATIC CONTROLS MANUFACTURER AND LEAD INSTALLING TECHNICIAN
	A. Manufacturer and Vendor.  Within 14 days after notice to proceed, the controls contractor shall submit to the DOC a certified statement, signed by an officer of the manufacturer and vendor which includes the following:  name and address of company;...
	B. Lead Programmer (LP).  The majority of the programming for this project will be completed by the lead programmer. The LP will personally review and approve all programming by others.  Within 14 days after notice to proceed, the controls contractor ...
	C. Lead Installation Technician (LIT).  The automatic controls will be installed under the direct and continuous supervision of a lead technician authorized by the manufacturer.  Within 14 days after notice to proceed, the controls contractor shall su...
	D. Acceptance.  A review of the qualifications and action upon the acceptance of the manufacturer and the LIT and LP will be completed by the DOC.  If the manufacturer, the proposed product line or the qualifications of the LIT or LP are not in accord...

	1.9 TREND LOGGING CAPABILITIES
	A. The control system installed shall be capable of, and set up to readily trend data with the following minimum features.
	1. Any point, physical or calculated may be designated for trending.  Any point, regardless of physical location in the network, may be collected and stored in each DDC controller’s point group.
	2. Collection may be by either pre-defined time interval or upon a pre-defined change of value (COV).
	3. Each DDC controller panel shall have a dedicated RAM-based buffer for trend data and shall be capable of storing at least 10,000 samples.
	4. At least six columns of data can be viewed on the screen at once and can be graphed using a graphing program integral to the control system, with at least four parameters graphed against time on the same graph.  The columnar format shall have time ...
	5. The system shall have the ability to graph real-time data of up to four points on the EMS at once, giving each point its own scale.
	6. Without any special or difficult conversions, this data shall be able to be designated to be stored as an ASCII delimited file in the same columnar format for use in graphing with normal commercial spreadsheet software.
	7. The trend log data is automatically downloaded at appropriate intervals onto the hard drive when space in the field cabinets becomes full, so that no data is lost.  This is done without the user having to calculate the size of the trends and downlo...
	8. Any limitations in the trending as to speed of sampling vs number of sampled points in a given trend, and the effect on actual sampling rate and simultaneousness of the sampling across parameters shall be clearly explained in writing.  Programming ...
	9. The trends shall be capable of being set up to start sampling all trended points in a given trend or group of trends at the same exact time.
	10. Specifications for standard trends shall be able to be set up by the user and be saved by a name and initiated by only recalling the name.  The control contractor shall assist the operators in setting up at least six standard trends during training.
	11. A key for the names and definitions of all point abbreviations (both physical and virtual) shall be provided.
	12. The system shall have the ability to automatically accumulate and store run-time hours of digital input and output points and to count events (totalization and counting functions).
	13. Ideal, but not required, shall be the capability to graph with the control system software, one or more points against another, rather than just against time.


	1.10 TEMPORARY PROGRAMMING AND TESTING TERMINAL
	A. If the permanent terminal and display is graphical for viewing values and setpoints, and the update time for the graphical display is considered by the CA to be too slow, the controls contractor shall provide and set up, during the entire functiona...

	1.11 GLOBAL COMMAND CAPABILITY
	A. The system shall be capable of executing from the central control terminal, temporary or permanent global commands, such as a change in space temperature setpoint.

	1.12 COMMISSIONING AND MONITORING POINTS
	A. All control points of the central building automation system, required to automatically control the equipment specified in the Contract Documents and to execute all specified control sequences, shall be installed and be able to be monitored.  To si...

	1.13 TEST PORTS
	A. The controls contractor shall provide test ports for handheld instrument readings near all piping system sensors in the primary system (not at the zone level).

	1.14 GAGES
	A. The controls contractor shall provide gages in the following locations, even if included as a sensor and monitored point in the control system:
	1. Pressure gages on both sides of all pumps greater than 1 hp.
	2. Mercury thermometers in the return and supply of all primary thermal plant equipment (chillers, cooling towers, boilers, converters, etc.).


	1.15 TESTING, ADJUSTING AND BALANCING CONTRACTOR'S RESPONSIBILITIES
	A. TAB will be responsible to carry out the commissioning requirements specified in Section 23 05 93 and other sections referenced in Part 4 thru 7 below.

	1.16 ADDITIONAL RESPONSIBILITIES
	A. Mechanical, Controls and TAB Contractors.  The commissioning responsibilities applicable to each of the mechanical, controls and TAB contractors are as follows (all references apply to commissioned equipment only):
	B. Construction and Acceptance Phases
	1. Include and itemize the cost of commissioning in the contract price.
	2. In each purchase order or subcontract written, include requirements for submittal data, commissioning documentation, O&M data and training.
	3. Attend a commissioning scoping meeting and other meetings necessary to facilitate the Cx process.
	4. Contractors shall provide the CA with normal cut sheets and shop drawing submittals of commissioned equipment.
	5. Provide additional requested documentation, prior to normal O&M manual submittals, to the CA for development of start-up and functional testing procedures.
	a. Typically this will include detailed manufacturer installation and start-up, operating, troubleshooting and maintenance procedures, full details of any DOC-contracted tests, fan and pump curves, full factory testing reports, if any, and full warran...
	b. The Commissioning Agent may request further documentation necessary for the commissioning process.
	c. This data request may be made prior to normal submittals.
	6. Provide a copy of the O&M manuals and submittals of commissioned equipment, through normal channels, to the CA for review and approval.
	7. Contractors shall assist (along with the design engineers) in clarifying the operation and control of commissioned equipment in areas where the specifications, control drawings or equipment documentation is not sufficient for writing detailed testi...
	8. Provide limited assistance to the CA in preparing the specific functional performance test procedures as specified in Part 7.6.  Subs shall review test procedures to ensure feasibility, safety and equipment protection and provide necessary written ...
	9. Develop a full start-up and initial checkout plan using manufacturer’s start-up procedures and the prefunctional checklists from the CA for all commissioned equipment.  Submit to CA for review and approval prior to startup.  Refer to Part 7.4 below...
	10. During the startup and initial checkout process, execute the mechanical-related portions of the prefunctional checklists for all commissioned equipment.
	11. Perform and clearly document all completed startup and system operational checkout procedures, providing a copy to the CA.
	12. Address current A/E punch list items before functional testing.  Air and water TAB shall be completed with discrepancies and problems remedied before functional testing of the respective air- or water-related systems.
	13. Provide skilled technicians to execute starting of equipment and to execute the functional performance tests.  Ensure that they are available and present during the agreed upon schedules and for sufficient duration to complete the necessary tests,...
	14. Provide skilled technicians to perform functional performance testing under the direction of the CA for specified equipment in Part 4 through 7.  Assist the CA in interpreting the monitoring data, as necessary.
	15. Correct deficiencies (differences between specified and observed performance) as interpreted by the CA, DOC and A/E and retest the equipment.
	16. Prepare O&M manuals according to the Contract Documents, including clarifying and updating the original sequences of operation to as-built conditions.
	17. During construction, maintain as-built red-line drawings for all drawings and final CAD as-builts for contractor-generated coordination drawings. Update after completion of commissioning (excluding deferred testing).
	18. Provide training of the DOC’s operating staff using expert qualified personnel, as specified.
	19. Coordinate with equipment manufacturers to determine specific requirements to maintain the validity of the warranty.

	C. Warranty Period
	20. Execute seasonal or deferred functional performance testing, witnessed by the CA, according to the specifications.
	21. Correct deficiencies and make necessary adjustments to O&M manuals and as-built drawings for applicable issues identified in any seasonal testing.

	D. Mechanical Contractor.  The responsibilities of the HVAC mechanical contractor, during construction and acceptance phases in addition to those listed in (A) are:
	22. Provide startup for all HVAC equipment, except for the building automation control system.
	23. Assist and cooperate with the TAB contractor and CA by:
	a. Putting all HVAC equipment and systems into operation and continuing the operation during each working day of TAB and commissioning, as required.
	b. Including cost of sheaves and belts that may be required by TAB.
	c. Providing temperature and pressure taps according to the Construction Documents for TAB and commissioning testing.
	24. Install a P/T plug at each water sensor which is an input point to the control system.
	25. List and clearly identify on the as-built drawings the locations of all air-flow stations.
	26. Prepare a preliminary schedule for Division 23 pipe system testing, flushing and cleaning, equipment start-up and TAB start and completion for use by the CA.  Update the schedule as appropriate.
	27. Notify the DOC or CA depending on protocol, when pipe system testing, flushing, cleaning, startup of each piece of equipment and TAB will occur.  Be responsible to notify the DOC or CA, ahead of time, when commissioning activities not yet performe...

	B. Controls Contractor.  The commissioning responsibilities of the controls contractor, during construction and acceptance phases in addition to those listed in (A) are:
	1. Sequences of Operation Submittals.  The Controls Contractor’s submittals of control drawings shall include complete detailed sequences of operation for each piece of equipment, regardless of the completeness and clarity of the sequences in the spec...
	a. An overview narrative of the system (1 or 2 paragraphs) generally describing its purpose, components and function.
	b. All interactions and interlocks with other systems.
	c. Detailed delineation of control between any packaged controls and the building automation system, listing what points the BAS monitors only and what BAS points are control points and are adjustable.
	d. Written sequences of control for packaged controlled equipment.  (Equipment manufacturers’ stock sequences may be included, but will generally require additional narrative).
	e. Start-up sequences.
	f. Warm-up mode sequences.
	g. Normal operating mode sequences.
	h. Unoccupied mode sequences.
	i. Shutdown sequences.
	j. Capacity control sequences and equipment staging.
	k. Temperature and pressure control:  setbacks, setups, resets, etc.
	l. Detailed sequences for all control strategies, e.g., economizer control, optimum start/stop, staging, optimization, demand limiting, etc.
	m. Effects of power or equipment failure with all standby component functions.
	n. Sequences for all alarms and emergency shut downs.
	o. Seasonal operational differences and recommendations.
	p. Initial and recommended values for all adjustable settings, setpoints and parameters that are typically set or adjusted by operating staff; and any other control settings or fixed values, delays, etc. that will be useful during testing and operatin...
	q. Schedules, if known.
	r. To facilitate referencing in testing procedures, all sequences shall be written in small statements, each with a number for reference.  For a given system, numbers will not repeat for different sequence sections, unless the sections are numbered.
	2. Control Drawings Submittal
	a. The control drawings shall have a key to all abbreviations.
	b. The control drawings shall contain graphic schematic depictions of the systems and each component.
	c. The schematics will include the system and component layout of any equipment that the control system monitors, enables or controls, even if the equipment is primarily controlled by packaged or integral controls.
	d. Provide a full points list with at least the following included for each point:
	1) Controlled system
	2) Point abbreviation
	3) Point description
	4) Display unit
	5) Control point or setpoint (Yes / No)
	6) Monitoring point (Yes / No)
	7) Intermediate point (Yes / No)
	8) Calculated point (Yes / No)
	a. Key:
	b. Point Description: DB temp, airflow, etc.
	c. Control or Setpoint: Point that controls equipment and can have its setpoint changed (OSA, SAT, etc.)
	d. Intermediate Point: Point whose value is used to make a calculation which then controls equipment (space temperatures that are averaged to a virtual point to control reset).
	e. Monitoring Point: Point that does not control or contribute to the control of equipment, but is used for operation, maintenance, or performance verification.
	f. Calculated Point: “Virtual” point generated from calculations of other point values.
	9)  The Controls Contractor shall keep the CA informed of all changes to this list during programming and setup.
	3. An updated as-built version of the control drawings and sequences of operation shall be included in the final controls O&M manual submittal.
	4. Assist and cooperate with the TAB contractor in the following manner:
	a. Meet with the TAB contractor prior to beginning TAB and review the TAB plan to determine the capabilities of the control system toward completing TAB.  Provide the TAB any needed unique instruments for setting terminal unit boxes and instruct TAB i...
	b. For a given area, have all required prefunctional checklists, calibrations, startup and selected functional tests of the system completed and approved by the CA prior to TAB.
	c. Provide a qualified technician to operate the controls to assist the TAB contractor in performing TAB, or provide sufficient training for TAB to operate the system without assistance.
	5. Assist and cooperate with the CA in the following manner:
	a. Using a skilled technician who is familiar with this building, execute the functional testing of the controls system as specified for the controls contractor in following sections. Assist in the functional testing of all equipment specified in foll...
	b. Execute all control system trend logs specified in following portions of the section.
	6. The controls contractor shall prepare a written plan indicating in a step-by-step manner, the procedures that will be followed to test, checkout and adjust the control system prior to functional performance testing, according to the process in Part...
	a. System name.
	b. List of devices.
	c. Step-by-step procedures for testing each controller after installation, including:
	1) Process of verifying proper hardware and wiring installation.
	2) Process of downloading programs to local controllers and verifying that they are addressed correctly.
	3) Process of performing operational checks of each controlled component.
	4) Plan and process for calibrating valve and damper actuators and all sensors.
	5) A description of the expected field adjustments for transmitters, controllers and control actuators should control responses fall outside of expected values.
	d. A copy of the log and field checkout sheets that will document the process.  This log must include a place for initial and final read values during calibration of each point and clearly indicate when a sensor or controller has “passed” and is opera...
	e. A description of the instrumentation required for testing.
	f. Indicate what tests on what systems should be completed prior to TAB using the control system for TAB work.  Coordinate with the CA and TAB contractor for this determination.
	7. Provide a signed and dated certification to the CA and DOC upon completion of the checkout of each controlled device, equipment and system prior to functional testing for each piece of equipment or system, that all system programming is complete as...
	8. Beyond the control points necessary to execute all documented control sequences, provide monitoring, control and virtual points as specified in Section 23 09 00.
	9. List and clearly identify on the as-built piping drawings the locations of all static and differential pressure sensors (air, water and building pressure).

	C. TAB Contractor.  The duties of the TAB contractor, in addition to those listed in (A) are:
	1. Six weeks prior to starting TAB, submit to the DOC the qualifications of the site technician for the project, including the name of the contractors and facility managers of recent projects the technician on which was lead.  The DOC will approve the...
	2. Submit the outline of the TAB plan and approach for each system and component to the CA, DOC and the controls contractor six weeks prior to starting the TAB.  This plan will be developed after the TAB has some familiarity with the control system.
	3. The submitted plan will include:
	a. Certification that the TAB contractor has reviewed the construction documents and the systems with the design engineers and contractors to sufficiently understand the design intent for each system.
	b. An explanation of the intended use of the building control system.  The controls contractor will comment on feasibility of the plan.
	c. All field checkout sheets and logs to be used that list each piece of equipment to be tested, adjusted and balanced with the data cells to be gathered for each.
	d. Discussion of what notations and markings will be made on the piping drawings during the process.
	e. Final test report forms to be used.
	f. Detailed step-by-step procedures for TAB work for each system and issue:  terminal flow calibration (for each terminal type), diffuser proportioning, branch / submain proportioning, total flow calculations, rechecking, diversity issues, expected pr...
	g. List of all air flow, water flow, sound level, system capacity and efficiency measurements to be performed and a description of specific test procedures, parameters, formulas to be used.
	h. Details of how total flow will be determined (Air:  sum of terminal flows via BAS calibrated readings or via hood readings of all terminals, supply (SA) and return air (RA) pitot traverse, SA or RA flow stations.  Water:  pump curves, circuit sette...
	i. The identification and types of measurement instruments to be used and their most recent calibration date.
	j. Specific procedures that will ensure that both air and water side are operating at the lowest possible pressures and provide methods to verify this.
	k. Confirmation that TAB understands the outside air ventilation criteria under all conditions.
	l. Details of whether and how minimum outside air cfm will be verified and set, and for what level (total building, zone, etc.).
	m. Details of how building static and exhaust fan / relief damper capacity will be checked.
	n. Proposed selection points for sound measurements and sound measurement methods.
	o. Details of methods for making any specified coil or other system plant capacity measurements.
	p. Details of any TAB work to be done in phases (by floor, etc.), or of areas to be built out later.
	q. Details regarding specified deferred or seasonal TAB work.
	r. Details of any specified false loading of systems to complete TAB work.
	s. Details of all exhaust fan balancing and capacity verifications, including any required room pressure differentials.
	t. Details of any required interstitial cavity differential pressure measurements and calculations.
	u. Plan for hand-written field technician logs of discrepancies, deficient or uncompleted work by others, contract interpretation requests and lists of completed tests (scope and frequency).
	v. Plan for formal progress reports (scope and frequency).
	w. Plan for formal deficiency reports (scope, frequency and distribution).
	4. A running log of events and issues shall be kept by the TAB field technicians.  Submit hand-written reports of discrepancies, deficient or uncompleted work by others, contract interpretation requests and lists of completed tests to the CA and DOC a...
	5. Communicate in writing to the controls contractor all setpoint and parameter changes made or problems and discrepancies identified during TAB which affect the control system setup and operation.
	6. Provide a draft TAB report within two weeks of completion.  A copy will be provided to the CA.  The report will contain a full explanation of the methodology, assumptions and the results in a clear format with designations of all uncommon abbreviat...
	7. Provide the CA with any requested data, gathered, but not shown on the draft reports.
	8. Provide a final TAB report for the CA with details, as in the draft.
	9. Conduct functional performance tests and checks on the original TAB as specified for TAB in Part 4 through 7 below.

	D. Mechanical Designer.  Refer to Part 4 through 7 below for the responsibilities of the mechanical designer.


	PART 2 –PRODUCTS
	2.1 (NONE)

	PART 3 -EXECUTION
	A. Division 23 shall provide submittal documentation relative to commissioning as required in this Section Part 1, Part 4 through 7 below.
	A. The HVAC mechanical and controls contractors shall follow the start-up and initial checkout procedures listed in the Responsibilities list in this section.  Division 23 has start-up responsibility and is required to complete systems and sub-systems...
	B. Functional testing is intended to begin upon completion of a system.  Functional testing may proceed prior to the completion of systems or sub-systems at the discretion of the CA and DOC.  Beginning system testing before full completion, does not r...
	A. Refer to the TAB responsibilities in Part 1.2 above.
	A. Refer to Part 4 through 7 below, Part 4.1 for a list of systems to be commissioned and to Part 4 for a description of the process and to Part 5 through 7 below for specific details on the required functional performance tests.
	A. Refer to Part 4.6 & 7.4 for specific details on non-conformance issues relating to prefunctional checklists and tests.
	B. Refer to Part 7.6 for issues relating to functional performance tests.
	A. The following O&M manual requirements do not replace O&M manual documentation requirements elsewhere in these specifications.
	B. Division 23 shall compile and prepare documentation for all equipment and systems covered in Division 23 and deliver this documentation to the PRIME CONTRACTOR for inclusion in the O&M manuals, according to this section, prior to the training of DO...
	C. The CA shall receive a copy of the O&M manuals for review.
	D. Special Control System O&M Manual Requirements.  In addition to documentation that may be specified elsewhere, the controls contractor shall compile and organize at minimum the following data on the control system in labeled 3-ring binders with ind...
	1. Three copies of the controls training manuals in a separate manual from the O&M manuals.
	2. Operation and Maintenance Manuals containing:
	a. Specific instructions on how to perform and apply all functions, features, modes, etc. mentioned in the controls training sections of this specification and other features of this system.  These instructions shall be step-by-step.  Indexes and clea...
	b. Full as-built set of control drawings (refer to Submittal section above for details).
	c. Full as-built sequence of operations for each piece of equipment.
	d. Full points list.  In addition to the updated points list required in the original submittals (Part 1 of this section), a listing of all rooms shall be provided with the following information for each room:
	e. Full print out of all schedules and set points after testing and acceptance of the system.
	f. Full as-built print out of software program.
	g. Electronic copy on disk of the entire program for this facility.
	h. Marking of all system sensors and thermostats on the as-built floor plan and mechanical drawings with their control system designations.
	i. Maintenance instructions, including sensor calibration requirements and methods by sensor type, etc.
	j. Control equipment component submittals, parts lists, etc.
	k. Warranty requirements.
	l. Copies of all checkout tests and calibrations performed by the Contractor (not commissioning tests).
	3. The manual shall be organized and subdivided with permanently labeled tabs for each of the following data in the given order:
	a. Sequences of operation
	b. Control drawings
	c. Points lists
	d. Controller / module data
	e. Thermostats and timers
	f. Sensors and DP switches
	g. Valves and valve actuators
	h. Program setups (software program printouts)
	4. Field checkout sheets and trend logs should be provided to the CA for inclusion in the Commissioning Record Book.

	E. Special TAB Documentation Requirements.  The TAB will compile and submit the following with other documentation that may be specified elsewhere in the Specifications.
	1. Final report containing an explanation of the methodology, assumptions, test conditions and the results in a clear format with designations of all uncommon abbreviations and column headings.
	2. The TAB shall mark on the drawings where all traverse and other critical measurements were taken and cross reference the location in the TAB report.

	F. Review and Approvals.  Review of the commissioning related sections of the O&M manuals shall be made by the A/E and by the CA.  Refer to Part 7.8 for details.
	A. The PRIME CONTRACTOR shall be responsible for training coordination and scheduling and ultimately to ensure that training is completed.
	B. The CA shall be responsible for overseeing and approving the content and adequacy of the training of DOC personnel for commissioned equipment. Refer to 7.9.
	C. Mechanical Contractor.  The mechanical contractor shall have the following training responsibilities:
	1. Provide the CA with a training plan two weeks before the planned training according to the outline described in Part 5 through 7 below.
	2. Provide designated DOC personnel with comprehensive orientation and training in the understanding of the systems and the operation and maintenance of each piece of HVAC equipment including, but not limited to, pumps, boilers, furnaces, chillers, he...
	3. Training shall normally start with classroom sessions followed by hands-on training on each piece of equipment, which shall illustrate the various modes of operation, including startup, shutdown, fire/smoke alarm, power failure, etc.
	4. During any demonstration, should the system fail to perform in accordance with the requirements of the O&M manual or sequence of operations, the system will be repaired or adjusted as necessary and the demonstration repeated.
	5. The appropriate trade or manufacturer's representative shall provide the instructions on each major piece of equipment.  This person may be the start-up technician for the piece of equipment, the installing contractor or manufacturer’s representati...
	6. The controls contractor shall attend sessions other than the controls training, as requested, to discuss the interaction of the controls system as it relates to the equipment being discussed.
	7. The training sessions shall follow the outline in the Table of Contents of the operation and maintenance manual and illustrate whenever possible the use of the O&M manuals for reference.
	8. Training shall include:
	a. Use of the printed installation, operation and maintenance instruction material included in the O&M manuals.
	b. A review of the written O&M instructions emphasizing safe and proper operating requirements, preventative maintenance, special tools needed and spare parts inventory suggestions.  The training shall include start-up, operation in all modes possible...
	c. Discussion of relevant health and safety issues and concerns.
	d. Discussion of warranties and guarantees.
	e. Common troubleshooting problems and solutions.
	f. Explanatory information included in the O&M manuals and the location of all plans and manuals in the facility.
	g. Discussion of any peculiarities of equipment installation or operation.
	h. The format and training agenda in HVAC&R Technical Requirements for the Commissioning Process, ASHRAE Guideline 1.1 -2007 is recommended.
	i. Classroom sessions shall include the use of overhead projections, slides, video/audio-taped material as might be appropriate.
	9. Hands-on training shall include start-up, operation in all modes possible, including manual, shut-down and any emergency procedures and preventative maintenance for all pieces of equipment.
	10. The mechanical contractor shall fully explain and demonstrate the operation, function and overrides of any local packaged controls, not controlled by the central control system.
	11. Training shall occur after functional testing is complete, unless approved otherwise by the Project Manager.
	12. Duration of Training.  The mechanical contractor shall provide 8 hours of training on each piece of equipment listed on the drawing schedules.

	D. Controls Contractor.  The controls contractor shall have the following training responsibilities:
	1. Provide the CA with a training plan four weeks before the planned training according to the outline described in Part 5 through 7 below.
	2. The controls contractor shall provide designated DOC personnel training on the control system in this facility.  The intent is to clearly and completely instruct the DOC on all the capabilities of the control system.
	3. Training manuals.  The standard operating manual for the system and any special training manuals will be provided for each trainee, with three extra copies left for the O&M manuals.  In addition, copies of the system technical manual will be demons...
	4. The trainings will be tailored to the needs and skill-level of the trainees.
	5. The trainers will be knowledgeable on the system and its use in buildings.  For the on-site sessions, the most qualified trainer(s) will be used.  The DOC shall approve the instructor prior to scheduling the training.
	6. During any demonstration, should the system fail to perform in accordance with the requirements of the O&M manual or sequence of operations, the system will be repaired or adjusted as necessary and the demonstration repeated.
	7. The controls contractor shall attend sessions other than the controls training, as requested, to discuss the interaction of the controls system as it relates to the equipment being discussed.
	8. There shall be three training sessions:
	a. Training I.  Control System.  The first training shall consist of 8 hours of actual training.  This training may be held on-site or in the supplier’s facility.  If held off-site, the training may occur prior to final completion of the system instal...
	b. Training II.  Building Systems.  The second session shall be held on-site for a period of 8 hours of actual hands-on training after the completion of system commissioning.   The session shall include instruction on:
	1) Specific hardware configuration of installed systems in this building and specific instruction for operating the installed system, including HVAC systems, lighting controls and any interface with security and communication systems.
	2) Security levels, alarms, system start-up, shut-down, power outage and restart routines, changing setpoints and alarms and other typical changed parameters, overrides, freeze protection, manual operation of equipment, optional control strategies tha...
	3) All trending and monitoring features (values, change of state, totalization, etc.), including setting up, executing, downloading, viewing both tabular and graphically and printing trends.  Trainees will actually set-up trends in the presence of the...
	4) Every screen shall be completely discussed, allowing time for questions.
	5) Use of keypad or plug-in laptop computer at the zone level.
	6) Use of remote access to the system via phone lines or networks.
	7) Setting up and changing an air terminal unit controller.
	8) Graphics generation
	9) Point database entry and modifications
	10) Understanding DDC field panel operating programming (when applicable)
	c. Training III.  The third training will be conducted on-site six months after occupancy and consist of 8 hours of training.  The session will be structured to address specific topics that trainees need to discuss and to answer questions concerning o...

	E. TAB: The TAB contractor shall have the following training responsibilities:
	1. TAB shall meet for 8 hours with facility staff after completion of TAB and instruct them on the following:
	a. Go over the final TAB report, explaining the layout and meanings of each data type.
	b. Discuss any outstanding deficient items in control or design that may affect the proper delivery of air or water.
	c. Identify and discuss any pumps that are close to or are not meeting their design capacity.
	d. Discuss any temporary settings and steps to finalize them for any areas that are not finished.
	e. Other salient information that may be useful for facility operations, relative to TAB.

	A. Refer to Part 7.10 for requirements of deferred testing.
	A. Written work products of Contractors will consist of the start-up and initial checkout plan described in Part 7.11 below and the filled out start-up, initial checkout and prefunctional checklists.

	PART 4 - MECHANICAL TESTING REQUIREMENTS
	A. The following is a list of the equipment and system test requirements included in this section:
	A. This section specifies the functional testing requirements for Division 23 systems and equipment. From these requirements, the Commissioning Authority (CA) shall develop step-by-step procedures to be executed by the Subs or the Commissioning Author...
	1. The contractors responsible to execute the tests, under the direction of the CA.
	2. A list of the integral components being tested.
	3. Prefunctional checklists associated with the components.
	4. Functions and modes to be tested.
	5. Required conditions of the test for each mode.
	6. Special procedures.
	7. Required methods of testing.
	8. Required monitoring.
	9. Acceptance criteria.
	10. Sampling strategies allowed.

	A. The following applicable generic prerequisite checklist items are required to be listed on each written functional test form and be completed and checked off by CA prior to functional testing.
	A. Monitoring is a method of testing as a stand-alone method or to augment manual testing.
	B. All points listed in the required monitoring section of the test requirements which are control system monitored points shall be trended by the controls contractor.  Other points shall be monitored by the CA using dataloggers.  At the option of the...
	C. Hard copies of monitored data must be in columnar format with time down the left column and at least 5 columns of point values on the same page.
	D. Graphical output is desirable, and will be required for all output, if the system can produce it.
	1. The Building Automation System shall consist of a number of Nodes and associated equipment connected by industry standard network practices.  All communication between Nodes shall be by digital means only.
	2. The Building Automation System network shall at minimum comprise of the following:
	2 a. Operator Workstations – fixed and portable.
	3 b. Network processing, data storage and communication equipment including file servers.
	4 c. Routers, bridges, switches, hubs, modems and the like communications equipment.
	5 d. Active processing Nodes including field panels.
	6 e. Intelligent and addressable elements and end devices.
	7 f. Third-party equipment interfaces.
	8 g. Other components required for a complete and working Building Automation System.

	3. The Building Automation System shall be accessible via Enterprise Intranet and Internet browser with security protection for user access.
	4. The Building Automation System shall support auto-dial/auto-answer communications to allow Building Automation System Nodes to communicate with other remote BMS Nodes via standard telephone lines.
	5. The PC Workstations, File servers and principal network equipment shall be standard products of recognized major manufacturers available through normal PC vendor channels.  “Clones” are not acceptable.
	6. Provide licenses for all software residing in the Building Automation System and transfer these licenses to the DOC prior to completion.
	B. Network
	1. The Building Automation System shall incorporate a primary Tier 1 network.  At the Contractor’s option, the Building Automation System may also incorporate integrated secondary Tier 2 and tertiary Tier 3 networks.
	2. The Building Automation System Network shall utilize an open architecture capable of:
	9 a. Utilizing standard Ethernet communications and operate at a minimum speed of 10Mb/sec
	10 b. Connecting via BACnet.

	3. The Building Automation System network shall support both copper and optical fiber communication media.

	C. Third-Party Interfaces
	1. Building Automation System Contractor shall integrate real-time data from systems supplied by other trades as required.
	2. The Building Automation System shall include necessary Building Automation System hardware equipment and software to allow data communications between the Building Automation System and systems supplied by other trades.
	3. The trade contractor supplying other systems will provide their necessary hardware and software and will cooperate fully with the Building Automation System Contractor in a timely manner at their cost to ensure the complete data integration.
	4. The Building Automation System Contractor shall provide all necessary coordination with vendors, contractors, DOC, engineers, and other representatives at no additional cost to DOC.  Provide a completed fully functional, operational, integrated and...

	D. Power Fail / Auto Restart
	1. Provide for the automatic orderly and predefined shutdown of parts or all of the Building Automation System following total loss of power to parts or all of the Building Automation System.
	2. Provide for the automatic orderly and predefined startup of parts or all of the Building Automation System following total loss of power to those parts or all of the Building Automation System.  Archive and annunciate time and details of restoration.
	3. Provide for the orderly and predefined scheduling of controlled return to normal, automatically time scheduled, operation of controlled equipment as a result of the auto restart processes.
	4. Maintain the Building Automation System real-time clock operation during periods of power outage for a minimum of 72 hours.
	5. As part of this required feature of Power Fail/Auto Restart, the ATC Contractor shall provide uninterruptible power supplies (UPS) for the entire Building Automation System networked infrastructure including all third party interfaces and determine...

	E. Downloading and Uploading
	1. Provide the capability to generate Building Automation System software-based sequences, database items and associated operational definition information and user-required revisions to same on designated Operator Workstations and the means to downlo...
	2. Provide the capability to upload Building Automation System operating software information, database items, sequences and alarms to the designated Operator Workstations with automatic archiving of same on the Operator Workstations. The functions of...
	3. The entire control system shall be approved and listed by UL 916 - Energy Management.
	4. All DDC panels shall be powered through uninterruptible power sources (UPS) with sufficient capacity to ride through a (2) minute power interruption between transfers from normal to emergency power. UPS’s and wiring shall be provided by the ATC Con...
	5. Uploading or downloading functions performed at any location shall not affect controllers, communications, inputs, outputs at any location or address within the Building Automation Control Architecture nor shall any controller level functions be di...
	F. Application Nodes (AN)
	1. General
	a. The Application Nodes shall include all monitoring, control and information Nodes including field panels.
	b. Application Nodes shall be programmable and governed by the requirements of their applicable codes, approvals and regulations.
	c. The Application Nodes shall be designed, packaged, installed, programmed and commissioned in consideration of their specific service and prevailing operating conditions.  They shall be proven standard product of their original manufacturer and not ...
	d. A failure at an Application Node shall not cause failures or non-normal operation at any other system Application Node other than the possible loss of active real-time information from the failed Application Node.
	e. Ancillary Application Node equipment, including interfaces and power supplies, shall not be operated at more than 80% of their rated service capacity.
	2. HVAC Node
	a. HVAC Node shall provide both standalone and networked direct digital control of HVAC systems.
	A dedicated HVAC Node shall be configured and provided for each primary HVAC system (air handler, chiller, boiler). b. Each HVAC Node shall be able to retain program, control algorithms, setpoints, logic and command information through the use of non-...
	c. Each HVAC Node shall report its communication status to the Building Automation System.  The Building Automation System shall provide a system advisory upon communication failure and restoration.
	d. For each primary HVAC system, provide means of indication of system performance and setpoints at, or adjacent to the HVAC Node.
	e. For each primary HVAC system, provide a means to adjust setpoints and start/stop equipment at, or adjacent to the HVAC Node.
	f. Provide a means to prevent unauthorized personnel form accessing setpoint adjustments and equipment control functions.
	g. The HVAC Node shall provide the ability to download and upload configuration data, both locally at the Node and via the FMS communications network.
	h. The HVAC Node shall be provided with a permanently-mounted local graphic terminal where required in the sequences of this specification. The local graphic terminal shall provide a dynamic graphical representation of the associated system status wit...
	i. Each HVAC mode shall be a dedicated controller without the need to use expansion modules to accomplish the entire primary control sequences. Sharing controller, sensor, input/output data over any high level or low level network to accomplish the sp...
	Global sharing of general data such as OA-T, OA-RH OA-CO2 levels between controllers over the BMS network is acceptable as long as speed of transmitting the data des not impact the HVAC mode controller ability to perform in any mode of operation.
	j. If it is determined that the HVAC mode controller cannot perform specified sequence of operation because of dependency for shared information that Contractor shall provide a higher level controller at no additional cost.  This change shall be ident...

	G. Internet / Intranet Browser
	1. A multi-user color graphics and textual interface shall be provided that allows customers to access their Building Automation System data via the Internet or Intranet. This interface shall use HTML-based pages to send and receive data from a Buildi...
	2. Browser shall:
	11 a. Automatically reflect any changes made to the Building Automation System without additional programming.
	12 b. When installed behind a corporate firewall, shall work in conjunction with other security measures that have been implemented.
	13 c. Allow the user to navigate and command the Building Automation System using the same format as the Operator Workstation.
	14 d. Be an industry-standard browser
	15 e. Provide user password access control.
	16 f. Provide the means by which the user can create, edit and view groups of FMS data points.
	17 g. Provide navigation tools for moving between the views. In addition, it shall provide tools for gaining access to help and for logging out of the system.


	H. Paging
	1. Provide the means of automatic alphanumeric paging of personnel for user-defined Building Automation System events.
	18 a. System shall support both numeric and alpha-numeric pagers, using Alphanumeric, PET, or IXO Protocol at the DOC’s option.
	19 b. Users shall have the ability to modify the phone number or message to be displayed on the pager through the system software.
	20 c. System shall utilize pager schedules to send pages to the personnel that are “on-call”.
	21 d. Contractor shall be responsible for providing a modem for connection to the paging service.




	1.01 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including other Division 1 Specification Sections, apply to this Section.
	1.02 WORK INCLUDED
	A. Furnish and install all steam and condensate specialties and equipment to make complete and operations systems.
	B. All systems shall be installed in accordance with local code including vent piping and relief discharge termination points.
	C. Secure all permits and local/state approvals for the installation of all components included under this Section.
	1.03 RELATED SECTIONS
	1.04 REFERENCES
	1. ANSI:  American National Standards Institute
	2. A13.1:  Scheme for Identification of Piping Systems
	3. B16.1:  Cast Iron Pipe Flanges and Flanged Fittings
	4. B16.3:  Malleable Iron Threaded Fittings
	5. B16.4:  Cast Iron Threaded Fittings
	6. B31.1:  Power Piping
	7. B36.10:  Welded and Seamless Wrought Steel Pipe

	8. ASTM:  American Society for Testing and Materials
	a. A 234/A23AM:  Pipe Fittings of Wrought Carbon Steel and Alloy / Rev A:  Steel for Moderate and Elevated Temperature
	b. A 395 – Standard Specification for Ferric Ductile Iron Pressure-Retaining Castings for Use at Elevated Temperatures
	c. F 36:  Compressibility and Recovery of Gasket Materials
	d. F 37:  Sealability of Gasket Material

	9. ASME
	a. ASME (BPV IX) – Boiler and Pressure Vessel Code, Section IX – Welding and Brazing Qualification
	b. ASME B16.3 – Malleable Iron Threaded Fittings Class 150 and 300
	c. ASME B16.18 – Cast Copper Alloy Solder Joint Pressure Fittings
	d. ASME B16.22 – Wrought Copper and Copper Alloy Solder Joint Pressure Fittings
	e. ASME B31.1 – Code for Power Piping
	f. ASME B31.9 – Building Services Piping; (with Addenda)
	1.05 DESCRIPTION

	A. All specialties shall be a product of the United States of America.  Mill certificate shall be provided as required.

	1.06 SUBMITTALS
	A. See Section 23 05 00 and 01 33 00 for additional requirements.
	B. Manufacturer’s Installation Instructions: Indicate hanging and support methods, joining procedures.
	C. Maintenance Data: Include installation instructions, spare parts lists, exploded assembly views.
	1.07 QUALITY ASSURANCE
	A. Installer: Company specializing in performing work of the type specified in this section, with documented experience.
	1.08 REGULATORY REQUIREMENTS
	A. Conform to ASME B31.9 code for installation of steam and condensate piping systems including specialties.
	B. Welding Materials and Procedures: Conform to ASME (BPV IX) and applicable state labor regulations.
	1.09 DELIVERY, STORAGE AND HANDLING
	A. Provide temporary end caps and closures piping and fittings.  Maintain in place until installation.
	B. Protect piping systems and specialties from entry of foreign materials by temporary covers, completing sections of the work, and isolating parts of completed system.
	1.10 ENVIRONMENTAL
	A. Do not install piping when environmental conditions are outside the specific limitations of the referenced codes and manufacturer’s recommendations.
	PART 2 – P RODUCTS
	PART 3 - EXECUTION
	3.01 GENERAL
	A. Install in accordance with manufacturers recommendations.
	B. Install in accordance with all applicable codes.
	3.02 PRESSURE REDUCING VALVES
	3.03 SAFETY VALVES
	A. Provide as indicate, required by code, and as recommended by manufacturer.
	3.04 STEAM TRAPS
	A. General
	1. Provide drip trap assemblies as follows:
	a. Steam piping
	1) Maximum of 75 feet intervals.
	2) At rising points in piping
	3) At the bottom of all vertical pipes.
	4) At all steam entrance points at building wall.
	B. Traps
	1. Provide dirt pockets at all traps.
	a. Dirt pockets shall be a minimum of 12 inches long.
	2. Provide union on both sides.
	3. Provide inlet with strainer
	4. Provide discharge check valve.
	5. Provide discharge shut off valve.
	6. Locate traps.
	a. So all traps can be accessed for replacement and maintenance.
	b. At steam equipment.
	c. Verify size, number, and locations.
	d. Locate so as not to be subject to freezing.
	e. For domestic hot water heaters coordinate with plumbing and install temperature regulators provided by plumbing.
	7. Connect to the appropriate condensate return system.
	C. Sizing
	1. Minimum trap size shall be ¾”.
	3.05 TESTING
	A. Furnish all labor, material, instruments, supplies and services and bear all costs for the accomplishment of the tests herein specified. Correct all defects appearing under test and repeat the tests until no defects are disclosed; leave the equipme...
	B. Perform all tests other than herein specified which may be required by Legal Authorities or by Agencies to whose requirements this work is to conform.
	C. Furnish all necessary testing apparatus, make all temporary connections and perform all testing operations required, at no additional cost to DOC.
	D. All equipment and piping installed under this Contract shall be tested and found tight. Insulated or otherwise concealed piping shall be tested before being closed in. All leaking joints shall be corrected, retested and found tight. Such tests shal...
	E. Tests performed shall not relieve the Contractor of his responsibility for leaks which may develop after the tests are made.
	F. All piping systems shall be subjected to a hydrostatic test at 1 1/2 times operating pressure measured at the highest point in the system, for a period of (4) hours without drop in pressure.
	G. Tests of piping systems shall be conducted before connections to equipment are made and before piping is covered, buried or otherwise concealed.
	H. Systems found to have leaks shall be subjected to further tests when faulty joints have been repaired or replaced.
	I. Welded joints shall be subjected to a hammer test while under pressure.


	SECTION 23 50 11- BOILER PLANT MECHANICAL EQUIPMENT
	GENERAL
	RELATED WORK
	APPLICABLE PUBLICATIONS
	SUBMITTALS
	AS-BUILT DOCUMENTATION

	PRODUCTS
	FEEDWATER DEAERATOR WITH STORAGE TANK AND ACCESSORIES
	Surge  TANK AND ACCESSORIES
	CENTRIFUGAL MULTI-STAGE BOILER FEEDWATER PUMPS/CONDENSATE TRANSFER PUMPS
	CONDENSATE TRANSFER PUMPS, CLOSE-COUPLED, END SUCTION, CENTRIFUGAL
	CHEMICAL FEED SYSTEMS

	EXECUTION
	INSTALLATION
	TESTING AND BALANCING FEEDWATER DEAERATOR WITH STORAGE TANK AND ACCESSORIES
	STARTUP AND TESTING
	DEMONSTRATION AND TRAINING

	PART 1 - GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Sleeves for raceways and cables.
	2. Sleeve seals.
	3. Grout.
	4. Common electrical installation requirements.


	1.2 SUBMITTALS
	A. Product Data:  For sleeve seals.


	PART 2 - PRODUCTS
	2.1 SLEEVES FOR RACEWAYS AND CABLES
	A. Steel Pipe Sleeves:  ASTM A 53/A 53M, Type E, Grade B, Schedule 40, galvanized steel, plain ends.
	B. Sleeves for Rectangular Openings:  Galvanized sheet steel.
	1. Minimum Metal Thickness:
	a. For sleeve cross-section rectangle perimeter less than 50 inches and no side more than 16 inches, thickness shall be 0.052 inch.
	b. For sleeve cross-section rectangle perimeter equal to, or more than, 50 inches and 1 or more sides equal to, or more than, 16 inches, thickness shall be 0.138 inch.



	2.2 SLEEVE SEALS
	A. Description:  Modular sealing device, designed for field assembly, to fill annular space between sleeve and raceway or cable.
	1. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. Advance Products & Systems, Inc.
	b. Calpico, Inc.
	c. Metraflex Co.
	d. Pipeline Seal and Insulator, Inc.
	e. Or approved equal

	2. Sealing Elements:  EPDM interlocking links shaped to fit surface of cable or conduit.  Include type and number required for material and size of raceway or cable.
	3. Pressure Plates:  Stainless steel.  Include two for each sealing element.
	4. Connecting Bolts and Nuts:  Stainless steel of length required to secure pressure plates to sealing elements.  Include one for each sealing element.


	2.3 GROUT
	A. Nonmetallic, Shrinkage-Resistant Grout:  ASTM C 1107, factory-packaged, nonmetallic aggregate grout, noncorrosive, nonstaining, mixed with water to consistency suitable for application and a 30-minute working time.


	PART 3 - EXECUTION
	3.1 COMMON REQUIREMENTS FOR ELECTRICAL INSTALLATION
	A. Comply with NECA 1.
	B. Measure indicated mounting heights to bottom of unit for suspended items and to center of unit for wall-mounting items.
	C. Headroom Maintenance:  If mounting heights or other location criteria are not indicated, arrange and install components and equipment to provide maximum possible headroom consistent with these requirements.
	D. Equipment:  Install to facilitate service, maintenance, and repair or replacement of components of both electrical equipment and other nearby installations.  Connect in such a way as to facilitate future disconnecting with minimum interference with...
	E. Right of Way:  Give to piping systems installed at a required slope.

	3.2 SLEEVE INSTALLATION FOR ELECTRICAL PENETRATIONS
	A. Electrical penetrations occur when raceways, cables, wireways, cable trays, or busways penetrate concrete slabs, concrete or masonry walls, or fire-rated floor and wall assemblies.
	B. Concrete Slabs and Walls:  Install sleeves for penetrations unless core-drilled holes or formed openings are used.  Install sleeves during erection of slabs and walls.
	C. Use pipe sleeves unless penetration arrangement requires rectangular sleeved opening.
	D. Fire-Rated Assemblies:  Install sleeves for penetrations of fire-rated floor and wall assemblies unless openings compatible with firestop system used are fabricated during construction of floor or wall.
	E. Cut sleeves to length for mounting flush with both surfaces of walls.
	F. Extend sleeves installed in floors 2 inches above finished floor level.
	G. Size pipe sleeves to provide 1/4-inch annular clear space between sleeve and raceway or cable, unless indicated otherwise.
	H. Seal space outside of sleeves with grout for penetrations of concrete and masonry
	1. Promptly pack grout solidly between sleeve and wall so no voids remain.  Tool exposed surfaces smooth; protect grout while curing.

	I. Interior Penetrations of Non-Fire-Rated Walls and Floors:  Seal annular space between sleeve and raceway or cable, using joint sealant appropriate for size, depth, and location of joint.  Comply with requirements in Division 07 Section "Joint Seale...
	J. Fire-Rated-Assembly Penetrations:  Maintain indicated fire rating of walls, partitions, ceilings, and floors at raceway and cable penetrations.  Install sleeves and seal raceway and cable penetration sleeves with firestop materials.  Comply with re...
	K. Roof-Penetration Sleeves:  Seal penetration of individual raceways and cables with flexible boot-type flashing units applied in coordination with roofing work.
	L. Aboveground, Exterior-Wall Penetrations:  Seal penetrations using steel pipe sleeves and mechanical sleeve seals.  Select sleeve size to allow for 1-inch annular clear space between pipe and sleeve for installing mechanical sleeve seals.
	M. Underground, Exterior-Wall Penetrations:  Install cast-iron pipe sleeves.  Size sleeves to allow for 1-inch annular clear space between raceway or cable and sleeve for installing mechanical sleeve seals.

	3.3 SLEEVE-SEAL INSTALLATION
	A. Install to seal exterior wall penetrations.
	B. Use type and number of sealing elements recommended by manufacturer for raceway or cable material and size.  Position raceway or cable in center of sleeve.  Assemble mechanical sleeve seals and install in annular space between raceway or cable and ...

	3.4 FIRESTOPPING
	A. Apply firestopping to penetrations of fire-rated floor and wall assemblies for electrical installations to restore original fire-resistance rating of assembly.  Firestopping materials and installation requirements are specified in Division 07 Secti...


	PART 1 -  GENERAL
	1.1 SUMMARY
	A. This Section includes the following:
	1. Building wires and cables rated 600 V and less.
	2. Connectors, splices, and terminations rated 600 V and less.
	3. Sleeves and sleeve seals for cables.


	1.2 SUBMITTALS
	A. Product Data:  For each type of product indicated.
	B. Field quality-control test reports.

	1.3 QUALITY ASSURANCE
	A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for intended use.
	B. Comply with NFPA 70.


	PART 2 -  PRODUCTS
	2.1 CONDUCTORS AND CABLES
	A. Copper Conductors:  Comply with NEMA WC 70.
	B. Conductor Insulation:  Comply with NEMA WC 70 for Types THHN-THWN.

	2.2 CONNECTORS AND SPLICES
	A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	1. AFC Cable Systems, Inc.
	2. Hubbell Power Systems, Inc.
	3. O-Z/Gedney; EGS Electrical Group LLC.
	4. 3M; Electrical Products Division.
	5. Tyco Electronics Corp.
	6. Or approved equal

	B. Description:  Factory-fabricated connectors and splices of size, ampacity rating, material, type, and class for application and service indicated.

	2.3 SLEEVES FOR CABLES
	A. Steel Pipe Sleeves:  ASTM A 53/A 53M, Type E, Grade B, Schedule 40, galvanized steel, plain ends.
	B. Cast-Iron Pipe Sleeves:  Cast or fabricated "wall pipe," equivalent to ductile-iron pressure pipe, with plain ends and integral waterstop, unless otherwise indicated.
	C. Coordinate sleeve selection and application with selection and application of firestopping specified in Division 07 Section "Firestopping Smoke Seals."


	PART 3 -  EXECUTION
	3.1 CONDUCTOR MATERIAL APPLICATIONS
	A. Feeders:  Copper.  Solid for No. 10 AWG and smaller; stranded for No. 8 AWG and larger.
	B. Branch Circuits:  Copper.  Solid for No. 10 AWG and smaller; stranded for No. 8 AWG and larger.

	3.2 CONDUCTOR INSULATION AND MULTICONDUCTOR CABLE APPLICATIONS AND WIRING METHODS
	A. Exposed Feeders:  Type THHN-THWN, single conductors in raceway.
	B. Feeders Concealed in Ceilings, Walls, Partitions, and Crawlspaces:  Type THHN-THWN, single conductors in raceway.
	C. Feeders Concealed in Concrete, below Slabs-on-Grade, and Underground:  Type THHN-THWN, single conductors in raceway.
	D. Exposed Branch Circuits, Including in Crawlspaces:  Type THHN-THWN, single conductors in raceway.
	E. Branch Circuits Concealed in Ceilings, Walls, and Partitions:  Type THHN-THWN, single conductors in raceway.
	F. Branch Circuits Concealed in Concrete, below Slabs-on-Grade, and Underground:  Type THHN-THWN, single conductors in raceway.
	G. Class 1 Control Circuits:  Type THHN-THWN, in raceway.
	H. Class 2 Control Circuits:  Type THHN-THWN, in raceway.

	3.3 INSTALLATION OF CONDUCTORS AND CABLES
	A. Conceal cables in finished walls, ceilings, and floors, unless otherwise indicated.
	B. Use manufacturer-approved pulling compound or lubricant where necessary; compound used must not deteriorate conductor or insulation.  Do not exceed manufacturer's recommended maximum pulling tensions and sidewall pressure values.
	C. Use pulling means, including fish tape, cable, rope, and basket-weave wire/cable grips, that will not damage cables or raceway.
	D. Install exposed cables parallel and perpendicular to surfaces of exposed structural members, and follow surface contours where possible.
	E. Support cables according to Division 26 Sections "Hangers and Supports for Electrical Systems."
	F. Identify and color-code conductors and cables according to Division 26 Section "Identification for Electrical Systems."
	G. Tighten electrical connectors and terminals according to manufacturer's published torque-tightening values.  If manufacturer's torque values are not indicated, use those specified in UL 486A and UL 486B.
	H. Make splices and taps that are compatible with conductor material and that possess equivalent or better mechanical strength and insulation ratings than unspliced conductors.
	I. Wiring at Outlets:  Install conductor at each outlet, with at least 12 inches of slack.

	3.4 SLEEVE INSTALLATION FOR ELECTRICAL PENETRATIONS
	A. Coordinate sleeve selection and application with selection and application of firestopping specified in Division 07 Section "Firestopping Smoke Seals."
	B. Concrete Slabs and Walls:  Install sleeves for penetrations unless core-drilled holes or formed openings are used.  Install sleeves during erection of slabs and walls.
	C. Fire-Rated Assemblies:  Install sleeves for penetrations of fire-rated floor and wall assemblies unless openings compatible with firestop system used are fabricated during construction of floor or wall.
	D. Cut sleeves to length for mounting flush with both wall surfaces.
	E. Extend sleeves installed in floors 2 inches above finished floor level.
	F. Size pipe sleeves to provide 1/4-inch annular clear space between sleeve and cable unless sleeve seal is to be installed or unless seismic criteria require different clearance.
	G. Seal space outside of sleeves with grout for penetrations of concrete and masonry and with approved joint compound for gypsum board assemblies.
	H. Interior Penetrations of Non-Fire-Rated Walls and Floors:  Seal annular space between sleeve and cable, using joint sealant appropriate for size, depth, and location of joint according to Division 07 Section "Joint Sealer."
	I. Fire-Rated-Assembly Penetrations:  Maintain indicated fire rating of walls, partitions, ceilings, and floors at cable penetrations.  Install sleeves and seal with firestop materials according to Division 07 Section "Firestopping Smoke Seals."
	J. Roof-Penetration Sleeves:  Seal penetration of individual cables with flexible boot-type flashing units applied in coordination with roofing work.
	K. Aboveground Exterior-Wall Penetrations:  Seal penetrations using sleeves and mechanical sleeve seals.  Size sleeves to allow for 1-inch annular clear space between pipe and sleeve for installing mechanical sleeve seals.
	L. Underground Exterior-Wall Penetrations:  Install cast-iron "wall pipes" for sleeves.  Size sleeves to allow for 1-inch annular clear space between cable and sleeve for installing mechanical sleeve seals.

	3.5 SLEEVE-SEAL INSTALLATION
	A. Install to seal underground exterior-wall penetrations.
	B. Use type and number of sealing elements recommended by manufacturer for cable material and size.  Position cable in center of sleeve.  Assemble mechanical sleeve seals and install in annular space between cable and sleeve.  Tighten bolts against pr...

	3.6 FIRESTOPPING
	A. Apply firestopping to electrical penetrations of fire-rated floor and wall assemblies to restore original fire-resistance rating of assembly according to Division 07 Section "Firestopping Smoke Seals."

	3.7 FIELD QUALITY CONTROL
	A. Perform tests and inspections and prepare test reports.
	B. Tests and Inspections:
	1. Perform each visual and mechanical inspection and electrical test stated in NETA Acceptance Testing Specification.  Certify compliance with test parameters.

	C. Test Reports:  Prepare a written report to record the following:
	1. Test procedures used.
	2. Test results that comply with requirements.
	3. Test results that do not comply with requirements and corrective action taken to achieve compliance with requirements.

	D. Remove and replace malfunctioning units and retest as specified above.


	PART 1 - GENERAL
	1.1 SUMMARY
	A. This Section includes methods and materials for grounding systems and equipment.

	1.2 SUBMITTALS
	A. Product Data:  For each type of product indicated.
	B. Field quality-control test reports.

	1.3 QUALITY ASSURANCE
	A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for intended use.
	B. Comply with UL 467 for grounding and bonding materials and equipment.


	PART 2 - PRODUCTS
	2.1 CONDUCTORS
	A. Insulated Conductors:  Copper wire or cable insulated for 600 V unless otherwise required by applicable Code or authorities having jurisdiction.
	B. Bare Copper Conductors:
	1. Solid Conductors:  ASTM B 3.
	2. Stranded Conductors:  ASTM B 8.
	3. Tinned Conductors:  ASTM B 33.
	4. Bonding Cable:  28 kcmil, 14 strands of No. 17 AWG conductor, 1/4 inch in diameter.
	5. Bonding Conductor:  No. 4 or No. 6 AWG, stranded conductor.
	6. Bonding Jumper:  Copper tape, braided conductors, terminated with copper ferrules; 1-5/8 inches wide and 1/16 inch thick.


	2.2 CONNECTORS
	A. Listed and labeled by a nationally recognized testing laboratory acceptable to authorities having jurisdiction for applications in which used, and for specific types, sizes, and combinations of conductors and other items connected.
	B. Bolted Connectors for Conductors and Pipes:  Copper or copper alloy, bolted pressure-type, with at least two bolts.
	1. Pipe Connectors:  Clamp type, sized for pipe.

	C. Welded Connectors:  Exothermic-welding kits of types recommended by kit manufacturer for materials being joined and installation conditions.


	PART 3 - EXECUTION
	3.1 APPLICATIONS
	A. Conductors:  Install solid conductor for No. 8 AWG and smaller, and stranded conductors for No. 6 AWG and larger, unless otherwise indicated.
	B. Isolated Grounding Conductors:  Green-colored insulation with continuous yellow stripe.  On feeders with isolated ground, identify grounding conductor where visible to normal inspection, with alternating bands of green and yellow tape, with at leas...
	C. Conductor Terminations and Connections:
	1. Pipe and Equipment Grounding Conductor Terminations:  Bolted connectors.
	2. Connections to Structural Steel:  Welded connectors.


	3.2 EQUIPMENT GROUNDING
	A. Install insulated equipment grounding conductors with the following items, in addition to those required by NFPA 70:
	1. Feeders and branch circuits.
	2. Lighting circuits.
	3. Receptacle circuits.
	4. Single-phase motor and appliance branch circuits.
	5. Three-phase motor and appliance branch circuits.
	6. Flexible raceway runs.

	B. Isolated Equipment Enclosure Circuits:  For designated equipment supplied by a branch circuit or feeder, isolate equipment enclosure from supply circuit raceway with a nonmetallic raceway fitting listed for the purpose.  Install fitting where racew...

	3.3 INSTALLATION
	A. Grounding Conductors:  Route along shortest and straightest paths possible, unless otherwise indicated or required by Code.  Avoid obstructing access or placing conductors where they may be subjected to strain, impact, or damage.
	B. Bonding Straps and Jumpers:  Install in locations accessible for inspection and maintenance, except where routed through short lengths of conduit.
	1. Bonding to Structure:  Bond straps directly to basic structure, taking care not to penetrate any adjacent parts.
	2. Bonding to Equipment Mounted on Vibration Isolation Hangers and Supports:  Install so vibration is not transmitted to rigidly mounted equipment.
	3. Use exothermic-welded connectors for outdoor locations, but if a disconnect-type connection is required, use a bolted clamp.

	C. Bonding Interior Metal Ducts:  Bond metal air ducts to equipment grounding conductors of associated fans, blowers, electric heaters, and air cleaners.  Install bonding jumper to bond across flexible duct connections to achieve continuity.

	3.4 FIELD QUALITY CONTROL
	A. Perform the following tests and inspections and prepare test reports:
	1. After installing grounding system but before permanent electrical circuits have been energized, test for compliance with requirements.
	2. Test completed grounding system at each location where a maximum ground-resistance level is specified, at service disconnect enclosure grounding terminal, and at ground test wells.
	a. Measure ground resistance not less than two full days after last trace of precipitation and without soil being moistened by any means other than natural drainage or seepage and without chemical treatment or other artificial means of reducing natura...
	b. Perform tests by fall-of-potential method according to IEEE 81.


	B. Excessive Ground Resistance:  If resistance to ground exceeds specified values, notify Architect promptly and include recommendations to reduce ground resistance.


	PART 1 - GENERAL
	1.1 SUMMARY
	A. Section includes:
	1. Hangers and supports for electrical equipment and systems.
	2. Construction requirements for concrete bases.


	1.2 PERFORMANCE REQUIREMENTS
	A. Delegated Design:  Design supports for multiple raceways, including comprehensive engineering analysis by a qualified professional engineer, using performance requirements and design criteria indicated.
	B. Design supports for multiple raceways capable of supporting combined weight of supported systems and its contents.
	C. Design equipment supports capable of supporting combined operating weight of supported equipment and connected systems and components.
	D. Rated Strength:  Adequate in tension, shear, and pullout force to resist maximum loads calculated or imposed for this Project, with a minimum structural safety factor of five times the applied force.

	1.3 SUBMITTALS
	A. Product Data:  For steel slotted support systems.

	1.4 QUALITY ASSURANCE
	A. Comply with NFPA 70.


	PART 2 - PRODUCTS
	2.1 SUPPORT, ANCHORAGE, AND ATTACHMENT COMPONENTS
	A. Steel Slotted Support Systems:  Comply with MFMA-4, factory-fabricated components for field assembly.
	1. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. Allied Tube & Conduit.
	b. Cooper B-Line, Inc.; a division of Cooper Industries.
	c. ERICO International Corporation.
	d. GS Metals Corp.
	e. Thomas & Betts Corporation.
	f. Unistrut; Tyco International, Ltd.
	g. Wesanco, Inc.
	h. Or approved equal.

	2. Metallic Coatings:  Hot-dip galvanized after fabrication and applied according to MFMA-4.
	3. Channel Dimensions:  Selected for applicable load criteria.

	B. Raceway and Cable Supports:  As described in NECA 1 and NECA 101.
	C. Conduit and Cable Support Devices:  Steel and malleable-iron hangers, clamps, and associated fittings, designed for types and sizes of raceway or cable to be supported.
	D. Support for Conductors in Vertical Conduit:  Factory-fabricated assembly consisting of threaded body and insulating wedging plug or plugs for non-armored electrical conductors or cables in riser conduits.  Plugs shall have number, size, and shape o...
	E. Structural Steel for Fabricated Supports and Restraints:  ASTM A 36/A 36M, steel plates, shapes, and bars; black and galvanized.
	F. Mounting, Anchoring, and Attachment Components:  Items for fastening electrical items or their supports to building surfaces include the following:
	1. Powder-Actuated Fasteners:  Threaded-steel stud, for use in hardened portland cement concrete, steel, or wood, with tension, shear, and pullout capacities appropriate for supported loads and building materials where used.
	a. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	1) Hilti Inc.
	2) ITW Ramset/Red Head; a division of Illinois Tool Works, Inc.
	3) MKT Fastening, LLC.
	4) Simpson Strong-Tie Co., Inc.; Masterset Fastening Systems Unit.
	5) Or approved Equal.


	2. Mechanical-Expansion Anchors:  Insert-wedge-type, zinc-coated steel, for use in hardened portland cement concrete with tension, shear, and pullout capacities appropriate for supported loads and building materials in which used.
	a. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	1) Cooper B-Line, Inc.; a division of Cooper Industries.
	2) Empire Tool and Manufacturing Co., Inc.
	3) Hilti Inc.
	4) ITW Ramset/Red Head; a division of Illinois Tool Works, Inc.
	5) MKT Fastening, LLC.
	6) Or approved Equal.


	3. Concrete Inserts:  Steel or malleable-iron, slotted support system units to be MSS Type 18; complying with MFMA-4 or MSS SP-58 or approved equal.
	4. Clamps for Attachment to Steel Structural Elements:  MSS SP-58, type suitable for attached structural element.
	5. Through Bolts:  Structural type, hex head, and high strength.  Comply with ASTM A 325.
	6. Toggle Bolts:  All-steel springhead type.
	7. Hanger Rods:  Threaded steel.


	2.2 FABRICATED METAL EQUIPMENT SUPPORT ASSEMBLIES
	A. Description:  Welded or bolted, structural-steel shapes, shop or field fabricated to fit dimensions of supported equipment.
	B. Materials:  Comply with requirements in Division 05 Section "Metal Fabrications" for steel shapes and plates.


	PART 3 - EXECUTION
	3.1 APPLICATION
	A. Comply with NECA 1 and NECA 101 for application of hangers and supports for electrical equipment and systems except if requirements in this Section are stricter.
	B. Maximum Support Spacing and Minimum Hanger Rod Size for Raceway:  Space supports for EMT, IMC, and RMC as required by NFPA 70.  Minimum rod size shall be 1/4 inch in diameter.
	C. Multiple Raceways or Cables:  Install trapeze-type supports fabricated with steel slotted support system, sized so capacity can be increased by at least 25 percent in future without exceeding specified design load limits.
	1. Secure raceways and cables to these supports with two-bolt conduit clamps.


	3.2 SUPPORT INSTALLATION
	A. Comply with NECA 1 and NECA 101 for installation requirements except as specified in this Article.
	B. Raceway Support Methods:  In addition to methods described in NECA 1, EMT, and RMC may be supported by openings through structure members, as permitted in NFPA 70.
	C. Strength of Support Assemblies:  Where not indicated, select sizes of components so strength will be adequate to carry present and future static loads within specified loading limits.  Minimum static design load used for strength determination shal...
	D. Mounting and Anchorage of Surface-Mounted Equipment and Components:  Anchor and fasten electrical items and their supports to building structural elements by the following methods unless otherwise indicated by code:
	1. To Wood:  Fasten with lag screws or through bolts.
	2. To New Concrete:  Bolt to concrete inserts.
	3. To Masonry:  Approved toggle-type bolts on hollow masonry units and expansion anchor fasteners on solid masonry units.
	4. To Existing Concrete:  Expansion anchor fasteners.
	5. Instead of expansion anchors, powder-actuated driven threaded studs provided with lock washers and nuts may be used in existing standard-weight concrete 4 inches thick or greater.  Do not use for anchorage to lightweight-aggregate concrete or for s...
	6. To Steel:  Beam clamps (MSS Type 19, 21, 23, 25, or 27) complying with MSS SP-69.
	7. To Light Steel:  Sheet metal screws.
	8. Items Mounted on Hollow Walls and Nonstructural Building Surfaces:  Mount cabinets, panelboards, disconnect switches, control enclosures, pull and junction boxes, transformers, and other devices on slotted-channel racks attached to substrate by mea...

	E. Drill holes for expansion anchors in concrete at locations and to depths that avoid reinforcing bars.

	3.3 INSTALLATION OF FABRICATED METAL SUPPORTS
	A. Comply with installation requirements in Division 05 Section "Metal Fabrications" for site-fabricated metal supports.
	B. Cut, fit, and place miscellaneous metal supports accurately in location, alignment, and elevation to support and anchor electrical materials and equipment.
	C. Field Welding:  Comply with AWS D1.1/D1.1M.

	3.4 CONCRETE BASES
	A. Construct concrete bases of dimensions indicated but not less than 4 inches larger in both directions than supported unit, and so anchors will be a minimum of 10 bolt diameters from edge of the base.
	B. Use 3000-psi, 28-day compressive-strength concrete.  Concrete materials, reinforcement, and placement requirements are specified in Division 03 Section "Cast-in-Place Concrete."
	C. Anchor equipment to concrete base.
	1. Place and secure anchorage devices.  Use supported equipment manufacturer's setting drawings, templates, diagrams, instructions, and directions furnished with items to be embedded.
	2. Install anchor bolts to elevations required for proper attachment to supported equipment.
	3. Install anchor bolts according to anchor-bolt manufacturer's written instructions.


	3.5 PAINTING
	A. Touchup:  Clean field welds and abraded areas of shop paint.  Paint exposed areas immediately after erecting hangers and supports.  Use same materials as used for shop painting.  Comply with SSPC-PA 1 requirements for touching up field-painted surf...
	1. Apply paint by brush or spray to provide minimum dry film thickness of 2.0 mils.

	B. Galvanized Surfaces:  Clean welds, bolted connections, and abraded areas and apply galvanizing-repair paint to comply with ASTM A 780.


	PART 1 - GENERAL
	1.1 SUMMARY
	A. This Section includes raceways, fittings, boxes, enclosures, and cabinets for electrical wiring.

	1.2 SUBMITTALS
	A. Product Data:  For surface raceways, wireways and fittings, floor boxes, hinged-cover enclosures, and cabinets.
	B. Shop Drawings:  For custom enclosures and cabinets.  Include plans, elevations, sections, details, and attachments to other work.

	1.3 QUALITY ASSURANCE
	A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for intended use.
	B. Comply with NFPA 70.


	PART 2 - PRODUCTS
	2.1 METAL CONDUIT AND TUBING
	A. Rigid Steel Conduit:  ANSI C80.1.
	B. EMT:  ANSI C80.3.
	C. FMC:  Zinc-coated steel.
	D. LFMC:  Flexible steel conduit with PVC jacket.
	E. Fittings for Conduit (Including all Types and Flexible and Liquidtight), EMT, and Cable:  NEMA FB 1; listed for type and size raceway with which used, and for application and environment in which installed.
	1. Conduit Fittings for Hazardous (Classified) Locations:  Comply with UL 886.
	2. Fittings for EMT:  Steel or die-cast, compression type.


	2.2 BOXES, ENCLOSURES, AND CABINETS
	A. Sheet Metal Outlet and Device Boxes:  NEMA OS 1.
	B. Cast-Metal Outlet and Device Boxes:  NEMA FB 1, ferrous alloy, Type FD, with gasketed cover.
	C. Metal Floor Boxes:  Cast metal, semi-adjustable, rectangular.
	D. Nonmetallic Floor Boxes:  Nonadjustable, round.
	E. Small Sheet Metal Pull and Junction Boxes:  NEMA OS 1.
	F. Cast-Metal Access, Pull, and Junction Boxes:  NEMA FB 1, cast aluminum with gasketed cover.
	G. Hinged-Cover Enclosures:  NEMA 250, Type 1, with continuous-hinge cover with flush latch, unless otherwise indicated.
	1. Metal Enclosures:  Steel, finished inside and out with manufacturer's standard enamel.

	H. Cabinets:
	1. NEMA 250, Type 1, galvanized-steel box with removable interior panel and removable front, finished inside and out with manufacturer's standard enamel.
	2. Hinged door in front cover with flush latch and concealed hinge.
	3. Key latch to match panelboards.
	4. Metal barriers to separate wiring of different systems and voltage.
	5. Accessory feet where required for freestanding equipment.



	PART 3 - EXECUTION
	3.1 RACEWAY APPLICATION
	A. Outdoors:  Apply raceway products as specified below, unless otherwise indicated:
	1. Exposed Conduit:  Rigid steel conduit.
	2. Concealed Conduit, Aboveground:  EMT.
	3. Underground Conduit:  Rigid steel conduit.
	4. Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic, Electric Solenoid, or Motor-Driven Equipment):  LFMC.
	5. Boxes and Enclosures, Aboveground:  NEMA 250, Type 3R.

	B. Comply with the following indoor applications, unless otherwise indicated:
	1. Exposed, Not Subject to Physical Damage:  Rigid steel conduit.
	2. Exposed, Not Subject to Severe Physical Damage:  Rigid steel conduit.
	3. Exposed and Subject to Severe Physical Damage:  Rigid steel conduit.  Includes raceways in the following locations:
	a. Loading dock.
	b. Corridors used for traffic of mechanized carts, forklifts, and pallet-handling units.
	c. Mechanical rooms.
	d. Garage areas.

	4. Concealed in Ceilings and Interior Walls and Partitions:  EMT.
	5. Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic, Electric Solenoid, or Motor-Driven Equipment):  FMC, except use LFMC in damp or wet locations.
	6. Damp or Wet Locations:  Rigid steel conduit.
	7. Boxes and Enclosures:  NEMA 250, Type 1, except use NEMA 250, Type 4, stainless steel in damp or wet locations.

	C. Minimum Raceway Size:  3/4-inch trade size.
	D. Raceway Fittings:  Compatible with raceways and suitable for use and location.
	1. Rigid and Intermediate Steel Conduit:  Use threaded rigid steel conduit fittings, unless otherwise indicated.


	3.2 INSTALLATION
	A. Comply with NECA 1 for installation requirements applicable to products specified in Part 2 except where requirements on Drawings or in this Article are stricter.
	B. Keep raceways at least 6 inches away from parallel runs of flues and steam or hot-water pipes.  Install horizontal raceway runs above water and steam piping.
	C. Complete raceway installation before starting conductor installation.
	D. Support raceways as specified in Division 26 Section "Hangers and Supports for Electrical Systems."
	E. Arrange stub-ups so curved portions of bends are not visible above the finished slab.
	F. Install no more than the equivalent of three 90-degree bends in any conduit run except for communications conduits, for which fewer bends are allowed.
	G. Conceal conduit and EMT within finished walls, ceilings, and floors, unless otherwise indicated.
	H. Raceways Embedded in Slabs:
	1. Run conduit larger than 1-inch trade size, parallel or at right angles to main reinforcement.  Where at right angles to reinforcement, place conduit close to slab support.
	2. Arrange raceways to cross building expansion joints at right angles with expansion fittings.

	I. Install raceway sealing fittings at suitable, approved, and accessible locations and fill them with listed sealing compound.  For concealed raceways, install each fitting in a flush steel box with a blank cover plate having a finish similar to that...
	1. Where conduits pass from warm to cold locations, such as boundaries of refrigerated spaces.
	2. Where otherwise required by NFPA 70.

	J. Recessed Boxes in Masonry Walls:  Saw-cut opening for box in center of cell of masonry block, and install box flush with surface of wall.
	K. Set metal floor boxes level and flush with finished floor surface.

	3.3 FIRESTOPPING
	A. Apply firestopping to electrical penetrations of fire-rated floor and wall assemblies to restore original fire-resistance rating of assembly.  Firestopping materials and installation requirements are specified in Division 07 Section " Firestopping ...


	PART 1 - GENERAL
	1.1 SUMMARY
	A. This Section includes the following:
	1. Identification for conductors and communication and control cable.
	2. Warning labels and signs.
	3. Equipment identification labels.


	1.2 SUBMITTALS
	A. Product Data:  For each electrical identification product indicated.

	1.3 QUALITY ASSURANCE
	A. Comply with ANSI A13.1.

	1.4 COORDINATION
	A. Coordinate identification names, abbreviations, colors, and other features with requirements in the Contract Documents, Shop Drawings, manufacturer's wiring diagrams, and the Operation and Maintenance Manual, and with those required by codes, stand...


	PART 2 - PRODUCTS
	2.1 CONDUCTOR AND COMMUNICATION- AND CONTROL-CABLE IDENTIFICATION MATERIALS
	A. Marker Tape:  Vinyl or vinyl -cloth, self-adhesive wraparound type, with circuit identification legend machine printed by thermal transfer or equivalent process.

	2.2 WARNING LABELS AND SIGNS
	A. Comply with NFPA 70 and 29 CFR 1910.145.
	B. Self-Adhesive Warning Labels:  Factory printed, multicolor, pressure-sensitive adhesive labels, configured for display on front cover, door, or other access to equipment, unless otherwise indicated.
	C. Baked-Enamel Warning Signs:  Preprinted aluminum signs, punched or drilled for fasteners, with colors, legend, and size required for application.  1/4-inch grommets in corners for mounting.  Nominal size, 7 by 10 inches.
	D. Metal-Backed, Butyrate Warning Signs:  Weather-resistant, nonfading, preprinted, cellulose-acetate butyrate signs with 0.0396-inch galvanized-steel backing; and with colors, legend, and size required for application.  1/4-inch grommets in corners f...
	E. Fasteners for Signs:  Self-tapping, stainless-steel screws or stainless-steel machine screws with nuts and flat and lock washers.
	F. Warning label and sign shall include, but are not limited to, the following legends:
	1. Multiple Power Source Warning:  "DANGER - ELECTRICAL SHOCK HAZARD - EQUIPMENT HAS MULTIPLE POWER SOURCES."
	2. Workspace Clearance Warning:  "WARNING - OSHA REGULATION - AREA IN FRONT OF ELECTRICAL EQUIPMENT MUST BE KEPT CLEAR FOR 36 INCHES (915 mm)."


	2.3 EQUIPMENT IDENTIFICATION LABELS
	A. Self-Adhesive, Engraved, Laminated Acrylic or Melamine Label:  Adhesive backed, with white letters on a dark-gray background.  Minimum letter height shall be 3/8 inch.


	PART 3 - EXECUTION
	3.1 APPLICATION
	A. Auxiliary Electrical Systems Conductor and Cable Identification:  Use marker tape to identify field-installed alarm, control, signal, sound, intercommunications, voice, and data wiring connections.
	1. Identify conductors, cables, and terminals in enclosures and at junctions, terminals, and cable pull points.  Identify by system and circuit designation.
	2. Use system of designations that is uniform and consistent with system used by manufacturer for factory-installed connections.

	B. Warning Labels for Indoor Cabinets, Boxes, and Enclosures for Power and Lighting:  Comply with 29 CFR 1910.145 and apply baked-enamel warning signs.  Identify system voltage with black letters on an orange background.  Apply to exterior of door, co...
	1. Equipment with Multiple Power or Control Sources:  Apply to door or cover of equipment including, but not limited to, the following:
	a. Power transfer switches.
	b. Controls with external control power connections.

	2. Equipment Requiring Workspace Clearance According to NFPA 70:  Unless otherwise indicated, apply to door or cover of equipment but not on flush panelboards and similar equipment in finished spaces.

	C. Equipment Identification Labels:  On each unit of equipment, install unique designation label that is consistent with wiring diagrams, schedules, and Operation and Maintenance Manual.  Apply labels to disconnect switches and protection equipment, c...
	1. Labeling Instructions:
	a. Indoor Equipment:  Self-adhesive, engraved, laminated acrylic or melamine label.  Unless otherwise indicated, provide a single line of text with 1/2-inch- high letters on 1-1/2-inch- high label; where 2 lines of text are required, use labels 2 inch...
	b. Outdoor Equipment:  Engraved, laminated acrylic or melamine label, drilled for screw attachment.
	c. Elevated Components:  Increase sizes of labels and legend to those appropriate for viewing from the floor.

	2. Equipment to Be Labeled:
	a. Panelboards, electrical cabinets, and enclosures.
	b. Disconnect switches.
	c. Enclosed circuit breakers.
	d. Motor starters.
	e. Push-button stations.



	3.2 INSTALLATION
	A. Verify identity of each item before installing identification products.
	B. Location:  Install identification materials and devices at locations for most convenient viewing without interference with operation and maintenance of equipment.
	C. Apply identification devices to surfaces that require finish after completing finish work.
	D. Self-Adhesive Identification Products:  Clean surfaces before application, using materials and methods recommended by manufacturer of identification device.
	E. Attach nonadhesive signs and plastic labels with screws and auxiliary hardware appropriate to the location and substrate.
	F. Color-Coding for Phase Identification, 600 V and Less:  Use the colors listed below for ungrounded service, feeder, and branch-circuit conductors.
	1. Color shall be factory applied.
	2. Colors for 208/120-V Circuits:
	a. Phase A:  Black.
	b. Phase B:  Red.
	c. Phase C:  Blue.

	3. Colors for 480/277-V Circuits:
	a. Phase A:  Brown.
	b. Phase B:  Orange.
	c. Phase C:  Yellow.




	PART 1 -  GENERAL
	1.01 SUMMARY
	Related Documents:
	Drawings and general provisions of the Subcontract apply to this Section.
	Review these documents for coordination with additional requirements and information that apply to work under this Section.

	Section Includes:
	This section specifies the unique responsibilities that are a part of, or are related to the commissioning process for the electrical systems.  All statements are the responsibility of the Subcontractor, unless specifically stated otherwise.
	Electrical testing specified for systems not listed as formally commissioned are not under the commissioning umbrella and are not governed by this section.
	Electrical Systems Commissioning consists of static checks of component and system installations and actual testing of equipment conditions and functions.
	The Commissioning Authority will review and approve, prior to use, all test procedures and forms used and will witness a varying fraction of the initial checks and testing performed by the Subcontractor. The Commissioning Authority will review the com...
	It is not the intent of the commissioning process or these specifications to duplicate efforts or to require the Subcontractor to perform any check or test twice. Checks and testing by the Subcontractor are expected to occur once in the normal sequenc...
	The test requirements listed in this section do not release the Subcontractor from the obligation to perform all other appropriate, industry standard, manufacturer-recommended or code-required checks and tests.
	Testing Participants.  Static checks and testing shall be fully documented.

	Related Sections:
	Division 01 General Requirements


	SUBMITTALS
	Submit under provisions of Section "Submittal".

	QUALITY ASSURANCE
	Qualifications:
	The CTC (Certified Testing Company) performing the work of this section shall be qualified to test electrical equipment and is a NETA (National Electrical Testing Association)-certified testing agency. The CTC shall not be associated with the manufact...

	Test Equipment:
	The Subcontractor shall provide all test equipment necessary to fulfill the checks and testing requirements. Test equipment shall have been calibrated within one (1) year of its use on the project.



	PRODUCTS NOT USED
	EXECUTION
	1.01 SUBMITTALS
	Sixty (60) days before any testing is conducted, submit an overall testing plan and schedule for electrical systems that lists the equipment, modes to be tested, dates of testing and parties conducting the tests. Put these tests into the master constr...

	COMMON RESPONSIBILITIES
	The following are responsibilities applicable to all electrical systems being commissioned.
	The work of this Section shall be performed by a CTC (Certified Testing Company, Electrical), by the EC (Electrical Subcontractor), or the MSR (Manufacturer’s Service Representative). The Commissioning Authority has some testing responsibilities for s...
	The Subcontractor shall notify the Owner ahead of time when commissioning activities not yet performed or not yet scheduled will delay construction. The Subcontractor shall be proactive in seeing that commissioning processes are executed and that the ...
	The Subcontractor shall respond to notices of issues identified during the commissioning process, making required corrections or clarifications and returning prompt notification to the Commissioning Authority.
	When completion of a task or other issue has been identified as holding up any commissioning process, particularly functional testing, the Subcontractor shall, within two (2) days of notification of the issue, notify the Commissioning Authority in wri...
	Construction Checklists.  At a minimum, for a given piece of equipment, checks from the inspection checklists in NETA Acceptance Testing Specifications for Electric Power Distribution Equipment and Systems shall be included in the electrical checklist...
	The Subcontractor shall review design documents, shop drawings and O&M manuals and manufacturer recommended installation and testing procedures of each system installation.
	The Subcontractor shall monitor installation to ensure the equipment, configuration and quality of construction meets the design requirements, approved submittals and shop drawings.
	The Subcontractor shall develop test procedures and forms and execute and document testing.
	Tests of energized equipment shall be conducted when the equipment is operating at its normal capacity. This may require some tests to be conducted after occupancy.
	Training and Orientation. The Subcontractor shall follow the facility staff orientation and training requirements.
	Operation and Maintenance (O&M) Manuals. Refer to Section 01 77 00 for requirements for O&M manuals.


	EQUIPMENT-SPECIFIC VERIFICATION AND TESTING REQUIREMENTS
	1.01 SUMMARY
	This Part specifies the check and testing requirements for electrical components and systems. From these requirements, the Commissioning Authority or Subcontractor will develop detailed procedures and forms.

	CHECKS AND TESTS
	Checks are intended to begin upon completion of a component or equipment installation. Testing generally occurs later when systems are energized or nearing that point. Beginning system testing before full completion, does not relieve the Subcontractor...
	The check and test procedures and record forms shall contain the following:
	The Subcontractors executing the checks or tests.
	A list of the integral components being inspected and tested, equipment tag numbers, manufacturer, model number, pertinent performance information / rating data.
	Test equipment used.
	Construction checklists associated with the components, if any.
	Any special required conditions of the check or test for each procedure.
	Items, conditions or functions to be inspected, verified or tested, the checks and testing method given and a place provided with results recorded.
	Acceptance criteria (or reference by specific table where the acceptance criteria is found).
	For each procedure, list the technician performing check or test and company, witnesses of the tests and dates of tests.
	Sampling strategies used.

	The test procedures for dynamic equipment like lighting controls, emergency generator or fire alarm shall contain more step-by-step procedures. The test procedures and forms for more static components like panel boards, circuit breakers, etc., can be ...
	At the Commissioning Authority's discretion, if large numbers or repeated deficiencies are encountered, the Subcontractor shall test and troubleshoot all remaining systems at issue on their own before commissioning with the Commissioning Authority wil...
	Sampling for Identical Units. When there are a number of identical units, at the Commissioning Authority’s discretion, some or all procedures of a test for a piece of equipment or assembly may be omitted when these same tests on other pieces of identi...

	EQUIPMENT-SPECIFIC TESTING REQUIREMENTS
	The following paragraphs define the testing requirements for each type of system or feature that is a part of the project. The Commissioning Authority shall use this information to develop specific testing procedures for each of the systems to be comm...
	Common Testing Requirements
	The following requirements apply to all electrical systems and features that are to be commissioned when referenced below. Tests shall:
	Verify functionality and compliance with the design intent for each individual sequence module in the sequences of operation. Verify proper operation of all control strategies, energy efficiency and self-diagnostics features by stepping through each s...
	Verify all alarm and high and low limit functions and messages generated on all points with alarm settings.
	Verify integrated performance of all components and control system components, including all interlocks and interactions with other equipment and systems.
	Verify shut down and restart capabilities both for scheduled and unscheduled events (e.g. power failure recovery and normal scheduled start/stop).
	When applicable, demonstrate a full cycle from off to on and no load to full load and then to no load and off.
	Verify time of day schedules and setpoints.
	Verify all energy saving control strategies.
	Verify that monitoring system graphics are representative of the systems and that all points and control elements are in the same location on the graphic as they are in the field.
	Verify operator control of all commandable control system points including proper security level access.
	When testing procedures for commissioned equipment are listed in NETA Acceptance Testing Specifications for Electric Power Distribution Equipment and Systems the NETA test procedures shall be part of the testing requirements of this specification. Add...
	Common Acceptance Criteria

	The following common acceptance criteria apply to all mechanical equipment, assemblies and features:
	For the conditions, sequences and modes tested, the equipment, integral components and related equipment shall respond to varying loads and changing conditions and parameters appropriately as expected, according to the sequences of operation, as speci...
	Systems shall accomplish their intended function and performance.
	All safety trips shall require a manual reset to allow a system restart.
	Resetting a manual safety shall result in a stable, safe, and predictable return to normal operation by the system.
	Safety circuits and permissive control circuits shall function in all possible combinations of selector switch positions (hand, auto, inverter, bypass, etc.).
	Other acceptance criteria is given in the equipment testing requirements articles or referenced standards.
	Additional acceptance criteria will be developed by the Commissioning Authority when detailed test procedures are developed.
	When testing procedures for commissioned equipment are listed in NETA Acceptance Testing Specifications for Electric Power Distribution Equipment and Systems the NETA performance criteria shall apply.




	PART 1 - GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including other Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. This Section includes the following types of dry-type transformers rated 600 V and less, with capacities up to 1000 kVA:
	1. Distribution transformers.


	1.3 SUBMITTALS
	A. Product Data:  Include rated nameplate data, capacities, weights, dimensions, minimum clearances, installed devices and features, and performance for each type and size of transformer indicated.
	B. Shop Drawings:  Detail equipment assemblies and indicate dimensions, weights, loads, required clearances, method of field assembly, components, and location and size of each field connection.
	1. Wiring Diagrams:  Power, signal, and control wiring.

	C. Qualification Data:  For testing agency.
	D. Source quality-control test reports.
	E. Field quality-control test reports.
	F. Operation and Maintenance Data:  For transformers to include in emergency, operation, and maintenance manuals.

	1.4 QUALITY ASSURANCE
	A. Testing Agency Qualifications:  An independent agency, with the experience and capability to conduct the testing indicated, that is a member company of the InterNational Electrical Testing Association or is a nationally recognized testing laborator...
	1. Testing Agency's Field Supervisor:  Person currently certified by the InterNational Electrical Testing Association or the National Institute for Certification in Engineering Technologies to supervise on-site testing specified in Part 3.

	B. Testing Agency Qualifications:  An independent agency, with the experience and capability to conduct the testing indicated, that is a nationally recognized testing laboratory (NRTL) as defined by OSHA in 29 CFR 1910.7.
	C. Source Limitations:  Obtain each transformer type through one source from a single manufacturer.
	D. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for intended use.
	E. Comply with IEEE C57.12.91, "Test Code for Dry-Type Distribution and Power Transformers."

	1.5 DELIVERY, STORAGE, AND HANDLING
	A. Temporary Heating:  Apply temporary heat according to manufacturer's written instructions within the enclosure of each ventilated-type unit, throughout periods during which equipment is not energized and when transformer is not in a space that is c...

	1.6 COORDINATION
	A. Coordinate size and location of concrete bases with actual transformer provided.  Cast anchor-bolt inserts into bases.  Concrete, reinforcement, and formwork requirements are specified in Division 03.
	B. Coordinate installation of wall-mounting and structure-hanging supports with actual transformer provided.


	PART 2 - PRODUCTS
	2.1 MANUFACTURERS
	A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	B. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	1. ACME Electric Corporation; Power Distribution Products Division.
	2. Challenger Electrical Equipment Corp.; a division of Eaton Corp.
	3. Controlled Power Company.
	4. Eaton Electrical Inc.; Cutler-Hammer Products.
	5. Federal Pacific Transformer Company; Division of Electro-Mechanical Corp.
	6. General Electric Company.
	7. Hammond Co.; Matra Electric, Inc.
	8. Magnetek Power Electronics Group.
	9. Micron Industries Corp.
	10. Myers Power Products, Inc.
	11. Siemens Energy & Automation, Inc.
	12. Sola/Hevi-Duty.
	13. Square D; Schneider Electric.
	14. Or approved equal


	2.2 GENERAL TRANSFORMER REQUIREMENTS
	A. Description:  Factory-assembled and -tested, air-cooled units for 60-Hz service.
	B. Cores:  Grain-oriented, non-aging silicon steel.
	C. Coils:  Continuous windings without splices except for taps.
	1. Internal Coil Connections:  Brazed or pressure type.
	2. Coil Material:  Copper.


	2.3 DISTRIBUTION TRANSFORMERS
	A. Comply with NEMA ST 20, and list and label as complying with UL 1561.
	B. Cores:  One leg per phase.
	C. Enclosure: Ventilated, NEMA 250, Type 2 (For indoor units).
	1. Core and coil shall be encapsulated within resin compound, sealing out moisture and air.

	D. Enclosure:  Totally enclosed, nonventilated, NEMA 250, Type 3R (For outdoor units).
	1. Core and coil shall be encapsulated within resin compound, sealing out moisture and air.

	E. Transformer Enclosure Finish:  Comply with NEMA 250.
	1. Finish Color:  ANSI 61 Gray.

	F. Taps for Transformers Smaller Than 3 kVA:  One 5 percent tap above normal full capacity.
	G. Taps for Transformers 7.5 to 24 kVA:  One 5 percent tap above and one 5 percent tap below normal full capacity.
	H. Taps for Transformers 25 kVA and Larger:  Two 2.5 percent taps above and four 2.5 percent taps below normal full capacity.
	J. Insulation Class:  220 deg C, UL-component-recognized insulation system with a maximum of 115 deg C rise above 40 deg C ambient temperature.
	K. Energy Efficiency for Transformers Rated 15 kVA and Larger:
	1. Complying with NEMA TP 1, Class 1 efficiency levels.
	2. Tested according to NEMA TP 2.

	L. Fungus Proofing:  Permanent fungicidal treatment for coil and core.
	M. Low-Sound-Level Requirements:  Minimum of 3 dBA less than NEMA ST 20 standard sound levels when factory tested according to IEEE C57.12.91.
	N. Low-Sound-Level Requirements:  Maximum sound levels, when factory tested according to IEEE C57.12.91.

	2.4 IDENTIFICATION DEVICES
	A. Nameplates:  Engraved, laminated-plastic or metal nameplate for each distribution transformer, mounted with corrosion-resistant screws.  Nameplates and label products are specified in Division 26 Section "Identification for Electrical Systems."

	2.5 SOURCE QUALITY CONTROL
	A. Test and inspect transformers according to IEEE C57.12.91.
	B. Factory Sound-Level Tests:  Conduct sound-level tests on equipment for this Project.


	PART 3 - EXECUTION
	3.1 EXAMINATION
	A. Examine conditions for compliance with enclosure- and ambient-temperature requirements for each transformer.
	B. Verify that field measurements are as needed to maintain working clearances required by NFPA 70 and manufacturer's written instructions.
	C. Examine walls, floors, roofs, and concrete bases for suitable mounting conditions where transformers will be installed.
	D. Verify that ground connections are in place and requirements in Division 26 Section "Grounding and Bonding for Electrical Systems" have been met.  Maximum ground resistance shall be 5 ohms at location of transformer.
	E. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 INSTALLATION
	A. Install wall-mounting transformers level and plumb with wall brackets fabricated by transformer manufacturer.
	1. Brace wall-mounting transformers as specified in Division 26 Section "Hangers and Supports for Electrical Systems.

	B. Construct concrete bases and anchor floor-mounting transformers according to manufacturer's written instructions.

	3.3 CONNECTIONS
	A. Ground equipment according to Division 26 Section "Grounding and Bonding for Electrical Systems."
	B. Connect wiring according to Division 26 Section "Low-Voltage Electrical Power Conductors and Cables."

	3.4 FIELD QUALITY CONTROL
	A. Testing Agency:  Engage a qualified testing agency to perform tests and inspections and prepare test reports.
	B. Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect, test, and adjust components, assemblies, and equipment installations, including connections.  Report results in writing.
	C. Perform tests and inspections and prepare test reports.
	1. Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect components, assemblies, and equipment installations, including connections, and to assist in testing.

	D. Tests and Inspections:
	1. Perform each visual and mechanical inspection and electrical test stated in NETA Acceptance Testing Specification.  Certify compliance with test parameters.

	E. Remove and replace units that do not pass tests or inspections and retest as specified above.
	F. Infrared Scanning:  Two months after Substantial Completion, perform an infrared scan of transformer connections.
	1. Use an infrared-scanning device designed to measure temperature or detect significant deviations from normal values.  Provide documentation of device calibration.
	2. Perform 2 follow-up infrared scans of transformers, one at 4 months and the other at 11 months after Substantial Completion.
	3. Prepare a certified report identifying transformer checked and describing results of scanning.  Include notation of deficiencies detected, remedial action taken, and scanning observations after remedial action.

	G. Test Labeling:  On completion of satisfactory testing of each unit, attach a dated and signed "Satisfactory Test" label to tested component.

	3.5 ADJUSTING
	A. Record transformer secondary voltage at each unit for at least 48 hours of typical occupancy period.  Adjust transformer taps to provide optimum voltage conditions at secondary terminals.  Optimum is defined as not exceeding nameplate voltage plus ...
	B. Output Settings Report:  Prepare a written report recording output voltages and tap settings.

	3.6 CLEANING
	A. Vacuum dirt and debris; do not use compressed air to assist in cleaning.


	PART 1 - GENERAL
	1.1 SUMMARY
	A. Section includes distribution panelboards and lighting and appliance branch-circuit panelboards.

	1.2 SUBMITTALS
	A. Product Data:  For each type of product indicated.
	B. Shop Drawings:  For each panelboard and related equipment.
	1. Include dimensioned plans, elevations, sections, and details.  Show tabulations of installed devices, equipment features, and ratings.
	2. Detail enclosure types and details for types other than NEMA 250, Type 1.
	3. Detail bus configuration, current, and voltage ratings.
	4. Short-circuit current rating of panelboards and overcurrent protective devices.
	5. Detail features, characteristics, ratings, and factory settings of individual overcurrent protective devices and auxiliary components.
	6. Include wiring diagrams for power, signal, and control wiring.
	7. Include time-current coordination curves for each type and rating of overcurrent protective device included in panelboards.

	C. Field quality-control reports.
	D. Panelboard schedules for installation in panelboards.
	E. Operation and maintenance data.

	1.3 QUALITY ASSURANCE
	A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	B. Comply with NEMA PB 1.
	C. Comply with NFPA 70.

	1.4 WARRANTY
	A. Special Warranty:  Manufacturer's standard form in which manufacturer agrees to repair or replace transient voltage suppression devices that fail in materials or workmanship within specified warranty period.
	1. Warranty Period:  Five years from date of Substantial Completion.



	PART 2 - PRODUCTS
	2.1 GENERAL REQUIREMENTS FOR PANELBOARDS
	A. Enclosures:  Surface-mounted cabinets.
	1. Rated for environmental conditions at installed location.
	a. Indoor Dry and Clean Locations:  NEMA 250, Type 1.
	b. Outdoor Locations:  NEMA 250, Type 3R.
	c. Other Wet or Damp Indoor Locations:  NEMA 250, Type 4.

	2. Hinged Front Cover:  Entire front trim hinged to box and with standard door within hinged trim cover.
	3. Directory Card:  Inside panelboard door, mounted in transparent card holder.

	B. Incoming Mains Location:  Top and bottom.
	C. Phase, Neutral, and Ground Buses:  Hard-drawn copper, 98 percent conductivity.
	D. Conductor Connectors:  Suitable for use with conductor material and sizes.
	1. Material:  Hard-drawn copper, 98 percent conductivity.
	2. Main and Neutral Lugs:  Mechanical type.
	3. Ground Lugs and Bus Configured Terminators:  Mechanical type.
	4. Feed-Through Lugs:  Mechanical type, suitable for use with conductor material.  Locate at opposite end of bus from incoming lugs or main device.
	5. Subfeed (Double) Lugs:  Mechanical type suitable for use with conductor material.  Locate at same end of bus as incoming lugs or main device.

	E. Future Devices:  Mounting brackets, bus connections, filler plates, and necessary appurtenances required for future installation of devices.
	F. Panelboard Short-Circuit Current Rating:  Fully rated to interrupt symmetrical short-circuit current available at terminals.

	2.2 DISTRIBUTION PANELBOARDS
	A. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	1. Eaton Electrical Inc.; Cutler-Hammer Business Unit.
	2. General Electric Company; GE Consumer & Industrial - Electrical Distribution.
	3. Siemens Energy & Automation, Inc.
	4. Square D; a brand of Schneider Electric.
	5. Or approved Equal.

	B. Provide a dead front, handle operated, fusible switch panelboard where indicated.  The assembled panelboard shall have a label indicating approval by Underwriters Laboratories, Inc. and shall meet the requirements of NEMA Standards.  In general, pa...
	C. Panelboards:  NEMA PB 1, power and feeder distribution type.
	D. Mains:  As noted on the drawings.
	E. Branch Overcurrent Protective Devices:  Fusible switches.

	2.3 LIGHTING AND APPLIANCE BRANCH-CIRCUIT PANELBOARDS
	A. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	1. Eaton Electrical Inc.; Cutler-Hammer Business Unit.
	2. General Electric Company; GE Consumer & Industrial - Electrical Distribution.
	3. Siemens Energy & Automation, Inc.
	4. Square D; a brand of Schneider Electric.
	5. Or approved Equal.

	B. Panelboards:  NEMA PB 1, lighting and appliance branch-circuit type.
	C. Mains:  As noted on the drawings.
	D. Branch Overcurrent Protective Devices:  Bolt-on circuit breakers, replaceable without disturbing adjacent units.
	E. Contactors in Main Bus:  NEMA ICS 2, Class A, mechanically held, general-purpose controller, with same short-circuit interrupting rating as panelboard.
	1. External Control-Power Source:  120-V branch circuit.

	F. Doors:  Concealed hinges; secured with flush latch with tumbler lock; keyed alike.

	2.4 DISCONNECTING AND OVERCURRENT PROTECTIVE DEVICES
	A. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	1. Eaton Electrical Inc.; Cutler-Hammer Business Unit.
	2. General Electric Company; GE Consumer & Industrial - Electrical Distribution.
	3. Siemens Energy & Automation, Inc.
	4. Square D; a brand of Schneider Electric.
	5. Or approved equal.

	B. Molded-Case Circuit Breaker (MCCB):  Comply with UL 489, with interrupting capacity to meet available fault currents.
	1. Thermal-Magnetic Circuit Breakers:  Inverse time-current element for low-level overloads, and instantaneous magnetic trip element for short circuits.  Adjustable magnetic trip setting for circuit-breaker frame sizes 250 A and larger.
	2. Adjustable Instantaneous-Trip Circuit Breakers:  Magnetic trip element with front-mounted, field-adjustable trip setting.
	3. Electronic trip circuit breakers with rms sensing; field-replaceable rating plug or field-replicable electronic trip; and the following field-adjustable settings:
	a. Instantaneous trip.
	b. Long- and short-time pickup levels.
	c. Long- and short-time time adjustments.
	d. Ground-fault pickup level, time delay, and I2t response.

	4. Current-Limiting Circuit Breakers:  Frame sizes 400 A and smaller; let-through ratings less than NEMA FU 1, RK-5.
	5. GFCI Circuit Breakers:  Single- and two-pole configurations with Class A ground-fault protection (6-mA trip).
	6. Ground-Fault Equipment Protection (GFEP) Circuit Breakers:  Class B ground-fault protection (30-mA trip).
	7. Molded-Case Circuit-Breaker (MCCB) Features and Accessories:
	a. Standard frame sizes, trip ratings, and number of poles.
	b. Lugs:  Mechanical style, suitable for number, size, trip ratings, and conductor materials.
	c. Application Listing:  Appropriate for application; Type SWD for switching fluorescent lighting loads; Type HID for feeding fluorescent and high-intensity discharge (HID) lighting circuits.
	d. Ground-Fault Protection:  Integrally mounted relay and trip unit with adjustable pickup and time-delay settings, push-to-test feature, and ground-fault indicator.
	e. Handle Padlocking Device:  Fixed attachment, for locking circuit-breaker handle in on or off position.
	f. Handle Clamp:  Loose attachment, for holding circuit-breaker handle in on position.


	C. Fused Switch:  NEMA KS 1, Type HD; clips to accommodate specified fuses; lockable handle.
	1. Fuses, and Spare-Fuse Cabinet:  Comply with requirements specified in Division 26 Section "Fuses."


	2.5 ACCESSORY COMPONENTS AND FEATURES
	A. Portable Test Set:  For testing functions of solid-state trip devices without removing from panelboard.  Include relay and meter test plugs suitable for testing panelboard meters and switchboard class relays.


	PART 3 - EXECUTION
	3.1 INSTALLATION
	A. Receive, inspect, handle, store and install panelboards and accessories according to NEMA PB 1.1.
	B. Comply with mounting and anchoring requirements specified in Division 26 Section "Hangers and Supports for Electrical Systems."
	C. Mount top of trim 90 inches above finished floor unless otherwise indicated.
	D. Mount panelboard cabinet plumb and rigid without distortion of box.  Mount recessed panelboards with fronts uniformly flush with wall finish and mating with back box.
	E. Install overcurrent protective devices and controllers not already factory installed.
	F. Install filler plates in unused spaces.
	G. Stub four 1-inch empty conduits from panelboard into accessible ceiling space or space designated to be ceiling space in the future.  Stub four 1-inch empty conduits into raised floor space or below slab not on grade.
	H. Arrange conductors in gutters into groups and bundle and wrap with wire ties.
	I.          Comply with NECA 1.

	3.2 IDENTIFICATION
	A. Identify field-installed conductors, interconnecting wiring, and components; provide warning signs complying with Division 26 Section "Identification for Electrical Systems."
	B. Create a directory to indicate installed circuit loads and incorporating Owner's final room designations.  Obtain approval before installing.  Use a computer or typewriter to create directory; handwritten directories are not acceptable.
	C. Panelboard Nameplates:  Label each panelboard with a nameplate complying with requirements for identification specified in Division 26 Section "Identification for Electrical Systems."

	3.3 FIELD QUALITY CONTROL
	A. Perform tests and inspections.
	B. Acceptance Testing Preparation:
	1. Test insulation resistance for each panelboard bus, component, connecting supply, feeder, and control circuit.
	2. Test continuity of each circuit.

	C. Tests and Inspections:
	1. Perform each visual and mechanical inspection and electrical test stated in NETA Acceptance Testing Specification.  Certify compliance with test parameters.
	2. Correct malfunctioning units on-site, where possible, and retest to demonstrate compliance; otherwise, replace with new units and retest.

	D. Panelboards will be considered defective if they do not pass tests and inspections.
	E. Prepare test and inspection reports, including a certified report that identifies panelboards included and that describes scanning results.  Include notation of deficiencies detected, remedial action taken, and observations after remedial action.


	PART 1 - GENERAL
	1.1 SUMMARY
	A. This Section includes the following:
	1. Receptacles, receptacles with integral GFCI, and associated device plates.
	2. Snap switches and wall-box dimmers.


	1.2 SUBMITTALS
	A. Product Data:  For each type of product indicated.
	B. Shop Drawings:  List of legends and description of materials and process used for premarking wall plates.
	C. Operation and Maintenance Data:  For wiring devices to include in all manufacturers' packing label warnings and instruction manuals that include labeling conditions.

	1.3 QUALITY ASSURANCE
	A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for intended use.
	B. Comply with NFPA 70.


	PART 2 - PRODUCTS
	2.1 MANUFACTURERS
	A. Manufacturers' Names:  Shortened versions (shown in parentheses) of the following manufacturers' names are used in other Part 2 articles:
	1. Cooper Wiring Devices; a division of Cooper Industries, Inc. (Cooper).
	2. Hubbell Incorporated; Wiring Device-Kellems (Hubbell).
	3. Leviton Mfg. Company Inc. (Leviton).
	4. Pass & Seymour/Legrand; Wiring Devices & Accessories (Pass & Seymour).
	5. Or approved equal.


	2.2 STRAIGHT BLADE RECEPTACLES
	A. Convenience Receptacles, 125 V, 20 A:  Comply with NEMA WD 1, NEMA WD 6 configuration 5-20R, and UL 498.
	1. Available Products:  Subject to compliance with requirements, products that may be incorporated into the Work include, but are not limited to, the following:
	a. Cooper; 5351 (single), 5352 (duplex).
	b. Hubbell; HBL5351 (single), CR5352 (duplex).
	c. Leviton; 5891 (single), 5352 (duplex).
	d. Pass & Seymour; 5381 (single), 5352 (duplex).
	e. Or approved equal.



	2.3 GFCI RECEPTACLES
	A. General Description:  Straight blade, feed-through type.  Comply with NEMA WD 1, NEMA WD 6, UL 498, and UL 943, Class A, and include indicator light that is lighted when device is tripped.
	B. Duplex GFCI Convenience Receptacles, 125 V, 20 A:
	1. Available Products:  Subject to compliance with requirements, products that may be incorporated into the Work include, but are not limited to, the following:
	a. Cooper; GF20.
	b. Pass & Seymour; 2084.
	c. Or approved equal.



	2.4 SNAP SWITCHES
	A. Comply with NEMA WD 1 and UL 20.
	B. Switches, 120/277 V, 20 A:
	1. Available Products:  Subject to compliance with requirements, products that may be incorporated into the Work include, but are not limited to, the following:
	a. Cooper; 2221 (single pole), 2222 (two pole), 2223 (three way), 2224 (four way).
	b. Hubbell; CS1221 (single pole), CS1222 (two pole), CS1223 (three way), CS1224 (four way).
	c. Leviton; 1221-2 (single pole), 1222-2 (two pole), 1223-2 (three way), 1224-2 (four way).
	d. Pass & Seymour; 20AC1 (single pole), 20AC2 (two pole), 20AC3 (three way), 20AC4 (four way).
	e. Approved equal.



	2.5 WALL PLATES
	A. Single and combination types to match corresponding wiring devices.
	1. Plate-Securing Screws:  Metal with head color to match plate finish.
	2. Material for Finished Spaces:  Steel with white baked enamel, suitable for field painting.
	3. Material for Unfinished Spaces:  Galvanized steel.
	4. Material for Damp Locations:  Cast aluminum with spring-loaded lift cover, and listed and labeled for use in "wet locations."

	B. Wet-Location, Weatherproof Cover Plates:  NEMA 250, complying with type 3R weather-resistant, die-cast aluminum with lockable cover.

	2.6 FINISHES
	A. Color:  Wiring device catalog numbers in Section Text do not designate device color.
	1. Wiring Devices Connected to Normal Power System:  As selected by Architect, unless otherwise indicated or required by NFPA 70 or device listing.



	PART 3 - EXECUTION
	3.1 INSTALLATION
	A. Comply with NECA 1, including the mounting heights listed in that standard, unless otherwise noted.
	B. Coordination with Other Trades:
	1. Take steps to insure that devices and their boxes are protected.  Do not place wall finish materials over device boxes and do not cut holes for boxes with routers that are guided by riding against outside of the boxes.
	2. Keep outlet boxes free of plaster, drywall joint compound, mortar, cement, concrete, dust, paint, and other material that may contaminate the raceway system, conductors, and cables.
	3. Install device boxes in brick or block walls so that the cover plate does not cross a joint unless the joint is troweled flush with the face of the wall.
	4. Install wiring devices after all wall preparation, including painting, is complete.

	C. Conductors:
	1. Do not strip insulation from conductors until just before they are spliced or terminated on devices.
	2. Strip insulation evenly around the conductor using tools designed for the purpose.  Avoid scoring or nicking of solid wire or cutting strands from stranded wire.
	3. The length of free conductors at outlets for devices shall meet provisions of NFPA 70, Article 300, without pigtails.
	4. Existing Conductors:
	a. Cut back and pigtail, or replace all damaged conductors.
	b. Straighten conductors that remain and remove corrosion and foreign matter.
	c. Pigtailing existing conductors is permitted provided the outlet box is large enough.


	D. Device Installation:
	1. Replace all devices that have been in temporary use during construction or that show signs that they were installed before building finishing operations were complete.
	2. Keep each wiring device in its package or otherwise protected until it is time to connect conductors.
	3. Do not remove surface protection, such as plastic film and smudge covers, until the last possible moment.
	4. Connect devices to branch circuits using pigtails that are not less than 6 inches (152 mm) in length.
	5. When there is a choice, use side wiring with binding-head screw terminals.  Wrap solid conductor tightly clockwise, 2/3 to 3/4 of the way around terminal screw.
	6. Use a torque screwdriver when a torque is recommended or required by the manufacturer.
	7. When conductors larger than No. 12 AWG are installed on 15- or 20-A circuits, splice No. 12 AWG pigtails for device connections.
	8. Tighten unused terminal screws on the device.
	9. When mounting into metal boxes, remove the fiber or plastic washers used to hold device mounting screws in yokes, allowing metal-to-metal contact.

	E. Receptacle Orientation:
	1. Install ground pin of vertically mounted receptacles down, and on horizontally mounted receptacles to the right.

	F. Device Plates:  Do not use oversized or extra-deep plates.  Repair wall finishes and remount outlet boxes when standard device plates do not fit flush or do not cover rough wall opening.
	G. Arrangement of Devices:  Unless otherwise indicated, mount flush, with long dimension vertical and with grounding terminal of receptacles on top.  Group adjacent switches under single, multigang wall plates.

	3.2 IDENTIFICATION
	A. Comply with Division 26 Section "Identification for Electrical Systems."
	1. Receptacles:  Identify panelboard and circuit number from which served.  Use hot, stamped or engraved machine printing with black-filled lettering on face of plate, and durable wire markers or tags inside outlet boxes.


	3.3 FIELD QUALITY CONTROL
	A. Perform tests and inspections and prepare test reports.
	1. Test Instruments:  Use instruments that comply with UL 1436.
	2. Test Instrument for Convenience Receptacles:  Digital wiring analyzer with digital readout or illuminated LED indicators of measurement.

	B. Tests for Convenience Receptacles:
	1. Line Voltage:  Acceptable range is 105 to 132 V.
	2. Percent Voltage Drop under 15-A Load:  A value of 6 percent or higher is not acceptable.
	3. Ground Impedance:  Values of up to 2 ohms are acceptable.
	4. GFCI Trip:  Test for tripping values specified in UL 1436 and UL 943.
	5. Using the test plug, verify that the device and its outlet box are securely mounted.
	6. The tests shall be diagnostic, indicating damaged conductors, high resistance at the circuit breaker, poor connections, inadequate fault current path, defective devices, or similar problems.  Correct circuit conditions, remove malfunctioning units ...



	PART 1 - GENERAL
	1.1 SUMMARY
	A. Section Includes:  Cartridge fuses rated 600-V ac and less for use in control circuits enclosed switches panelboards switchboards and enclosed controllers.

	1.2 SUBMITTALS
	A. Product Data:  For each type of product indicated.
	B. Operation and maintenance data.

	1.3 QUALITY ASSURANCE
	A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	B. Comply with NEMA FU 1 for cartridge fuses.
	C. Comply with NFPA 70.


	PART 2 - PRODUCTS
	2.1 MANUFACTURERS
	A. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	1. Cooper Bussmann, Inc.
	2. Edison Fuse, Inc.
	3. Ferraz Shawmut, Inc.
	4. Littelfuse, Inc.
	5. Or approved equal.


	2.2 CARTRIDGE FUSES
	A. Characteristics:  NEMA FU 1, nonrenewable cartridge fuses with voltage ratings consistent with circuit voltages.


	PART 3 - EXECUTION
	3.1 FUSE APPLICATIONS
	A. Service Entrance:  Class RK1, time delay.
	B. Feeders:  Class RK1, time delay.
	C. Motor Branch Circuits:  Class RK1, time delay.
	D. Other Branch Circuits:  Class RK1, time delay.
	E. Control Circuits:  Class CC, fast acting.

	3.2 INSTALLATION
	A. Install fuses in fusible devices.  Arrange fuses so rating information is readable without removing fuse.

	3.3 IDENTIFICATION
	A. Install labels complying with requirements for identification specified in Division 26 Section "Identification for Electrical Systems" and indicating fuse replacement information on inside door of each fused switch and adjacent to each fuse block a...


	PART 1 - GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Fusible switches.
	2. Nonfusible switches.
	3. Molded-case circuit breakers (MCCBs).
	4. Enclosures.


	1.2 DEFINITIONS
	A. NC:  Normally closed.
	B. NO:  Normally open.
	C. SPDT:  Single pole, double throw.

	1.3 SUBMITTALS
	A. Product Data:  For each type of enclosed switch, circuit breaker, accessory, and component indicated.
	B. Shop Drawings:  For enclosed switches and circuit breakers.  Include plans, elevations, sections, details, and attachments to other work.
	1. Wiring Diagrams:  For power, signal, and control wiring.

	C. Field quality-control reports.
	D. Operation and maintenance data.

	1.4 QUALITY ASSURANCE
	A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	B. Comply with NFPA 70.


	PART 2 - PRODUCTS
	2.1 FUSIBLE SWITCHES
	A. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	1. Eaton Electrical Inc.; Cutler-Hammer Business Unit.
	2. General Electric Company; GE Consumer & Industrial - Electrical Distribution.
	3. Siemens Energy & Automation, Inc.
	4. Square D; a brand of Schneider Electric.
	5. Or approved equal.

	B. Type HD, Heavy Duty, Single Throw, 600-V ac, 1200 A and Smaller:  UL 98 and NEMA KS 1, horsepower rated, with clips or bolt pads to accommodate specified fuses, lockable handle with capability to accept three padlocks, and interlocked with cover in...
	C. Accessories:
	1. Equipment Ground Kit:  Internally mounted and labeled for copper and aluminum ground conductors.
	2. Neutral Kit:  Internally mounted; insulated, capable of being grounded and bonded; labeled for copper and aluminum neutral conductors.
	3. Class R Fuse Kit:  Provides rejection of other fuse types when Class R fuses are specified.
	4. Lugs:  Suitable for number, size, and conductor material.
	5. Service-Rated Switches:  Labeled for use as service equipment.


	2.2 NONFUSIBLE SWITCHES
	A. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	1. Eaton Electrical Inc.; Cutler-Hammer Business Unit.
	2. General Electric Company; GE Consumer & Industrial - Electrical Distribution.
	3. Siemens Energy & Automation, Inc.
	4. Square D; a brand of Schneider Electric.
	5. Or approved Equal..

	B. Type HD, Heavy Duty, Single Throw, 600-V ac, 1200 A and Smaller:  UL 98 and NEMA KS 1, horsepower rated, lockable handle with capability to accept three padlocks, and interlocked with cover in closed position.
	C. Accessories:
	1. Equipment Ground Kit:  Internally mounted and labeled for copper and aluminum ground conductors.
	2. Neutral Kit:  Internally mounted; insulated, capable of being grounded and bonded; labeled for copper and aluminum neutral conductors.
	3. Lugs:  Suitable for number, size, and conductor material.


	2.3 MOLDED-CASE CIRCUIT BREAKERS
	A. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	1. Eaton Electrical Inc.; Cutler-Hammer Business Unit.
	2. General Electric Company; GE Consumer & Industrial - Electrical Distribution.
	3. Siemens Energy & Automation, Inc.
	4. Square D; a brand of Schneider Electric.
	5. Or approved equal.

	B. General Requirements:  Comply with UL 489, NEMA AB 1, and NEMA AB 3, with interrupting capacity to comply with available fault currents.
	C. Thermal-Magnetic Circuit Breakers:  Inverse time-current element for low-level overloads and instantaneous magnetic trip element for short circuits.  Adjustable magnetic trip setting for circuit-breaker frame sizes 250 A and larger.
	D. Electronic Trip Circuit Breakers:  Field-replaceable rating plug, rms sensing, with the following field-adjustable settings:
	1. Instantaneous trip.
	2. Long- and short-time pickup levels.
	3. Long- and short-time time adjustments.
	4. Ground-fault pickup level, time delay, and I2t response.

	E. Current-Limiting Circuit Breakers:  Frame sizes 400 A and smaller, and let-through ratings less than NEMA FU 1, RK-5.
	F. Features and Accessories:
	1. Standard frame sizes, trip ratings, and number of poles.
	2. Lugs:  Suitable for number, size, trip ratings, and conductor material.
	3. Application Listing:  Appropriate for application; Type SWD for switching fluorescent lighting loads; Type HID for feeding fluorescent and high-intensity discharge lighting circuits.
	4. Ground-Fault Protection:  Comply with UL 1053; integrally mounted, self-powered type with mechanical ground-fault indicator; relay with adjustable pickup and time-delay settings, push-to-test feature, internal memory, and shunt trip unit; and three...


	2.4 ENCLOSURES
	A. Enclosed Switches and Circuit Breakers:  NEMA AB 1, NEMA KS 1, NEMA 250, and UL 50, to comply with environmental conditions at installed location.
	1. Indoor, Dry and Clean Locations:  NEMA 250, Type 1.
	2. Outdoor Locations:  NEMA 250, Type 3R.
	3. Other Wet or Damp, Indoor Locations:  NEMA 250, Type 4.
	4. Indoor Locations Subject to Dust, Falling Dirt, and Dripping Noncorrosive Liquids:  NEMA 250, Type 12.



	PART 3 - EXECUTION
	3.1 INSTALLATION
	A. Install individual wall-mounted switches and circuit breakers with tops at uniform height unless otherwise indicated.
	B. Comply with mounting and anchoring requirements specified in Division 26 Section "Hangers and Supports for Electrical Systems."
	C. Temporary Lifting Provisions:  Remove temporary lifting eyes, channels, and brackets and temporary blocking of moving parts from enclosures and components.
	D. Install fuses in fusible devices.
	E. Comply with NECA 1.

	3.2 IDENTIFICATION
	A. Comply with requirements in Division 26 Section "Identification for Electrical Systems."
	1. Identify field-installed conductors, interconnecting wiring, and components; provide warning signs.
	2. Label each enclosure with engraved metal or laminated-plastic nameplate.


	3.3 FIELD QUALITY CONTROL
	A. Perform tests and inspections.
	B. Acceptance Testing Preparation:
	1. Test insulation resistance for each enclosed switch and circuit breaker, component, connecting supply, feeder, and control circuit.
	2. Test continuity of each circuit.

	C. Tests and Inspections:
	1. Perform each visual and mechanical inspection and electrical test stated in NETA Acceptance Testing Specification.  Certify compliance with test parameters.
	2. Correct malfunctioning units on-site, where possible, and retest to demonstrate compliance; otherwise, replace with new units and retest.

	D. Enclosed switches and circuit breakers will be considered defective if they do not pass tests and inspections.
	E. Prepare test and inspection reports, including a certified report that identifies enclosed switches and circuit breakers and that describes scanning results.  Include notation of deficiencies detected, remedial action taken and observations after r...
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