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Meeting Date:  November 1, 2017 

Addendum Date: November 2, 2017 

 

Project:    Autopsy HVAC Replacement at DFS Wilmington 

DFM Project No:       MC4501000001 

 
The work herein shall be considered part of the bid documents for the referenced project 

and carried out in accordance with the following supplemental instructions issued in 

accordance with the Contract Documents without change in Contract Sum or Contract Time.  

Acknowledge receipt of addendum on the bid form as indicated. 

  

Clarifications / Pre-Bid Meeting Minutes: 

 

1. Introductions: 

a. OMB/DFM Project Manager – Dean Seely 

(joseph.seely@state.de.us) (302) 739-5644. 

b. Studio JAED Project Manager – Brian Zigmond 

(zigmondb@studiojaed.com) 302-832-1652 

c. Studio JAED Assistant Project Manager – Dan Shurina 

(shurinad@studiojaed.com) 302-832-1652. 

2. See attached pre-bid sign in sheets for reference. 

3. Review of Bidding Timeline: 

a. Bid opening is to take place in the reception area of the Facilities 

Management Office in the Thomas Collins Building, 540 S. DuPont 

Highway, Suite 1 (Third Floor), Dover, DE 19901 at 2:00 p.m. local 

time on Thursday, November 16, 2017 – as described in the 

invitation to bid / advertisement for bids.   

b. Bidders are to submit questions in writing by email to both Brian 

Zigmond and Dan Shurina at the e-mail addresses noted above. 

Responses will be issued by addendum. 

c. Bidder questions will be accepted until 5:00PM, Monday, October 

13, 2017.   

4. All drawings must be purchased through RCI as noted in the bid 

advertisement.  All information / addenda will be released through RCI for 

this bid. 

a. IT IS THE CONTRACTOR’S RESPONSBILITY TO CONTACT RCI PRIOR 

TO THE BID DATE TO ENSURE THAT THEY HAVE RECEIVED ALL 

ADDENDA FOR THE PROJECT. 

5. A voluntary contractor walkthrough is scheduled for Tuesday, November 

7th, 2017; beginning at 11:00 AM.  NOTE:  Photographs will be limited to 

certain areas of the building at the discretion of the building end-users. 

6. The project includes a $10,000 allowance for unforeseen conditions which 

is to be included in contractor’s base bid price and is to be used at the 

owner’s discretion as project progresses.  The allowance is not intended for 

any portion of work indicated in the bid documents.  Any balance 

remaining in the allowance is to be returned to owner by credit change 

order at project conclusion. 

Addendum 

 No. 1 
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7. Bid Form and Required Documents: 

a. Bidders may not alter the bid form.   

b. If bid form is reissued during the bidding process, the latest bid 

form is to be submitted. 

c. Bidders are not to leave any blank lines on the bid form.  Fill out bid 

form completely. 

d. Bidders are to individually acknowledge receipt of each numbered 

addendum received on the bid form.  Bidders must list themselves 

for any listed subcontractors scope of work if they intend to do the 

scope of work with their own work force. 

e. Drug affidavits are required for bidders and listed subcontractors. 

f. Bidders are to include a copy of Delaware business license with bid 

form. 

g. A bid bond is required.  Bidders are to use the state bid bond form, 

a copy of which is found in the project manual. 

8. Note:  Construction will require temporary heat to be provided by the 

contractor to maintain appropriate conditions to complete all work, 

including the installation of the new flooring under separate contract. 

9. General Project Schedule (all items are subject to change due to 

unforeseen circumstances):   

a. Purchase orders are expected to be in place by mid-January 2018 

b. The total shutdown length for the autopsy suite shall be limited to 

3 months (calendar).  All necessary mobilization equipment, 

products, etc. are expected to be in place prior to the Owner 

leaving the site. 

10. A commissioning agent has been retained by the State of Delaware for this 

project. 

11. After-hours work may only be undertaken in strict coordination with the 

Owner, and will only be entertained for specific needs such as utility 

shutdowns or particularly disruptive work. 

12. The State of Delaware will review previous HAZMAT / AHERA reports for 

the site. 

13. The building occupants being displaced will be relocated under separate 

contract. 

14. As noted in the bid documents, the contractor managing this project will be 

responsible for coordination of all other contracts being undertaken during 

this project timeline.  However, the contractor is NOT responsible for 

providing additional supervision while work being performed outside of 

their contract is underway. 

15. The contractor is responsible for obtaining all building permits.  No 

drawings have been submitted to the City at this time.  Signed and sealed 

drawings will be provided to the successful contractor for this purpose. 

16. Parking – As noted, parking on the site is extremely limited.  DFS is working 

to obtain some parking across the street in conjunction with DART.  

Additional information will be provided in a future addendum.  
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Changes to Specifications: 
   

1. Specification 00 01 15 List of Drawing Sheets – Revised to match drawings. 

2. Specification 00 41 13 Bid Form – Revised description for Add Alternate #1. 

3. Specification 22 10 05 Plumbing Piping – See revised specification, 

attached: 

a. Added requirements for flanges, unions, and couplings. 

b. Added requirements for pipe hangers and supports. 

c. Added requirements for valves. 

d. Added requirement for appliance connection. 

4. Specification 23 07 13 Duct Insulation – See revised specification, attached.  

Revised requirements for insulation thickness and insulation in exposed 

areas. 

5. Specification 23 09 50 Building Automation System (BAS) General – See 

revised specification, attached.  Revised description of base bid scope of 

work.   

6. Specification 23 09 58 Sequence of Operations – See revised specification, 

attached.  Added reference to see drawings for equipment-specific 

sequences and added sequences for exhaust fans. 

 

General Information: 

 

Pre-Bid Sign-in Sheet:  Please see attached sheet for a list of the attendees at 

the mandatory pre-bid. 

 

Pre-Bid Meeting Minutes:  Please see above. These are now integral to the 

bidding documents. 

 

END 



HEADQUARTERS 

2500 WRANGLE HILL ROAD        302.832.1652  PHONE 

FOX RUN OFFICE PLAZA, SUITE 110      302.832.1423  FAX 

BEAR,  DE  19701 

 
 

ARCHITECTS            ENGINEERS            FACILITIES SOLUTIONS 

 

Project:  State of Delaware 
Project No.:  MC4501000001 / 14064 
Date:   November 1, 2017 

 

PRE-BID 

SIGN IN SHEET 

 

 

  REPRESENTATIVE    FIRM / PHONE / FAX / EMAIL 

 

 

  
 

 

1. Scott A. Capaldi  Critical Design and Construction Corp 

    302-588-4406 

  No Fax 

  sacapaldi@cdaccorp.net  

2. Jose Waybright  East Coast Plumbing & HVAC, Inc. 

  302-266-0530 

  302-266-0532 

jose@ecph.net    

  

3. Kyle Contino  GEM Mechanical Services, Inc. 

  610-361-9667  x105 

  610-969-5167 

kyle@gemmsi.com    

 4. Michael Travers, Sr.  DFM/OMB 

  302-270-8641 

   

michael.travers@state.de.us  

  

5. Chip Gruber  Schlosser & Assoc. 

  302-738-7333 

   302-738-5692 

   abakersa@hotmail.com  
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  REPRESENTATIVE    FIRM / PHONE / FAX / EMAIL 

 

 

  
 

6. Bill Michelinie  BCI 

    302-325-2700  x104 

  302-325-2733 

  bmichelinie@bci-online.com   

7. Matthew Celata  Preferred Electric Inc. 

  302-669-6252 

  No Fax # 

mdcelata@preferredinc.net   

  

8. John DeMatteis  Nickle Electrical Companies 

  302-856-1006 

  302-856-6119 

jdematteis@nickle.email   

9. Matt Bailey  Power Plus Electrical Contracting, Inc. 

  302-736-5070 

  302-736-5120 

  Mattb337@gmail.com  

  

10. Dean Seely  OMB/DFM 
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  REPRESENTATIVE    FIRM / PHONE / FAX / EMAIL 

 

 

  
 

11. Ben Bello  Summit Mechanical 

    302-893-5155 

  No Fax # 

  rob@summitmech.org  

12. Fred Fisher  First State Electric 

  302-322-0140 

  302-322-1146 

  fredf@firststateelectric.com  

  

13. Michael Rosaio  Commonwealth Construction Co. 

  302-654-6611 

  No Fax # 

  mrosaio@itscommonwealth.com   

14. Michael Donaldson  Donaldson Electric Inc. 

  302-660-7534 

  302-660-7542 

mdonaldson@donaldson-electric.com 

  

15. Phillip Tarlton  Gaudelli Bros. 

  856-825-0636 

   No Fax # 

  phillip@gaudellibros.com  
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  REPRESENTATIVE    FIRM / PHONE / FAX / EMAIL 

 

 

  
 

16. Greg Pappas Sobieski Mechanical Contractors 

302-993-0104 

302-993-0119 

gpappas@sobieskiinc.com  

  

17. Dave Ward  Sobieski Mechanical Contractors 

  302-993-0104 x272 

  302-250-4805 

  dward@sobieskiinc.com  

   

18. Chase Lockard  Modern Controls 

  302-325-6800 

  No Fax # 

  clockard@moderncontrols.com  

   

  
 

19. Brian Smith  BSS Contractors 

    610-345-1316 

  610-345-1318 

    bsmith@bsscontractor.com 

 

20. Phillip Tarlton  Gaudelli Bros. 

  856-825-0636 

   No Fax # 

  phillip@gaudellibros.com  



HEADQUARTERS 

2500 WRANGLE HILL ROAD        302.832.1652  PHONE 

FOX RUN OFFICE PLAZA, SUITE 110      302.832.1423  FAX 

BEAR,  DE  19701 

 
 

ARCHITECTS            ENGINEERS            FACILITIES SOLUTIONS 

 

Project:  State of Delaware 
Project No.:  MC4501000001 / 14064 
Date:   November 1, 2017 
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  REPRESENTATIVE    FIRM / PHONE / FAX / EMAIL 

 

 

  
 

21. Kevin Cahill Cahill Contracting Inc. 

302-378-9650 

302-378-9653 

cahillelectricco@verizon.net  

  

22. Tony Ventresca  Ventresca Bros. Inc. 

  302-658-6436 

  302-658-2360 

  tony@ventrescabros.com  

   

23. Stacey Bush  Amakor Inc. 

  302-834-8664 

  302-834-8681 

  amakor@aol.com  

   

  
               

24. Tony Orga  Deldeo Builders 

    302-791-0243 

  No Fax # 

    loudeldeo@comcast.net  

 

25. Robert Mullin  Robert Mullin HVAC 

  302-893-7217 

   302-322-9007 

  robertmullinhvac@gmail.com  
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26. John Evans  State of Delaware Division of Forensic Sciences 

   

   

   

  

27. Maurice Jenkins  State of Delaware OMB/DFM 

   

   

   

   

28.    

   

   

   

   

  
 

29.    
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October 6, 2017 Wilmington, Delaware

StudioJAED Architects & Engineers
Project No. 14064

LIST OF DRAWING SHEETS
00 01 15 - 1

SECTION 00 01 15
LIST OF DRAWING SHEETS

G1.0 - PROJECT COVER SHEET

S100 - GENERAL NOTES, SCHEDULES, & TYPICAL DETAILS
S101 - ROOF FRAMING PLAN

A4.0 - SITE PLAN AND DETAILS
A4.1 - REFLECTED CEILING PLAN

M8.0 - MECHANICAL DEMOLITION PLANS
M8.1 - GROUND FLOOR MECHANICAL PLAN
M8.2 - MECHANICAL SECOND FLOOR AND ROOF PLANS

E9.0 - ELECTRICAL DEMOLITION PLANS
E9.1 - ELECTRICAL PLANS

END OF LIST OF DRAWINGS
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October 6, 2017 Wilmington, Delaware

StudioJAED Architects & Engineers BID FORM
Project No. 14064 00 41 13 - 1

DFS Autopsy Suite HVAC Replacement
200 S. Adams Street, Wilmington, DE

Contract No. MC4501000001

BID FORM

For Bids Due:       (DATE) To: (OWNER)

Name of Bidder:

Delaware Business License No.:   Taxpayer ID No.:  
(A copy of Bidder’s Delaware Business License must be attached to this form.)

(Other License Nos.):  

Phone No.:  (            )                              -                                          Fax No.:  (             )             - 

The undersigned, representing that he has read and understands the Bidding Documents and that this bid is made in accordance 
therewith, that he has visited the site and has familiarized himself with the local conditions under which the Work is to be performed, 
and that his bid is based upon the materials, systems and equipment described in the Bidding Documents without exception, hereby 
proposes and agrees to provide all labor, materials, plant, equipment, supplies, transport and other facilities required to execute the 
work described by the aforesaid documents for the lump sum itemized  below:

$
($                                                               )

ALTERNATES

Alternate prices conform to applicable project specification section.  Refer to specifications for a complete description of the 
following Alternates. An “ADD” or “DEDUCT” amount is indicated by the crossed out part that does not apply.

ALTERNATE No. 1:  Provide a new building automation system to control the new HVAC equipment.  BAS shall comply with all 
State Standards.  See Specification Section 23 09 50.

Add/Deduct:  
($                                                               )



Autopsy HVAC Replacement MC4501000001
Wilmington, Delaware October 6, 2017

BID FORM StudioJAED Architects & Engineers
00 41 13 - 2 Project No. 14064

DFS Autopsy Suite HVAC Replacement
200 S. Adams Street, Wilmington, DE

Contract No. MC4501000001

BID FORM

UNIT PRICES

Unit prices conform to applicable project specification section. Refer to the specifications for a complete description of the following 
Unit Prices:

     

NONE

ALLOWANCES

Allowances are included as follows:

ALLOWANCE  No. 1:  $10,000 for general contingencies.
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October 6, 2017 Wilmington, Delaware

StudioJAED Architects & Engineers BID FORM
Project No. 14064 00 41 13 - 3

DFS Autopsy Suite HVAC Replacement
200 S. Adams Street, Wilmington, DE

Contract No. MC4501000001

BID FORM

I/We acknowledge Addendums numbered  and the price(s) submitted include any cost/schedule impact they may have.

This bid shall remain valid and cannot be withdrawn for thirty (30) days from the date of opening of bids (60 days for School Districts 
and Department of Education), and the undersigned shall abide by the Bid Security forfeiture provisions.  Bid Security is attached to 
this Bid.

The Owner shall have the right to reject any or all bids, and to waive any informality or irregularity in any bid received.

This bid is based upon work being accomplished by the Sub-Contractors named on the list attached to this bid.

Should I/We be awarded this contract, I/We pledge to achieve substantial completion of all the work within  calendar days of 
the Notice to Proceed.

The undersigned represents and warrants that he has complied and shall comply with all requirements of local, state, and national 
laws; that no legal requirement has been or shall be violated in making or accepting this bid, in awarding the contract to him or in the 
prosecution of the work required; that the bid is legal and firm; that he has not, directly or indirectly, entered into any agreement, 
participated in any collusion, or otherwise taken action in restraint of free competitive bidding.

Upon receipt of written notice of the acceptance of this Bid, the Bidder shall, within twenty (20) calendar days, execute the agreement 
in the required form and deliver the Contract Bonds, and Insurance Certificates, required by the Contract Documents.

I am / We are an Individual / a Partnership / a Corporation

By    Trading as  
           (Individual’s / General Partner’s / Corporate Name)
       
           (State of Corporation)

Business Address:

Witness:   By: 
          ( Authorized Signature )

 (SEAL)           
          ( Title )

             Date:  

ATTACHMENTS
Sub-Contractor List
Non-Collusion Statement
Affidavit(s) of Employee Drug Testing Program
Bid Security
Copy of Business License
(Others as Required by Project Manuals)
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BID FORM StudioJAED Architects & Engineers
00 41 13 - 4 Project No. 14064

DFS Autopsy Suite HVAC Replacement
200 S. Adams Street, Wilmington, DE

Contract No. MC4501000001

BID FORM
SUBCONTRACTOR LIST

In accordance with Title 29, Chapter 6962 (d)(10)b Delaware Code, the following sub-contractor listing must accompany the bid 
submittal. The name and address of the sub-contractor must be listed for each category where the bidder intends to use a sub-
contractor to perform that category of work. In order to provide full disclosure and acceptance of the bid by the Owner, it is 
required that bidders list themselves as being the sub-contractor for all categories where he/she is qualified and intends to 
perform such work.  This form must be filled out completely with no additions or deletions.  Note that all subcontractors listed 
below must have a signed Affidavit of Employee Drug Testing Program included with this bid.

Subcontractor Category Subcontractor     Address (City & State)
Subcontractors tax payer ID #

 or Delaware Business license #

1. Electrical     

2. Concrete     

3. Mechanical     

4. Masonry     

5. Metal Fabrications     



MC4501000001 Autopsy HVAC Replacement
October 6, 2017 Wilmington, Delaware

StudioJAED Architects & Engineers BID FORM
Project No. 14064 00 41 13 - 5

DFS Autopsy Suite HVAC Replacement
200 S. Adams Street, Wilmington, DE

Contract No. MC4501000001

BID FORM

NON-COLLUSION STATEMENT

This is to certify that the undersigned bidder has neither directly nor indirectly, entered into any agreement, participated in any 
collusion or otherwise taken any action in restraint of free competitive bidding in connection with this proposal submitted this date (to 
the Office of Management and Budget, Division of Facilities Management).

All the terms and conditions of (Project or Contract Number) have been thoroughly examined and are understood.

NAME OF BIDDER:

AUTHORIZED REPRESENTATIVE
(TYPED):

AUTHORIZED REPRESENTATIVE
(SIGNATURE):

TITLE:

ADDRESS OF BIDDER:

E-MAIL: ______________________________________________________________

PHONE NUMBER:

Sworn to and Subscribed before me this  day of   20 .

My Commission expires  .   NOTARY PUBLIC  .

THIS PAGE MUST BE SIGNED AND NOTARIZED FOR YOUR BID TO BE CONSIDERED.



Autopsy HVAC Replacement MC4501000001
Wilmington, Delaware October 6, 2017

BID FORM StudioJAED Architects & Engineers
00 41 13 - 6 Project No. 14064

DFS Autopsy Suite HVAC Replacement
200 S. Adams Street, Wilmington, DE

Contract No. MC4501000001

AFFIDAVIT
OF

EMPLOYEE DRUG TESTING PROGRAM

4104 Regulations for the Drug Testing of Contractor and Subcontractor Employees Working on Large Public Works Projects requires 
that Contractors and Subcontractors implement a program of mandatory drug testing for Employees who work on Large Public Works 
Contracts funded all or in part with public funds.

We hereby certify that we have in place or will implement during the entire term of the contract a Mandatory Drug Testing Program 
for our employees on the jobsite that complies with this regulation:

Contractor/Subcontractor Name:

Contractor/Subcontractor Address:

Authorized Representative (typed or printed):

Authorized Representative (signature):

Title:

Sworn to and Subscribed before me this day of   20 .

My Commission expires  .   NOTARY PUBLIC  .

THIS PAGE MUST BE SIGNED AND NOTARIZED FOR YOUR BID TO BE CONSIDERED.



MC4501000001 Autopsy HVAC Replacement
October 6, 2017 Wilmington, Delaware

StudioJAED Architects & Engineers
Project No. 14064

PLUMBING PIPING
22 10 05 - 1

SECTION 22 10 05
PLUMBING PIPING

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Pipe, pipe fittings, valves, and connections for piping systems.
1. Gas.
2. Flanges, unions, and couplings.
3. Pipe hangers and supports.
4. Valves.

1.02 REFERENCE STANDARDS
A. ANSI Z21.22 -  American National Standard for Relief Valves and Automatic Gas Shutoff

Devices for Hot Water Supply Systems.
B. ASME B16.1 - Gray Iron Pipe Flanges and Flanged Fittings: Classes 25, 125, and 250.
C. ASME B16.3 - Malleable Iron Threaded Fittings: Classes 150 and 300.
D. ASME B16.4 - Gray Iron Threaded Fittings: Classes 125 and 250.
E. ASME B16.18 - Cast Copper Alloy Solder Joint Pressure Fittings.
F. ASME B16.22 - Wrought Copper and Copper Alloy Solder-Joint Pressure Fittings.
G. ASME B16.23 - Cast Copper Alloy Solder Joint Drainage Fittings - DWV.
H. ASME B16.26 - Cast Copper Alloy Fittings for Flared Copper Tubes.
I. ASME B16.29 - Wrought Copper and Wrought Copper Alloy Solder Joint Drainage Fittings -

DWV.
J. ASME B31.1 - Power Piping.
K. ASME B31.2 - Fuel Gas Piping; The American Society of Mechanical Engineers.
L. ASME B31.9 - Building Services Piping.
M. ASME BPVC-IV - Boiler and Pressure Vessel Code, Section IV - Rules for Construction of

Heating Boilers.
N. ASME BPVC-IX - Boiler and Pressure Vessel Code, Section IX - Welding, Brazing, and Fusing

Qualifications.
O. ASTM A47/A47M - Standard Specification for Ferritic Malleable Iron Castings.
P. ASTM A53/A53M - Standard Specification for Pipe, Steel, Black and Hot-Dipped, Zinc-Coated,

Welded and Seamless.
Q. ASTM A74 - Standard Specification for Cast Iron Soil Pipe and Fittings.
R. ASTM A234/A234M - Standard Specification for Piping Fittings of Wrought Carbon Steel and

Alloy Steel for Moderate and High Temperature Service.
S. ASTM B32 - Standard Specification for Solder Metal.
T. ASTM B42 - Standard Specification for Seamless Copper Pipe, Standard Sizes.
U. ASTM B43 - Standard Specification for Seamless Red Brass Pipe, Standard Sizes.
V. ASTM B68/B68M - Standard Specification for Seamless Copper Tube, Bright Annealed.
W. ASTM B68M - Standard Specification for Seamless Copper Tube, Bright Annealed (Metric).
X. ASTM B75/B75M - Standard Specification for Seamless Copper Tube.
Y. ASTM B75M - Standard Specification for Seamless Copper Tube (Metric).
Z. ASTM B88 - Standard Specification for Seamless Copper Water Tube.
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PLUMBING PIPING StudioJAED Architects & Engineers
22 10 05 - 2 Project No. 14064

AA. ASTM B88M - Standard Specification for Seamless Copper Water Tube (Metric).
AB. ASTM B280 - Standard Specification for Seamless Copper Tube for Air Conditioning and

Refrigeration Field Service.
AC. ASTM B302 - Standard Specification for Threadless Copper Pipe, Standard Sizes.
AD. ASTM B306 - Standard Specification for Copper Drainage Tube (DWV).
AE. ASTM C4 - Standard Specification for Clay Drain Tile and Perforated Clay Drain Tile.
AF. ASTM C14 - Standard Specification for Nonreinforced Concrete Sewer, Storm Drain, and

Culvert Pipe.
AG. ASTM C14M - Standard Specification for Nonreinforced Concrete Sewer, Storm Drain, and

Culvert Pipe (Metric).
AH. ASTM C76 - Standard Specification for Reinforced Concrete Culvert, Storm Drain, and Sewer

Pipe.
AI. ASTM C76M - Standard Specification for Reinforced Concrete Culvert, Storm Drain, and Sewer

Pipe (Metric).
AJ. ASTM C425 - Standard Specification for Compression Joints for Vitrified Clay Pipe and Fittings.
AK. ASTM C443 - Standard Specification for Joints for Concrete Pipe and Manholes, Using Rubber

Gaskets.
AL. ASTM C443M - Standard Specification for Joints for Concrete Pipe and Manholes, Using

Rubber Gaskets (Metric).
AM. ASTM C564 - Standard Specification for Rubber Gaskets for Cast Iron Soil Pipe and Fittings.
AN. ASTM C700 - Standard Specification for Vitrified Clay Pipe, Extra Strength, Standard Strength,

and Perforated.
AO. ASTM C1053 - Standard Specification for Borosilicate Glass Pipe and Fittings for Drain, Waste,

and Vent (DWV) Applications.
AP. ASTM D1785 - Standard Specification for Poly(Vinyl Chloride) (PVC) Plastic Pipe, Schedules

40, 80, and 120.
AQ. ASTM D2235 - Standard Specification for Solvent Cement for Acrylonitrile-Butadiene-Styrene

(ABS) Plastic Pipe and Fittings.
AR. ASTM D2239 - Standard Specification for Polyethylene (PE) Plastic Pipe (SIDR-PR) Based on

Controlled Inside Diameter.
AS. ASTM D2241 - Standard Specification for Poly (Vinyl Chloride) (PVC) Pressure-Rated Pipe

(SDR Series).
AT. ASTM D2447 - Standard Specification for Polyethylene (PE) Plastic Pipe, Schedules 40 and 80,

Based on Outside Diameter; 2003.
AU. ASTM D2466 - Standard Specification for Poly(Vinyl Chloride) (PVC) Plastic Pipe Fittings,

Schedule 40.
AV. ASTM D2513 - Standard Specification for Polyethylene (PE) Gas Pressure Pipe, Tubing, and

Fittings.
AW. ASTM D2564 - Standard Specification for Solvent Cements for Poly(Vinyl Chloride) (PVC)

Plastic Piping Systems.
AX. ASTM D2609 - Standard Specification for Plastic Insert Fittings for Polyethylene (PE) Plastic

Pipe.
AY. ASTM D2661 - Standard Specification for Acrylonitrile-Butadiene-Styrene (ABS) Schedule 40

Plastic Drain, Waste, and Vent Pipe and Fittings.
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AZ. ASTM D2665 - Standard Specification for Poly(Vinyl Chloride) (PVC) Plastic Drain, Waste, and
Vent Pipe and Fittings.

BA. ASTM D2680 - Standard Specification for Acrylonitrile-Butadiene-Styrene (ABS) and Poly(Vinyl
Chloride) (PVC) Composite Sewer Piping.

BB. ASTM D2683 - Standard Specification for Socket-Type Polyethylene Fittings for Outside
Diameter-Controlled Polyethylene Pipe and Tubing.

BC. ASTM D2729 - Standard Specification for Poly(Vinyl Chloride) (PVC) Sewer Pipe and Fittings.
BD. ASTM D2751 - Standard Specification for Acrylonitrile-Butadiene-Styrene (ABS) Sewer Pipe

and Fittings.
BE. ASTM D2846/D2846M - Standard Specification for Chlorinated Poly(Vinyl Chloride) (CPVC)

Plastic Hot- and Cold-Water Distribution Systems.
BF. ASTM D2855 - Standard Practice for Making Solvent-Cemented Joints with Poly(Vinyl Chloride)

(PVC) Pipe and Fittings.
BG. ASTM D2996 - Standard Specification for Filament-Wound "Fiberglass"

(Glass-Fiber-Reinforced Thermosetting-Resin) Pipe.
BH. ASTM D2997 - Standard Specification for Centrifugally Cast "Fiberglass"

(Glass-Fiber-Reinforced Thermosetting-Resin) Pipe.
BI. ASTM D3034 - Standard Specification for Type PSM Poly(Vinyl Chloride) (PVC) Sewer Pipe

and Fittings.
BJ. ASTM D3262 - Standard Specification for "Fiberglass" (Glass-Fiber-Reinforced

Thermosetting-Resin) Sewer Pipe.
BK. ASTM D3517 - Standard Specification for "Fiberglass" (Glass-Fiber-Reinforced

Thermosetting-Resin) Pressure Pipe.
BL. ASTM D3754 - Standard Specification for "Fiberglass" (Glass-Fiber-Reinforced

Thermosetting-Resin) Sewer and Industrial Pressure Pipe.
BM. ASTM D3840 - Standard Specification for "Fiberglass" (Glass-Fiber-Reinforced

Thermosetting-Resin) Pipe Fittings for Nonpressure Applications.
BN. ASTM F437 - Standard Specification for Threaded Chlorinated Poly(Vinyl Chloride) (CPVC)

Plastic Pipe Fittings, Schedule 80.
BO. ASTM F438 - Standard Specification for Socket-Type Chlorinated Poly(Vinyl Chloride) (CPVC)

Plastic Pipe Fittings, Schedule 40.
BP. ASTM F439 - Standard Specification for Chlorinated Poly(Vinyl Chloride) (CPVC) Plastic Pipe

Fittings, Schedule 80.
BQ. ASTM F441/F441M - Standard Specification for Chlorinated Poly(Vinyl Chloride) (CPVC) Plastic

Pipe, Schedules 40 and 80.
BR. ASTM F442/F442M - Standard Specification for Chlorinated Poly(Vinyl Chloride) (CPVC) Plastic

Pipe (SDR-PR).
BS. ASTM F477 - Standard Specification for Elastomeric Seals (Gaskets) for Joining Plastic Pipe.
BT. ASTM F493 - Standard Specification for Solvent Cements for Chlorinated Poly (Vinyl Chloride)

(CPVC) Plastic Pipe and Fittings.
BU. ASTM F628 - Standard Specification for Acrylonitrile-Butadiene-Styrene (ABS) Schedule 40

Plastic Drain, Waste, and Vent Pipe With a Cellular Core.
BV. ASTM F679 - Standard Specification for Poly(Vinyl Chloride) (PVC) Large-Diameter Plastic

Gravity Sewer Pipe and Fittings.
BW. ASTM F708 - Standard Practice for Design and Installation of Rigid Pipe Hangers.
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BX. ASTM F1281 - Standard Specification for Crosslinked Polyethylene/Aluminum/Crosslinked
Polyethylene (PEX-AL-PEX) Pressure Pipe.

BY. ASTM F1282 - Standard Specification for Polyethylene/Aluminum/Polyethylene (PE-AL-PE)
Composite Pressure Pipe.

BZ. AWS A5.8M/A5.8 - Specification for Filler Metals for Brazing and Braze Welding.
CA. AWWA C105/A21.5 - Polyethylene Encasement for Ductile-Iron Pipe Systems.
CB. AWWA C110/A21.10 - Ductile-Iron and Gray-Iron Fittings.
CC. AWWA C111/A21.11 - Rubber-Gasket Joints for Ductile-Iron Pressure Pipe and Fittings.
CD. AWWA C151/A21.51 - Ductile-Iron Pipe, Centrifugally Cast.
CE. AWWA C651 - Disinfecting Water Mains.
CF. AWWA C900 - Polyvinyl Chloride (PVC) Pressure Pipe, 4 In. Through 12 In. (100 mm Through

300 mm), for Water Transmission and Distribution.
CG. AWWA C901 - Polyethylene (PE) Pressure Pipe and Tubing, 1/2 In. (13 mm) Through 3 In. (76

mm), for Water Service.
CH. AWWA C950 - Fiberglass Pressure Pipe.
CI. CISPI 301 - Standard Specification for Hubless Cast Iron Soil Pipe and Fittings for Sanitary and

Storm Drain, Waste and Vent Piping Applications.
CJ. CISPI 310 - Specification for Coupling for Use in Connection with Hubless Cast Iron Soil Pipe

and Fittings for Sanitary and Storm Drain, Waste, and Vent Piping Applications.
CK. ICC-ES AC01 - Acceptance Criteria for Expansion Anchors in Masonry Elements.
CL. ICC-ES AC106 - Acceptance Criteria for Predrilled Fasteners (Screw Anchors) in Masonry

Elements.
CM. ICC-ES AC193 - Acceptance Criteria for Mechanical Anchors in Concrete Elements.
CN. MSS SP-58 - Pipe Hangers and Supports - Materials, Design, Manufacture, Selection,

Application, and Installation.
CO. MSS SP-67 - Butterfly Valves.
CP. MSS SP-69 - Pipe Hangers and Supports - Selection and Application; Manufacturers

Standardization Society of the Valve and Fittings Industry, Inc..
CQ. MSS SP-70 - Cast Iron Gate Valves, Flanged and Threaded Ends.
CR. MSS SP-71 - Cast Iron Swing Check Valves, Flanged and Threaded Ends.
CS. MSS SP-78 - Cast Iron Plug Valves, Flanged and Threaded Ends.
CT. MSS SP-80 - Bronze Gate, Globe, Angle and Check Valves.
CU. MSS SP-85 - Cast Iron Globe & Angle Valves, Flanged and Threaded Ends.
CV. MSS SP-89 - Pipe Hangers and Supports - Fabrication and Installation Practices;

Manufacturers Standardization Society of the Valve and Fittings Industry, Inc..
CW.MSS SP-110 - Ball Valves Threaded, Socket-Welding, Solder Joint, Grooved and Flared Ends.
CX. NFPA 54 - National Fuel Gas Code; National Fire Protection Association.
CY. NFPA 58 - Liquefied Petroleum Gas Code; National Fire Protection Association.

1.03 SUBMITTALS
A. Product Data:  Provide data on pipe materials, pipe fittings, valves, and accessories.  Provide

manufacturers catalog information.  Indicate valve data and ratings.
B. Project Record Documents:  Record actual locations of valves.

https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=MSS%20SP%2078
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1.04 QUALITY ASSURANCE
A. Perform Work in accordance with local standards.

1. Maintain one copy on project site.
B. Valves:  Manufacturer's name and pressure rating marked on valve body.
C. Welding Materials and Procedures:  Conform to ASME (BPV IX) and applicable state labor

regulations.
D. Welder Qualifications:  Certified in accordance with ASME (BPV IX).
E. Identify pipe with marking including size, ASTM material classification, ASTM specification,

potable water certification, water pressure rating.
1.05 REGULATORY REQUIREMENTS

A. Perform Work in accordance with local plumbing code.
B. Conform to applicable code for installation of backflow prevention devices.
C. Provide certificate of compliance from authority having jurisdiction indicating approval of

installation of backflow prevention devices.
1.06 DELIVERY, STORAGE, AND HANDLING

A. Accept valves on site in shipping containers with labeling in place.  Inspect for damage.
B. Provide temporary protective coating on cast iron and steel valves.
C. Provide temporary end caps and closures on piping and fittings.  Maintain in place until

installation.
D. Protect piping systems from entry of foreign materials by temporary covers, completing sections

of the work, and isolating parts of completed system.
1.07 FIELD CONDITIONS

A. Do not install underground piping when bedding is wet or frozen.
1.08 EXTRA MATERIALS

A. Provide two repacking kits for each size valve.
PART 2  PRODUCTS
2.01 NATURAL GAS PIPING, BURIED BEYOND 5 FEET OF BUILDING

A. Steel Pipe:  ASTM A53/A53M Schedule 40 black.
1. Fittings:  ASTM A234/A234M, wrought steel welding type, with AWWA C105/A21.5

polyethylene jacket or double layer, half-lapped 10 mil polyethylene tape.
2. Joints:  ASME B31.1, welded.

2.02 NATURAL GAS PIPING, BURIED WITHIN 5 FEET OF BUILDING
A. Steel Pipe:  ASTM A53/A53M Schedule 40 black.

1. Fittings:  ASTM A234/A234M, wrought steel welding type.
2. Joints:  ASME B31.1 or ASME B31.9, welded.
3. Jacket:  AWWA C105/A21.5 polyethylene jacket or double layer, half-lapped 10 mil

polyethylene tape.
2.03 NATURAL GAS PIPING, ABOVE GRADE

A. Steel Pipe:  ASTM A53/A53M Schedule 40 black.
1. Fittings:  ASME B16.3, malleable iron, or ASTM A234/A234M, wrought steel welding type.
2. Joints:  NFPA 54, threaded or welded to ASME B31.1 or ASME B31.9.
3. Paint:  ANSI Standard Yellow, cleaned and primed.
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2.04 FLANGES, UNIONS, AND COUPLINGS
A. Unions for Pipe Sizes 3 Inches and Under:

1. Ferrous pipe:  Class 150 malleable iron threaded unions.
2. Copper tube and pipe:  Class 150 bronze unions with soldered joints.

B. Flanges for Pipe Size Over 1 Inch:
1. Ferrous pipe:  Class 150 malleable iron threaded or forged steel slip-on flanges; preformed

neoprene gaskets.
C. Dielectric Connections:  Union with galvanized or plated steel threaded end, copper solder end,

water impervious isolation barrier.
2.05 PIPE HANGERS AND SUPPORTS

A. Provide hangers and supports that comply with MSS SP-58.
1. If type of hanger or support for a particular situation is not indicated, select appropriate

type using MSS SP-58 recommendations.
2. Overhead Supports:  Individual steel rod hangers attached to structure or to trapeze

hangers.
3. Trapeze Hangers:  Welded steel channel frames attached to structure.
4. Vertical Pipe Support:  Steel riser clamp.

B. Hanger Fasteners:  Attach hangers to structure using appropriate fasteners, as follows:
1. Concrete Wedge Expansion Anchors:  Complying with ICC-ES AC193.
2. Masonry Wedge Expansion Anchors:  Complying with ICC-ES AC01.
3. Concrete Screw Type Anchors:  Complying with ICC-ES AC193.
4. Masonry Screw Type Anchors:  Complying with ICC-ES AC106.

2.06 BALL VALVES
A. Manufacturers:

1. Conbraco Industries:  www.conbraco.com.
2. Nibco, Inc:  www.nibco.com.
3. Milwaukee Valve Company:  www.milwaukeevalve.com.

B. Construction, 4 Inches and Smaller:  MSS SP-110, Class 150, 400 psi CWP, bronze, two piece
body, chrome plated brass ball, regular port, teflon seats and stuffing box ring, blow-out proof
stem, lever handle with balancing stops, solder ends with union.

2.07 PLUG VALVES
A. Manufacturers:

1. Conbraco Industries:  www.conbraco.com.
2. Nibco, Inc:  www.nibco.com.
3. Milwaukee Valve Company:  www.milwaukeevalve.com.

B. Construction 2-1/2 Inches and Larger:  1, 175 psi CWP, cast iron body and plug, pressure
lubricated, teflon or Buna N packing, flanged or grooved ends.  Provide lever operator with set
screw.

PART 3  EXECUTION
3.01 EXAMINATION

A. Verify that excavations are to required grade, dry, and not over-excavated.
3.02 PREPARATION

A. Ream pipe and tube ends.  Remove burrs.  Bevel plain end ferrous pipe.
B. Remove scale and dirt, on inside and outside, before assembly.
C. Prepare piping connections to equipment with flanges or unions.
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3.03 INSTALLATION
A. Connect gas piping to appliances with drip-leg and shutoff valve.
B. Install in accordance with manufacturer's instructions.
C. Provide non-conducting dielectric connections wherever jointing dissimilar metals.
D. Route piping in orderly manner and maintain gradient.  Route parallel and perpendicular to

walls.
E. Install piping to maintain headroom, conserve space, and not interfere with use of space.
F. Group piping whenever practical at common elevations.
G. Establish elevations of buried piping outside the building to ensure not less than 3 ft of cover.
H. Install vent piping penetrating roofed areas to maintain integrity of roof assembly .
I. Where pipe support members are welded to structural building framing, scrape, brush clean,

and apply one coat of zinc rich primer to welding.
J. Provide support for utility meters in accordance with requirements of utility companies.
K. Install bell and spigot pipe with bell end upstream.
L. Install valves with stems upright or horizontal, not inverted.
M. Pipe vents from gas pressure reducing valves to outdoors and terminate in weather proof hood.
N. Install water piping to ASME B31.9.
O. Install fuel oil piping to ASME B31.9.
P. PVC Pipe:  Make solvent-welded joints in accordance with ASTM D2855.
Q. Sleeve pipes passing through partitions, walls and floors.
R. In all kitchen/cooking areas, any piping that is run exposed along walls shall maintain at least a

1" gap to the walls to allow for cleaning per codes.
S. Inserts:

1. Provide inserts for placement in concrete formwork.
2. Provide inserts for suspending hangers from reinforced concrete slabs and sides of

reinforced concrete beams.
3. Provide hooked rod to concrete reinforcement section for inserts carrying pipe over 4

inches.
4. Where concrete slabs form finished ceiling, locate inserts flush with slab surface.
5. Where inserts are omitted, drill through concrete slab from below and provide through-bolt

with recessed square steel plate and nut flush with top of slab.
T. Pipe Hangers and Supports:

1. Install in accordance with ASME B31.9.
2. Support horizontal piping as scheduled.
3. Install hangers to provide minimum 1/2 inch space between finished covering and adjacent

work.
4. Place hangers within 12 inches of each horizontal elbow.
5. Use hangers with 1-1/2 inch minimum vertical adjustment.  Design hangers for pipe

movement without disengagement of supported pipe.
6. Support vertical piping at every  floor.  Support riser piping independently of connected

horizontal piping.
7. Where several pipes can be installed in parallel and at same elevation, provide multiple or

trapeze hangers.
8. Provide copper plated hangers and supports for copper piping.
9. Support cast iron drainage piping at every joint.
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3.04 APPLICATION
A. Use grooved mechanical couplings and fasteners only in accessible locations.
B. Install unions downstream of valves and at equipment or apparatus connections.
C. Install brass male adapters each side of valves in copper piped system.  Solder adapters to

pipe.
D. Install gate or ball valves for shut-off and to isolate equipment, part of systems, or vertical risers.
E. Install globe valves for throttling, bypass, or manual flow control services.
F. Provide lug end butterfly valves adjacent to equipment when provided to isolate equipment.
G. Provide spring loaded check valves on discharge of water pumps.
H. Provide plug valves in natural gas systems for shut-off service.
I. Provide flow controls in water recirculating systems where indicated.

3.05 SCHEDULES
A. Pipe Hanger Spacing:

1. Metal Piping:
a. Pipe size:  1/2 inches to 1-1/4 inches:

1) Maximum hanger spacing:  6.5 ft.
2) Hanger rod diameter:  3/8 inches.

b. Pipe size:  1-1/2 inches to 2 inches:
1) Maximum hanger spacing:  10 ft.
2) Hanger rod diameter:  3/8 inch.

c. Pipe size:  2-1/2 inches to 3 inches:
1) Maximum hanger spacing:  10 ft.
2) Hanger rod diameter:  1/2 inch.

d. Pipe size:  4 inches to 6 inches:
1) Maximum hanger spacing:  10 ft.
2) Hanger rod diameter:  5/8 inch.

e. Pipe size:  8 inches to 12 inches:
1) Maximum hanger spacing:  14 ft.
2) Hanger rod diameter:  7/8 inch.

f. Pipe size:  14 inches and Over:
1) Maximum hanger spacing:  20 ft.
2) Hanger rod diameter:  1 inch.

2. Plastic Piping:
a. Pipe Size 1" to 6":

1) Maximum hanger spacing:  6 ft.
2) Hanger rod diameter:  3/8 inch.

b. Pipe Size 8" and Over:
1) Maximum hanger spacing:  6 ft.
2) Hanger rod diameter:  7/8 inch.

END OF SECTION
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SECTION 23 07 13
DUCT INSULATION

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Duct insulation.
B. Insulation jackets/Exterior duct systems

1.02 RELATED REQUIREMENTS
A. Section 01 61 16 - Volatile Organic Compound (VOC) Content Restrictions.
B. Section 09 90 00 - Painting and Coating:  Painting insulation jackets.
C. Section 22 05 53 - Identification for Plumbing Piping and Equipment.
D. Section 23 05 53 - Identification for HVAC Piping and Equipment.
E. Section 23 31 00 - HVAC Ducts and Casings:  Glass fiber ducts.

1.03 REFERENCE STANDARDS
A. ASTM B209 - Standard Specification for Aluminum and Aluminum-Alloy Sheet and Plate.
B. ASTM B209M - Standard Specification for Aluminum and Aluminum-Alloy Sheet and Plate

[Metric].
C. ASTM C518 - Standard Test Method for Steady-State Thermal Transmission Properties by

Means of the Heat Flow Meter Apparatus.
D. ASTM C553 - Standard Specification for Mineral Fiber Blanket Thermal Insulation for

Commercial and Industrial Applications.
E. ASTM C612 - Standard Specification for Mineral Fiber Block and Board Thermal Insulation.
F. ASTM C1071 - Standard Specification for Fibrous Glass Duct Lining Insulation (Thermal and

Sound Absorbing Material).
G. ASTM E84 - Standard Test Method for Surface Burning Characteristics of Building Materials.
H. ASTM E96/E96M - Standard Test Methods for Water Vapor Transmission of Materials.
I. ASTM G21 - Standard Practice for Determining Resistance of Synthetic Polymeric Materials to

Fungi.
J. NFPA 255 - Standard Method of Test of Surface Burning Characteristics of Building Materials;

National Fire Protection Association.
K. SMACNA (DCS) - HVAC Duct Construction Standards Metal and Flexible.
L. UL 723 - Standard for Test for Surface Burning Characteristics of Building Materials.

1.04 SUBMITTALS
A. Product Data:  Provide product description, thermal characteristics, list of materials and

thickness for each service, and locations.
B. Manufacturer's Instructions:  Indicate installation procedures necessary to ensure acceptable

workmanship and that installation standards will be achieved.
1.05 QUALITY ASSURANCE

A. Manufacturer Qualifications:  Company specializing in manufacturing products of the type
specified in this section with not less than three years of documented experience.

B. Applicator Qualifications:  Company specializing in performing the type of work specified in this
section, with minimum three years of experienceand approved by manufacturer.
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1.06 DELIVERY, STORAGE, AND HANDLING
A. Accept materials on site in original factory packaging, labelled with manufacturer's identification,

including product density and thickness.
B. Protect insulation from weather and construction traffic, dirt, water, chemical, and mechanical

damage, by storing in original wrapping.
1.07 FIELD CONDITIONS

A. Maintain ambient temperatures and conditions required by manufacturers of adhesives,
mastics, and insulation cements.

B. Maintain temperature during and after installation for minimum period of 24 hours.
PART 2  PRODUCTS
2.01 REQUIREMENTS FOR ALL PRODUCTS OF THIS SECTION

A. Surface Burning Characteristics:  Flame spread/Smoke developed index of 25/50, maximum,
when tested in accordance with ASTM E84, NFPA 255, or UL 723.

2.02 GLASS FIBER, FLEXIBLE
A. Manufacturer:

1. Knauf Insulation:  www.knaufusa.com.
2. Johns Manville Corporation:  www.jm.com.
3. Owens Corning Corp:  www.owenscorning.com.
4. CertainTeed Corporation:  www.certainteed.com.

B. Insulation:  ASTM C553; flexible, noncombustible blanket.
1. 'K' value:  0.36 at 75 degrees F, when tested in accordance with ASTM C518.
2. Maximum Service Temperature:  450 degrees F.
3. Maximum Water Vapor Sorption:  5.0 percent by weight.

C. Vapor Barrier Jacket:
1. Moisture Vapor Permeability:  0.02 perm inch, when tested in accordance with ASTM

E96/E96M.
2. Secure with pressure sensitive tape.

D. Vapor Barrier Tape:
1. Kraft paper reinforced with glass fiber yarn and bonded to aluminized film, with pressure

sensitive rubber based adhesive.
E. Tie Wire:  Annealed steel, 16 gage.

2.03 GLASS FIBER, RIGID
A. Manufacturer:

1. Knauf Insulation:  www.knaufusa.com.
2. Johns Manville Corporation:  www.jm.com.
3. Owens Corning Corp:  www.owenscorning.com.
4. CertainTeed Corporation:  www.certainteed.com.

B. Insulation:  ASTM C612; rigid, noncombustible blanket.
1. 'K' value:  0.24 at 75 degrees F, when tested in accordance with ASTM C518.
2. Maximum service temperature:  450 degrees F.
3. Maximum Water Vapor Sorption:  5.0 percent.
4. Maximum Density:  8.0 lb/cu ft.

C. Vapor Barrier Jacket:
1. Moisture Vapor Permeability:  0.02 perm inch, when tested in accordance with ASTM

E96/E96M.

https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=ASTM%20E96/E96M
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=ASTM%20E96/E96M
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=ASTM%20E96/E96M
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=ASTM%20E96/E96M
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=ASTM%20E96/E96M
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=ASTM%20E96/E96M
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=ASTM%20E96/E96M
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=ASTM%20E96/E96M
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=ASTM%20E96/E96M
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=ASTM%20E96/E96M
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=ASTM%20E96/E96M
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=ASTM%20E96/E96M
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=ASTM%20E96/E96M
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=ASTM%20E96/E96M
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=ASTM%20E96/E96M
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=ASTM%20E96/E96M
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=ASTM%20E96/E96M
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=ASTM%20E96/E96M
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=ASTM%20E96/E96M
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=ASTM%20E96/E96M


MC4501000001  Autopsy HVAC Replacement
October 6, 2017  Wilmington, Delaware

StudioJAED Architects & Engineers
Project No. 14064

DUCT INSULATION
23 07 13 - 3

2. Secure with pressure sensitive tape.
D. Vapor Barrier Tape:

1. Kraft paper reinforced with glass fiber yarn and bonded to aluminized film, with pressure
sensitive rubber based adhesive.

E. Indoor Vapor Barrier Finish:
1. Cloth:  Untreated; 9 oz/sq yd weight, glass fabric.
2. Vinyl emulsion type acrylic, compatible with insulation, black color.

2.04 JACKETS
A. Aluminum Jacket: ASTM B209 (ASTM B209M).

1. Thickness:  0.016 inch sheet.
2. Finish:  Smooth.
3. Joining:  Longitudinal slip joints and 2 inch laps.
4. Fittings:  0.016 inch thick die shaped fitting covers with factory attached protective liner.
5. Metal Jacket Bands:  3/8 inch wide; 0.015 inch thick aluminum.
6. Metal Jacket Bands:  3/8 inch wide; 0.010 inch thick stainless steel.

2.05 FABRICATED FOUR-PIECE EXTERIOR INSULATION SYSTEM
A. Material:  Insulation material applied shall be a glass reinforced polyisocyanurate foam

insulation encasedin 1.25 mil aluminum foil.
B. Thickness:  Insulation material shall be composed of a laminated 1½” and ½”polyisocyanurate

sheets totaling a finish of 2” thick; a minimum of ½” thickness required to cover duct supports
and connection flanges
1. System R-14 to R-16 required

C. Weather Barrier:  Weather barrier shall be fabricated of mill finished embossed aluminum
sheeting, 0.032” in thickness. Exposed seams to be covered with 1” butyl and a 3” embossed
aluminum beaded bands, secured with #10 self-tapping, stainless screws with weather seal
washers.

D. Vapor Barrier:  For purposes of sealing longitudinal and circumferential joints from vapor
migration, a non-setting vapor barrier bedding compound joint sealant similar to Childers CP-70
shall be utilized.

E. Caulking Compound:  At weather barrier abutment locations, an industrial grade RTV silicone
caulk shall be utilized, where applicable.

F. Putty/Butyl Caulk:    Seams exposed to the weather shall be covered and sealed with a 1” wide
by 1/8” thick butyl compound.

G. Screws:  All screws utilized to fasten panel system together shall be #10 x
H. A.  All screws utilized to fasten panel system together shall be #10 x  1/2” self-tapping, stainless

steel, weather seal washer screws
I. Contact Cement:  Contact cement or 2-sided adhesive tape shall be utilized for laminating

insulation material to the weather barrier sheeting.
J. Tape:   Foil tape used for sealing the insulation edges shall be a minimum thickness of 1.25 mil.

PART 3  EXECUTION
3.01 EXAMINATION

A. Verify that ducts have been tested before applying insulation materials.
B. Verify that surfaces are clean, foreign material removed, and dry.

3.02 INSTALLATION
A. Install in accordance with manufacturer's instructions.
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B. Install in accordance with NAIMA National Insulation Standards.
C. Insulated ducts conveying air below ambient temperature:

1. Provide insulation with vapor barrier jackets.
2. Finish with tape and vapor barrier jacket.
3. Continue insulation through walls, sleeves, hangers, and other duct penetrations.
4. Insulate entire system including fittings, joints, flanges, fire dampers, flexible connections,

and expansion joints.
D. Insulated ducts conveying air above ambient temperature:

1. Provide with or without standard vapor barrier jacket.
2. Insulate fittings and joints.  Where service access is required, bevel and seal ends of

insulation.
E. Exterior Applications:  Provide insulation with vapor barrier jacket.  Cover with TechnaDuc

system and TechnaCap system or approved equal exterior insulation system..
F. External Duct Insulation Application:

1. Secure insulation with vapor barrier with wires and seal jacket joints with vapor barrier
adhesive or tape to match jacket.

2. Secure insulation without vapor barrier with staples, tape, or wires.
3. Install without sag on underside of duct.  Use adhesive or mechanical fasteners where

necessary to prevent sagging.  Lift duct off trapeze hangers and insert spacers.
4. Seal vapor barrier penetrations by mechanical fasteners with vapor barrier adhesive.
5. Stop and point insulation around access doors and damper operators to allow operation

without disturbing wrapping.
3.03 SCHEDULES

A. INDOOR DUCT AND PLENUM APPLICATION SCHEDULE
1. NOTE: Apply duct lagging where indicated on drawings.
2. Service:  Round, supply-air ducts, concealed.

a. Material:  Mineral-fiber blanket.
b. Thickness:  2 inches, R-6 minimum.
c. Jacket:  Foil and paper.
d. Vapor Retarder Required:  Yes.

3. Service:  Round, return-air ducts, concealed.
a. Material:  Mineral-fiber blanket.
b. Thickness:  2 inches, R-6 minimum.
c. Jacket:  Foil and paper.
d. Vapor Retarder Required:  No.

4. Service:  Round, outside-air ducts, concealed.
a. Material:  Mineral-fiber blanket
b. Thickness:  2 inches, R-6 minimum.
c. Jacket:  Foil and paper.
d. Vapor Retarder Required:  Yes.

5. Service:  Rectangular, supply-air ducts, concealed.
a. Material:  Mineral-fiber blanket
b. Thickness:  2 inches, R-6 minimum.
c. Jacket:  Foil and paper.
d. Vapor Retarder Required:  Yes.

6. Service:  Rectangular, return-air ducts, concealed.
a. Material:  Mineral-fiber blanket
b. Thickness:  2 inches, R-6 minimum.
c. Jacket:  Foil and paper.
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d. Vapor Retarder Required:  No.
7. Service:  Rectangular, outside-air ducts, concealed.

a. Material:  Mineral-fiber blanket
b. Thickness:  2 inches, R-6 minimum.
c. Jacket:  Foil and paper.
d. Vapor Retarder Required:  Yes.

8. Service:  Round, supply-air ducts, exposed.
a. Material:  Mineral-fiber blanket
b. Thickness:  2 inches, R-6 minimum.
c. Jacket:  Spiral-wound, double-wall, insulated, steel, paintable.
d. Vapor Retarder Required:  Yes.

9. Service:  Round, return-air ducts, exposed.
a. Material:  Mineral-fiber board.
b. Thickness:  2 inches, R-6 minimum.
c. Jacket:  Spiral-wound, double-wall, insulated, steel, paintable.
d. Vapor Retarder Required:  No.

10. Service:  Round, outside-air ducts, exposed.
a. Material:  Mineral-fiber board.
b. Thickness:  2 inches, R-6 minimum.
c. Jacket:  Spiral-wound, double-wall, insulated, steel, paintable.
d. Vapor Retarder Required:  Yes.

11. Service:  Rectangular, supply-air ducts, exposed.
a. Material:  Mineral-fiber board.
b. Thickness:  2 inches, R-6 minimum.
c. Jacket:  Aluminum, painted to architects specifications.
d. Vapor Retarder Required:  Yes.

12. Service:  Rectangular, return-air ducts, exposed.
a. Material:  Mineral-fiber board.
b. Thickness:  2 inches, R-6 minimum.
c. Jacket:  Aluminum, painted to architects specifications
d. Vapor Retarder Required:  No.

13. Service:  Rectangular, outside-air ducts, exposed.
a. Material:  Mineral-fiber board.
b. Thickness: 2 inches, R-6 minimum.
c. Jacket:  Aluminum, painted to architects specifications.
d. Vapor Retarder Required:  Yes.

B. OUTDOOR DUCT AND PLENUM APPLICATION SCHEDULE
1. Service:  Rectangular, supply-air and return-air ducts.

a. TechnaDuc, or previously approved equal, 3" thick modular overlapping 4-panel
insulation system with Techna-Cap top.

END OF SECTION
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SECTION 23 09 50
BUILDING AUTOMATION SYSTEM (BAS) GENERAL

PART 1 - GENERAL
NOTE:  THE FULLY INTEGRATED BUILDING AUTOMATION SYSTEM FOR THIS PROJECT
WILL BE BID AS ALTERNATE #1.  BASE BID FOR THE CONTRACT WORK WILL BE LIMITED
TO STAND-ALONE CONTROLS, INCLUDING A PROGRAMMABLE CONTROLLER AND
THERMOSTAT FOR THE MAKEUP AIR UNIT AND INTERLOCK / RELAY CONTROL FOR THE
LABORATORY EXHAUST FAN.

1.01 SECTION INCLUDES
A. General Requirements
B. Description of Work
C. Quality Assurance
D. System Architecture
E. Distributed Processing Units/Quantity and Location
F. Demolition and Reuse of Existing Materials and Equipment
G. Sequence of Work

1.02 RELATED DOCUMENTS
A. Section 23 09 69 - Variable Frequency Controllers
B. Section 23 09 51 - Building Automation System (BAS) Basic Materials, Interface Devices, and

Sensors
C. Section 23 09 53 - BAS Field Panels
D. Section 23 09 54 - BAS Communication Devices
E. Section 23 09 55 - BAS Software and Programming
F. Section 23 09 58 - Sequences of Operation
G. Section 23 09 59 - BAS Commissioning

1.03 DESCRIPTION OF WORK (ALTERNATE #1)
A. The building automation system (BAS) defined in this specification shall interface with the

Delaware's State Network, and shall utilize the BACnet communication requirements as defined
by ASHRAE/ANSI 135 (current version and addendum) for all communication.

B. Contractor shall furnish and install a building automation system (BAS). The new BAS shall
utilize electronic sensing, microprocessor-based digital control, and electronic actuation of
dampers and valves to perform control sequences and functions specified. The BAS for this
project will generally consist of monitoring and control of systems listed below. Reference also
control drawings, sequences of operation, and points lists.

C. The systems to be controlled under work of this section basically comprise the newly installed
units, with capabitliy to expand the system for future equipment.

1.04 APPLICATION OF OPEN PROTOCOLS
A. Subject to the detailed requirements provided throughout the specifications, the BAS and digital

control and communications components installed, as work of this contract shall be an
integrated distributed processing system utilizing BACnet. System components shall
communicate using true BacNET in accordance with ASHRAE Standard 135 and current
addenda and annexes, including all workstations, all building controllers, and all application
specific controllers. Gateways to other communication protocols are not acceptable
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1.05 QUALITY ASSURANCE
A. Product Line Demonstrated History: The product line being proposed for the project must have

an installed history of demonstrated satisfactory operation for a length of 2 years since date of
final completion in at least 10 installations of comparative size and complexity. Submittals shall
document this requirement with references.  The following requirement relates to the actual
installing contractor.

B. Installer's Qualifications: Firms specializing and experienced in control system installations for
not less than 5 years. Firms with experience in BAS installation projects with point counts equal
to this project and systems of the same character as this project. If installer is a Value Added
Reseller (VAR) of a manufacturer's product, installer must demonstrate at least three years
prior experience with that manufacturer's products. Experience starts with awarded Final
Completion of previous projects. Submittals must document this experience with references.

C. Installer's Experience with Proposed Product Line: Firms shall have specialized in and be
experienced with the installation of the proposed product line for not less than one year from
date of final completion on at least 3 projects of similar size and complexity. Submittals shall
document this experience with references.

D. Installer's Field Coordinator and Sequence Programmer Qualifications: Individual(s) shall
specialize in and be experienced with control system installation for not less than 5 years.
Proposed field coordinator shall have experience with the installation of the proposed product
line for not less than 2 projects of similar size and complexity. Installer shall submit the names
of the proposed individual and at least one alternate for each duty. Submittals shall document
this experience with references. The proposed individuals must show proof of the following
training:
1. Product Line Training: Individuals overseeing the installation and configuration of the

proposed product line must provide evidence of the most advanced training offered by the
Manufacturer on that product line for installation and configuration

2. Programming Training: Individuals involved with programming the site-specific sequences
shall provide evidence of the most advanced programming training offered by the vendor
of the programming application offered by the Manufacturer.

E. Installer's Service Qualifications: The installer must be experienced in control system operation,
maintenance and service. Installer must document a minimum 5 year history of servicing
installations of similar size and complexity. Installer must also document at least a one year
history of servicing the proposed product line.

F. Installer's Response Time and Proximity
1. Installer must maintain a fully capable service facility within a 45 mile radius of the project

site. Service facility shall manage the emergency service dispatches and maintain the
inventory of spare parts.

2. Emergency response times are listed below in this section. Installer must demonstrate the
ability to meet the response times.

1.06 CODES AND STANDARDS
A. American Society of Heating, Refrigeration and Air Conditioning Engineers (ASHRAE)

1. ASHRAE 135: BACnet - A Data Communication Protocol for Building Automation and
Control Networks. American Society of Heating, Refrigerating and Air-Conditioning
Engineers, Inc. current edition including all related addenda shall apply.

B. Electronics Industries Alliance
1. EIA-709.1-A-99: Control Network Protocol Specification
2. EIA-709.3-99: Free-Topology Twisted-Pair Channel Specification
3. EIA-232: Interface between Data Terminal Equipment and Data Circuit-Terminating

Equipment Employing Serial Binary Data Interchange.
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4. EIA-458: Standard Optical Fiber Material Classes and Preferred Sizes
5. EIA-485: Standard for Electrical Characteristics of Generator and Receivers for use in

Balanced Digital Multipoint Systems.
6. EIA-472: General and Sectional Specifications for Fiber Optic Cable
7. EIA-475: Generic and Sectional Specifications for Fiber Optic Connectors and all Sectional

Specifications
8. EIA-573: Generic and Sectional Specifications for Field Portable Polishing Device for

Preparation Optical Fiber and all Sectional Specifications
9. EIA-590: Standard for Physical Location and Protection of Below-Ground Fiber Optic

Cable Plant and all Sectional Specifications
C. Underwriters Laboratories

1. UL 916: Energy Management Systems.  The following rating is required only for devices
used for smoke control purposes. If these are not intended, delete.

2. UUKL 864: UL Supervised Smoke Control
D. NEMA Compliance

1. NEMA 250: Enclosure for Electrical Equipment
2. NEMA ICS 1: General Standards for Industrial Controls.

E. NFPA Compliance
1. NFPA 90A "Standard for the Installation of Air Conditioning and Ventilating Systems"

where applicable to controls and control sequences.
2. NFPA 70 National Electrical Code (NEC)

F. Institute of Electrical and Electronics Engineers (IEEE)
1. IEEE 142: Recommended Practice for Grounding of Industrial and Commercial Power

Systems
2. IEEE 802.3: CSMA/CD (Ethernet - Based) LAN
3. IEEE 802.4: Token Bus Working Group (ARCNET - Based) LAN

1.07 DEFINITIONS
A. Advanced Application Controller (AAC): A device with limited resources relative to the Building

Controller (BC). It may support a level of programming and may also be intended for application
specific applications.

B. Application Protocol Data Unit (APDU): A unit of data specified in an application protocol and
consisting of application protocol control information and possible application user data (ISO
9545).

C. Application Specific Controller (ASC): A device with limited resources relative to the Advanced
Application Controller (AAC). It may support a level of programming and may also be intended
for application-specific applications..

D. BACnet/BACnet Standard: BACnet communication requirements as defined by ASHRAE/ANSI
135 (Current edition and addendum).

E. BACnet Interoperability Building Blocks (BIBB): A BIBB defines a small portion of BACnet
functionality that is needed to perform a particular task. BIBBS are combined to build the
BACnet functional requirements for a device in a specification.

F. Binding: In the general sense, binding refers to the associations or mappings of the sources
network variable and their intended opr required destinations.

G. Building Automation System (BAS): The entire integrated management and control system
H. Building Controller (BC): A fully programmable device capable of carrying out a number of tasks

including control and monitoring via direct digital control (DDC) of specific systems, acting as a
communications router between the controlled devices / equipment and the CSS, and
temporary data storage for trend information, time schedules, and alarm data.
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I. Change of Value (COV): An event that occurs when a measured or calculated analog value
changes by a predefined amount (ASHRAE/ANSI 135 (current version and addendum)).

J. Client: A device that is the requestor of services from a server. A client device makes requests
of and receives responses from a server device.

K. Continuous Monitoring: A sampling and recording of a variable based on time or change of state
(e.g. trending an analog value, monitoring a binary change of state).

L. Controller or Control Unit (CU): Intelligent stand-alone control device. Controller is a generic
reference and shall include BCs, AACs, and ASCs as appropriate.

M. Control Systems Server (CSS): A server class computer(s) that maintains the systems
configuration and programming database. This server is located at the State of Delaware's data
center in a virtual environment and serves as an access point to BAS.

N. Controlling LAN: High speed, peer-to-peer controller LAN connecting BCs, AACs and ASCs.
Refer to System Architecture below.

O. Direct Digital Control (DDC): Microprocessor-based control including Analog/Digital conversion
and program logic

P. Functional Profile: A collection of variables required to define a the key parameters for a
standard application. As this applies to the HVAC industry, this would include applications like
VAV terminal, fan coil units, and the like.

Q. Gateway (GTWY): A device, which contains two or more dissimilar networks/protocols,
permitting information exchange between them.

R. Hand Held Device (HHD): Manufacturer's microprocessor based device for direct connection to
a Controller.

S. LAN Interface Device (LANID): Device or function used to facilitate communication and sharing
of data throughout the BAS

T. Local Area Network (LAN): General term for a network segment within the architecture. Various
types and functions of LANs are defined herein.

U. Local Supervisory LAN: Also known as the State's Network: Ethernet-based network connecting
Primary Controlling LANs with each other and OWSs and CSSs. See System Architecture
below.

V. Master-Slave/Token Passing (MS/TP): Data link protocol as defined by the BACnet standard.
W. Open Database Connectivity (ODBC): An open standard application-programming interface

(API) for accessing a database developed. ODBC compliant systems make it possible to
access any data from any application, regardless of which database management system
(DBMS) is handling the data.

X. Operator Interface (OI): A device used by the operator to manage the BAS including OWSs,
POTs, and HHDs.

Y. Operator Workstation (OWS): The user's interface with the BAS system. As the BAS network
devices are stand-alone, dedicated OWS is not required for communications to occur. The
OWS can be any computer on the State's Network that has a compatible Web browser.

Z. Point-to-Point (PTP): Serial communication as defined in the BACnet standard.
AA. Portable Operators Terminal (POT): Mobile computer used both for direct connection to a

controller as well as network connection.
AB. Protocol Implementation Conformance Statement (PICS): A written document, created by the

manufacturer of a device, which identifies the particular options specified by BACnet that are
implemented in the device (ASHRAE/ANSI 135 (current version and addendum)).
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AC. Router: A device that connects two or more networks at the network layer.
AD. Secondary Controlling LAN: LAN connecting AACs and ASCs, generally lower speed and less

reliable than the Controlling LAN. Refer to System Architecture below.
AE. Server: A device that is a provider of services to a client. A client device makes requests of and

receives responses from a server device.
AF. Standardized Query Language (SQL): A database computer language designed for managing

data in relational database management system (RDBMS). Its scope includes data insert,
query, update and delete, schema creation and modification, and data access control.

AG. Smart Device: A control I/O device such as a sensor or actuator that can directly communicate
with a controller through the network. This differs from an ASC in that it typically deals only with
one variable.

AH. Extensible Markup Language (XML): A specification developed by the World Wide Web
Consortium. XML is a pared-down version of SGML, designed especially for Web documents. It
is a set of rules for encoding documents in machine-readable form that allows designers to
create their own customized tags, enabling the definition, transmission, validation, and
interpretation of data between applications and between organizations.

1.08 FUNCTIONAL INTENT
A. Throughout Sections 23 09 50 through 23 09 55, the Sequences of Operation, and Section 23

09 59 detailed requirements are specified, some of which indicate a means, method or
configuration acceptable to meet that requirement. Contractor may submit products that utilize
alternate means, methods, and configurations that meet the functional intent. However these
will only be allowed with prior approval.

1.09 SUBMITTALS
A. Submit under provisions of Section 01 30 00.
B. Electronic Submittals: While all requirements for hard copy submittal apply, control submittals

and O&M information shall also be provided in electronic format as follows.
1. Drawings and Diagrams: Shop drawings shall be provided on electronic media as an

AutoCAD (current version) and/or Adobe Portable Document Format file. All 'X reference'
and font files must be provided with AutoCAD files.

2. Other Submittals: All other submittals shall be provided in Adobe Portable Document
Format (PDF).

C. Qualifications: Manufacturer, Installer, and Key personnel qualifications as indicated for the
appropriate item above.

D. Product Data: Submit manufacturer's technical product data for each control device, panel, and
accessory furnished, indicating dimensions, capacities, performance and electrical
characteristics, and material finishes. Also include installation and start-up instructions.

E. Shop Drawings: Submit shop drawings for each control system, including a complete drawing
for each air handling unit, system, pump, device, etc. with all point descriptors, addresses and
point names indicated. Each shop drawing shall contain the following information:
1. System Architecture and System Layout:

a. One-line diagram indicating schematic locations of all control units, workstations, LAN
interface devices, gateways, etc. Indicate network number, device ID,, instance
number, MAC address, drawing reference number, and controller type for each
control unit. Indicate media, protocol, baud rate, and type of each LAN. Indicate
media, protocol, baud rate, and type of each LAN. All optical isolators, repeaters,
end-of-line resistors, junctions, ground locations etc. shall be located on the diagram.

b. Provide electronic floor plans locating all control units, workstations, LAN interface
devices, gateways, etc. Include all network communication wiring routing, power
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wiring, power originating sources, and low voltage power wiring. Indicate network
number, device ID, instance number, MAC address, drawing reference number, and
controller type for each control unit. Indicate media, protocol, baud rate, and type of
each LAN. All optical isolators, repeaters, end-of-line resistors, junctions, ground
locations etc. shall be located on the floor plans. Wiring routing as-built conditions
shall be maintained accurately throughout the construction period and the drawing
shall be updated to accurately reflect accurate, actual installed conditions.

2. Schematic flow diagram of each air and water system showing fans, coils, dampers,
valves, pumps, heat exchange equipment and control devices. Include verbal description
of sequence of operation.

3. All physical points on the schematic flow diagram shall be indicated with names,
descriptors, and point addresses identified as listed in the point summary table.

4. With each schematic, provide a point summary table listing building number and
abbreviation, system type, equipment type, full point name, point description, Ethernet
backbone network number, network number, device ID, object ID (object type, instance
number). See Section 23 09 55 - Part III for additional requirements.

5. Label each control device with setting or adjustable range of control.
6. Label each input and output with the appropriate range.
7. Provide a Bill of Materials with each schematic. Indicate device identification to match

schematic and actual field labeling, quantity, actual product ordering number,
manufacturer, description, size, voltage range, pressure range, temperature range, etc. as
applicable.

8. With each schematic, provide valve and actuator information including size, Cv, design
flow, design pressure drop, manufacturer, model number, close off rating, etc. Indicate
normal positions of spring return valves and dampers.

9. Indicate all required electrical wiring. Electrical wiring diagrams shall include both ladder
logic type diagram for motor starter, control, and safety circuits and detailed digital
interface panel point termination diagrams with all wire numbers and terminal block
numbers identified. Provide panel termination drawings on separate drawings. Ladder
diagrams shall appear on system schematic. Clearly differentiate between portions of
wiring, which are existing, factory-installed and portions to be field-installed.

10. Details of control panels, including controls, instruments, and labeling shown in plan or
elevation indicating the installed locations.

11. Sheets shall be consecutively numbered.
12. Each sheet shall have a title indicating the type of information included and the HVAC

system controlled.
13. Table of Contents listing sheet titles and sheet numbers.
14. Legend and list of abbreviations.
15. Memory allocation projections.
16. Submit along with shop drawings but under separate cover calculated and guaranteed

system response times of the most heavily loaded LAN in the system.
F. Open Protocol Information

1. BACnet Systems:
a. BACnet object description, object ID, and device ID, for each I/O point.
b. Documentation for any non-standard BACnet objects, properties, or enumerations

used detailing their structure, data types, and any associated lists of enumerated
values.

c. Submit PICS indicating the BACnet functionality and configuration of each controller.
G. Framed Control Drawings: Laminated control drawings including system control schematics,

sequences of operation and panel termination drawings, shall be provided in panels for major
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pieces of equipment. Terminal unit drawings shall be located in the central plant equipment
panel or mechanical room panel.

H. Control Logic Documentation
1. Submit control logic program listings (for graphical programming) and logic flow charts (for

line type programs) to document the control software of all control units.
2. Control logic shall be annotated to describe how it accomplishes the sequence of

operation. Annotations shall be sufficient to allow an operator to relate each program
component (block or line) to corresponding portions of the specified Sequence of
Operation.

3. Include written description of each control sequence.
4. Include control response, settings, setpoints, throttling ranges, gains, reset schedules,

adjustable parameters and limits.
5. Sheets shall be consecutively numbered.
6. Each sheet shall have a title indicating the controller designations and the HVAC system

controlled.
7. Include Table of Contents listing sheet titles and sheet numbers
8. Submit one complete set of programming and operating manuals for all digital controllers

concurrently with control logic documentation. This set will count toward the required
number of Operation and Maintenance materials specified below and in Section 01 30 00.

I. Operation and Maintenance Materials:
1. Submit documents under provisions of Section 01 03 00. One copy of the materials shall

be delivered directly to the State facilities operation staff, in addition to the copies required
by other Sections.

2. Submit maintenance instructions and spare parts lists for each type of control device,
control unit, and accessory.

3. Submit BAS User's Guides (Operating Manuals) for each controller type.
4. Submit BAS advanced Programming Manuals for each controller type.
5. Include all submittals (product data, shop drawings, control logic documentation, hardware

manuals, software manuals, installation guides or manuals, maintenance instructions and
spare parts lists) in maintenance manual; in accordance with requirements of Division 1.

J. Controls contractor shall provide the State with all product line technical manuals and technical
bulletins, to include new and upgraded products, by the same distribution channel as to dealers
or branches. This service will be provided for 5 years as part of the contract price, and will be
offered to the State thereafter for the same price as to a dealer or branch.

K. Manufacturers Certificates: For all listed and/or labeled products, provide certificate of
conformance.

L. Product Warranty Certificates: submit manufacturers product warranty certificates covering the
hardware provided.

1.10 PROJECT RECORD DOCUMENTS
A. Submit documents under provisions of Section 01 30 00.
B. Record copies of product data and control shop drawings updated to reflect the final installed

condition.
C. Record copies of approved control logic programming and database on paper and on CD's.

Accurately record actual setpoints and settings of controls, final sequence of operation,
including changes to programs made after submission and approval of shop drawings and
including changes to programs made during specified testing.

D. Record copies of approved project specific graphic software on CDs.
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E. Record copies shall include individual floor plans with controller locations with all interconnecting
wiring routing including space sensors, LAN wiring, power wiring, low voltage power wiring.
Indicate device instance, MAC address and drawing reference number.

F. Provide record riser diagram showing the location of all controllers.
G. Maintain project record documents throughout the warranty period and submit final documents

at the end of the warranty period
1.11 SYSTEM ARCHITECTURE

A. The system provided shall incorporate hardware resources sufficient to meet the functional
requirements of these Specifications. The Contractor shall include all items not specifically
itemized in these Specifications that are necessary to implement, maintain, and operate the
system in compliance with the functional intent of these Specifications.

B. The system shall be configured as a distributed processing network(s) capable of expansion as
specified below.

C. The system architecture shall consist of the Ethernet-based State Network, and Controlling
LANs that support BCs, AACs, ASCs, Operator Workstations (OWS), Smart Devices (SD), and
Remote Communication Devices (RCDs) as applicable. The following indicates a functional
description of the BAS structure.
1. State Network: Internet-based network connecting multiple facilities with a central data and

application server, accessible via standard web-browser. This is an existing infrastructure
and contractor is not required to configure any components of this network. Refer to
Section 23 09 54 for requirements. This contractor shall integrate the controlling devices
and the CCS together.

2. Local Supervisory LAN: The Local Supervisory LAN shall be an Ethernet-based, 100 Mbps
LAN connecting Primary Control LANs and OWSs. The LAN serves as the inter-BC
gateway and OWS-to-BC gateway and communications path. Contractor shall provide this
as a dedicated LAN for the control system. LAN shall be IEEE 802.3 Ethernet over Fiber or
Category 5 cable with switches and routers that support 100 Mbps throughput. Power-line
carrier communication shall not be acceptable for communications. The physical media will
be that installed for the IT infrastructure of the facility and as such network drops will be
provided under that scope of work to facilitate work of this scope. This network will be 100
Mbps and therefore all network interface cards shall support that speed. The higher level
layers of this network shall be BACnet as described below:
a. BACnet Supervisory LAN: Shall be BACnet/IP as defined in the BACnet standard, and

shall share a common network number for the Ethernet backbone, as defined in the
BACnet standard. Point/Object naming conventions are specified in 23 09 55 - Part III.

3. Controlling LAN: High-speed, peer-to-peer communicating LAN used to connect AACs,
ASCs and Building Controllers (BCs) and communicate exclusively control information.
Acceptable technologies include:
a. Ethernet (IEEE802.3)
b. ARCNET (IEEE802.4)
c. Communication to/from building controller (BC) and the control system server (CSS)

shall utilize standard TCP/IP, BACnet/IP ports (80and/or 47808)
4. Secondary Controlling LAN: Network used to connect AACs, ASCs or SDs. These can be

Master Slave/ Token Passing or polling, in addition to those allowed for Primary Controller
LANs. Network speed vs. the number of controllers on the LAN shall be dictated by the
response time and trending requirements.

D. Dynamic Data Access: Any data throughout any level of the network shall be available to and
accessible by all other devices, Controllers and OWS, whether directly connected or connected
remotely.
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E. Remote Data Access: The system shall support the following methods of remote access to the
building data.
1. Browser-based access: A remote user using a standard browser shall be able to access all

control system facilities and graphics with proper authentication. The State shall maintain
continuous network connection. The following paradigms are acceptable for
browser-based access:
a. Native Internet-based user interface (HTML, Java, XML, etc.) via a standard freely

distributed web browser that does not require a Windows client software installation.
F. The communication speed between the controllers, LAN interface devices, and operator

interface devices shall be sufficient to ensure fast system response time under any loading
condition. Contractor shall submit guaranteed response times with shop drawings including
calculations to support the guarantee. In no case shall delay times between an event, request,
or command initiation and its completion be greater than those listed herein. Contractor shall
recommend reconfiguring the LAN as necessary to accomplish these performance
requirements.:
1. 5 seconds between a Level 1 (critical) alarm occurrence and enunciation at operator

workstation.
2. 10 seconds between a Level 2 alarm occurrence and enunciation at operator workstation.
3. 20 seconds between and a Level 3-5 alarm occurrence and enunciation at operator

workstation.
4. 10 seconds between an operator command via the operator interface to change a setpoint

and the subsequent change in the controller.
5. 5 seconds between an operator command via the operator interface to start/stop a device

and the subsequent command to be received at the controller.
6. 10 seconds between a change of value or state of an input and it being updated on the

operator interface.
7. 10 seconds between an operator selection of a graphic and it completely painting the

screen and updating at least 10 points.
G. Control Systems Server (CSS): A server class computer(s) that maintains the systems

configuration and programming database. This server is located at the State of Delaware's data
center in a virtual environment and serves as an access point to BAS. It shall hold the backup
files of the information downloaded into the individual controllers and as such support uploading
and downloading that information directly to/from the controllers. It shall also act as a control
information server to non-control system based programs. It shall allow secure multiple-access
to the control information. Refer to Section 23 09 52 - BAS Operator Interfaces for its
requirements.

H. The Operator Interface shall provide for overall system supervision, graphical user interface,
management report generation, alarm annunciation, and remote monitoring. Refer to Section 23
09 52 - BAS Operator Interfaces.

I. The BCs, AACs, ASCs, [and SDs] shall monitor, control, and provide the field interface for all
points specified. Each BC, AAC, or ASC shall be capable of performing all specified energy
management functions, and all DDC functions, independent of other BCs, AACs, or ASCs and
operator interface devices as more fully specified in Section 23 09 53 - BAS Field Panels.

J. Systems Configuration Database: The system architecture shall support maintaining the
systems configuration database on the CSS. User tools provided to the State shall allow
configuring, updating, maintaining, etc. current configurations and settings whether they are
initiated at the server or the end device.
1. Database Schema shall be published and provided to the State to facilitate easy access to

the data.
2. Database shall be ODBC compliant.
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K. Interruptions or fault at any point on any Primary Controller LAN shall not interrupt
communications between other nodes on the network. If a LAN is severed, two separate
networks shall be formed and communications within each network shall continue uninterrupted.

L. All line drivers, signal boosters, and signal conditioners etc. shall be provided as necessary for
proper data communication.

M. Anytime any controller's database or program is changed in the field, the controller shall be
capable of automatically uploading the new data to the CSS.

1.12 WARRANTY MAINTENANCE
A. Contractor shall warrant all products and labor for a period of (2) two years after Substantial

Completion.
B. The State reserves the right to make changes to the BAS during the warranty period. Such

changes do not constitute a waiver of warranty. The Contractor shall warrant parts and
installation work regardless of any such changes made by the State, unless the Contractor
provides clear and convincing evidence that a specific problem is the result of such changes to
the BAS.

C. At no cost to the State, during the warranty period, the Contractor shall provide maintenance
services for software and hardware components as specified below:
1. Maintenance services shall be provided for all devices and hardware specified in sections

23 09 51 through 23 09 59. Service all equipment per the manufacturer's
recommendations. All devices shall be calibrated within the last month of the warranty
period.

2. Emergency Service: Any malfunction, failure, or defect in any hardware component or
failure of any control programming that would result in property damage or loss of comfort
control shall be corrected and repaired following notification by the State to the Contractor.
a. Response by telephone to any request for service shall be provided within two (2)

hours of the State's initial telephone request for service.
b. In the event that the malfunction, failure, or defect is not corrected through the

telephonic communication, at least one (1) hardware and software technician, trained
in the system to be serviced, shall be dispatched to the State's site within eight (8)
hours of the State's initial telephone request for such services, as specified.

3. Normal Service: Any malfunction, failure, or defect in any hardware component or failure of
any control programming that would not result in property damage or loss of comfort
control shall be corrected and repaired following telephonic notification by the State to the
Contractor.
a. Response by telephone to any request for service shall be provided within eight (8)

working hours (contractor specified 40 hr per week normal working period) of the
State's initial telephone request for service.

b. In the event that the malfunction, failure, or defect is not corrected through the
telephonic communication, at least one (1) hardware and software technician, trained
in the system to be serviced, shall be dispatched to the State's site within three (3)
working days of the State's initial telephone request for such services, as specified.

4. Telephonic Request for Service: Contractor shall specify a maximum of three telephone
numbers for The State to call in the event of a need for service. At least one of the lines
shall be attended at any given time at all times. Alternatively, pagers can be used for
technicians trained in system to be serviced. One of the three paged technicians shall
respond to every call within 15 minutes.

5. Technical Support: Contractor shall provide technical support by telephone throughout the
warranty period.

6. Preventive maintenance shall be provided throughout the warranty period in accordance
with the hardware component manufacturer's requirements.
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1.13 DELIVERY, STORAGE, AND HANDLING
A. Provide factory-shipping cartons for each piece of equipment and control device. Maintain

cartons during shipping, storage and handling as required to prevent equipment damage, and to
eliminate dirt and moisture from equipment. Store equipment and materials inside and protect
from weather.

1.14 LISTING AND LABELING
A. The BAS and components shall be listed by Underwriters Laboratories (UL 916) as an Energy

Management System.
PART 2 - PRODUCTS
2.01 MANUFACTURERS (PRE-APPROVED BY THE STATE)

A. Automated Logic by Radius Systems
B. BuildingLogix / Lynxspring / KMC Controls by Seiberlich Trane
C. Johnson Controls by Modern Controls
D. Substitutions:  Approved by the Owner and Engineer at least 10 days prior to bidding.

2.02 MATERIALS AND EQUIPMENT
A. Materials shall be new, the best of their respective kinds without imperfections or blemishes and

shall not be damaged in any way. Used equipment shall not used in any way for the permanent
installation except where drawings or specs specifically allow existing materials to remain in
place.

2.03 UNIFORMITY
A. To the extent practical, all equipment of the same type serving the same function shall be

identical and from the same manufacturer.
PART 3 - EXECUTION
3.01 INSPECTION

A. Examine areas and conditions under which control systems are to be installed. Do not proceed
with work until unsatisfactory conditions have been corrected in manner acceptable to Installer.

3.02 INSTALLATION OF CONTROL SYSTEMS
A. General: Install systems and materials in accordance with manufacturer's instructions,

roughing-in drawings and details shown on drawings.
B. Network Connectivity: The BAS contractor shall provide two network connections with Cat-6

cables from the Building Controller to the State's IT network.
1. The BAS contractor shall terminate one end of the two Cat-6 cables at or around the

State's patch panel and make connections to the State's switch with green patch cables,
following the instruction of the DFM's IT personnel.

2. The BAS contractor shall terminate the other end of the two Cat-6 cables near or within the
building controller cabinet with dual RJ-45 terminal box and make connection of one cable
to the building controller. Note: the second connection is for on-site operator interface
through a mobile computer. Exposed cable shall be protected by conduit or wire mold.

3. The BAS contractor shall label the two network connections BAC-1 and BAC-2 on both
ends.

C. Refer to additional requirements in other sections of this specification.
3.03 SURGE PROTECTION

A. The Contractor shall furnish and install any power supply surge protection, filters, etc. as
necessary for proper operation and protection of all BCs, AAC/ASCS operator interfaces,
printers, routers, gateways and other hardware and interface devices. All equipment shall be
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capable of handling voltage variations 10% above or below measured nominal value, with no
effect on hardware, software, communications, and data storage.

3.04 DEMOLITION AND REUSE OF EXISTING MATERIALS AND EQUIPMENT
A. Contractor shall assume that existing equipment that specifically is indicated to be reused is in

good condition and is operable. Contractor, during the course of work, shall inspect these
devices and determine if any devices are in need of replacement or repair. Contractor shall
prepare an itemized list of suggested repairs/replacement. This repair/replacement will be at the
discretion of the State and will be accomplished by expanding this contract.

B. Existing wire, conduit, and control panel cabinets may be reused at the State Project Engineer's
discretion, but only if such materials or equipment comply with the applicable specification for
new materials and equipment. Such materials shall not be reused if visibly damaged or
otherwise unsuitable for the intended service.

C. Where such materials are reused, the contractor's shop drawings shall reflect the existing wiring
designation. If existing labeling is illegible or otherwise does not comply with the applicable
specification for labeling, wiring runs shall be relabeled in accordance with the requirements
specified elsewhere.

D. Existing pneumatic tubing located between the existing BAS panels and the pneumatic
operators shall not be reused; however, conduit for such tubing may be reused. All other
pneumatic tubing may be reused, but only if such materials comply with the applicable
specification for new materials. Materials shall not be reused if visibly damaged or otherwise
unsuitable for the intended service. All pneumatic tubing to be reused shall be pressure tested
and all leaks shall be repaired. All reused pneumatic tubing shall be purged with dry air or
nitrogen.

E. The existing pneumatic main air supply system shall be modified as required and reused to
serve existing pneumatic controls that are to remain, and shall be extended as necessary to
serve new pneumatic controls. Where existing pneumatic controls are removed, main air piping
shall be removed back to the point of connection to the main air supply which remains in use,
and shall be capped or plugged.

F. Existing valves and dampers and their operators may be reused only when preapproved by the
State. Contractor shall lubricate all damper linkages of dampers being controlled under this
project.

G. Other materials and equipment not specifically mentioned herein may be reused only if
specifically allowed by indications on the drawings.

H. For HVAC systems which are indicated to receive a new BAS, all existing materials and
equipment associated with the existing pneumatic controls and EMCS shall be removed unless
otherwise specified or indicated to remain, or unless reused in accordance with the above
requirements, except for the following: 1) conduit and electrical boxes (but not wiring within
conduit) may remain in place if not reused (leave a pull line); 2) inaccessible pneumatic tubing
may remain in place if not reused. Existing materials and equipment to be removed shall be
removed subject to the requirements in paragraph “Sequence of Work”. For HVAC systems,
which are not to receive a new DDC BAS, the existing pneumatic control system shall remain
fully functional.

3.05 SEQUENCE OF WORK FOR EXISTING SYSTEMS CONVERSION
A. General: All work involving changeover of control functions from existing pneumatic control

system to the new DDC BAS shall be performed in accordance with the following sequence in
order to minimize the duration of equipment outages. The following descriptions are intended to
indicate the sequence in which the work shall be performed, not to define fully the scope of the
work.
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B. Install operator's terminal, peripherals, graphic software, and LAN prior to placing any
equipment under the control of the new BAS.

C. Work which requires shutting down a pump motor, fan motor, or chiller shall be considered a
utility shutdown and shall be subject to the restrictions specified in Section 01 10 00.

D. The following sequence applies to an individually controlled HVAC subsystem, such as an air
handling unit. Only one such system shall be placed under manual control (as described below)
at any given time.
1. Install controllers adjacent to (or within) existing control panel. Programming shall be

complete (except for loading and debugging) prior to installation. Install all field devices,
which do not require interruption of the existing control system.

2. Install all conduit, wiring, and pneumatic tubing which does not require interruption of the
existing control system.

3. Provide temporary variable pressure type hand pumps at each pneumatically controlled
output, for temporary use by The State's maintenance and operation contractor personnel.
Schedule this step at least 48 hours in advance with the Building Engineer.

4. Remove existing controls including wiring, conduit, and tubing (except materials to be
reused in accordance with provisions specified elsewhere) which must be removed to
facilitate installation of new BAS materials and equipment.

5. Remove existing digital control system points (if applicable). Install and calibrate remainder
of new BAS materials and equipment for this subsystem. Load controller software.
Connect controller(s) to LAN.

6. Perform all field testing and calibration that does not require connection of permanent
pneumatic outputs.

7. Remove temporary hand pumps and install permanent pneumatic output connections.
Place the system under the control of the new DDC/BAS equipment. Conclude field testing
and submit field testing report prior to placing the next subsystem under temporary manual
control. The State shall be given a password with a priority level that allows monitoring (but
not control until notification of substantial completion has been approved).

8. Remove remaining existing pneumatic and digital control system materials and equipment
(except materials to be reused in accordance with provisions specified elsewhere). All
existing digital controls equipment for those subsystems that have not yet been converted
shall remain intact, on-line, and fully functional.

9. Schedule work in The State's occupied spaces 3 days in advance with the State's
representative.

3.06 CONTROL POWER SOURCE AND SUPPLY
A. Section 23 09 50 Contractor shall extend all power source wiring required for operation of all

equipment and devices provided under Sections 23 09 50 through 23 09 55 and Sequences of
Operation.

B. General requirements for obtaining power include the following:
1. Obtain power from a source that feeds the equipment being controlled such that both the

control component and the equipment are powered from the same panel. Where
equipment is powered from a 460V source, obtain power from the electrically most
proximate 120v source fed from a common origin.

2. Where control equipment is located inside a new equipment enclosure, coordinate with the
equipment manufacturer and feed the control with the same source as the equipment. If
the equipment's control transformer is large enough and of the correct voltage to supply
the controls it may be used. If the equipment's control transformer is not large enough or of
the correct voltage to supply the controls provide separate transformer

3. Where a controller controls multiple systems on varying levels of power reliability (normal,
emergency, and/or interruptible), the controller shall be powered by the highest level of
reliability served. Furthermore, the controller in that condition shall monitor each power
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type served to determine so logic can assess whether a failure is due to a power loss and
respond appropriately. A three-phase monitor into a digital input shall suffice as power
monitoring.

4. Standalone Functionality: Refer to Section 23 09 53.
3.07 BAS STARTUP, COMMISSIONING AND TRAINNING

A. Refer to Section 23 09 59, section 23 08 00, and section 01 81 50.
3.08 SEQUENCE OF OPERATION

A. Refer to Section 23 09 58 - Sequences of Operation
END OF SECTION
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SECTION 23 09 58
SEQUENCE OF OPERATION

PART 1 - GENERAL
1.01 SECTION INCLUDES

A. Air Handling Units
B. Terminal Units
C. Exhaust Fans

1.02 RELATED DOCUMENTS:
A. Section 23 09 50 - Building Automation System (BAS) General
B. Section 23 09 51 - BAS Basic Materials, Interface Devices, and Sensors
C. Section 23 09 53 - BAS Field Panels
D. Section 23 09 54 - BAS Communications Devices
E. Section 23 09 55 - BAS Software
F. Section 23 09 59 - BAS Commissioning

1.03 SYSTEM DESCRIPTION
A. The systems to be controlled under work of this section basically comprise (describe the scope

of the project). The systems being controlled are (describe the configuration of and the type of
systems included in the project).

B. This Section defines the manner and method by which controls function.
1.04 SUBMITTALS

A. Refer to Section 23 09 50 and Division 1 for requirements for control shop drawings, product
data, User Manual, etc.

B. Programming Manual: Provide BAS system programming manual as well as documentation of
site-specific programming prior to the start of Acceptance Phase.

1.05 PROJECT RECORD DOCUMENTS
A. Within two weeks of the completion of commissioning, provide record documents to represent

the final control configuration with actual setpoints and tuning parameters as existed at
acceptance.

B. Record documents shall be modified control drawings with the actual installed information.
Drawings shall be delivered in both reproducible hard copy and electronic format in AutoCAD
(current version) drawing files. Provide all supporting files, blocks, fonts, etc. required by the
drawings.

C. Provide final points list as described above.
D. Provide final detailed wiring diagrams with all wire numbers and termination points indicated.
E. Accurately record final sequences and control logic made after submission of shop drawings.

PART 2 - PRODUCTS (NOT USED)
PART 3 - EXECUTION
3.01 GENERAL

A. Sequences specified herein indicate the functional intent of the systems operation and may not
fully detail every aspect of the programming that may be required to obtain the indicated
operation. Contractor shall provide all programming necessary to obtain the sequences/system
operation indicated.
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B. When an air handling unit is not in operation, control devices shall remain in their “off” positions.
“Off” positions may differ from the “normal” (meaning failed) position. Except as specified
otherwise, “off” and “normal” positions of control devices shall be as follows:
1. Device "Off Position" "Normal Position" Heating coil valves closed open Cooling coil valves

closed closed Outside air damper closed closed Return air damper open open
C. Exhaust/relief air damper closed closed Var. Freq. Drive off Min. speed
D. Except as specified otherwise, throttling ranges, proportional bands, and cycle differentials shall

be centered on the associated setpoint. All modulating feedback control loops shall include the
capability of having proportional, integral, and derivative action. Unless the loop is specified
“proportional only” or “P+I”, Contractor shall apply appropriate elements of integral and
derivative gain to each control loop which shall result in stable operation, minimum settling time,
and shall maintain the primary variable within the specified maximum allowable variance.

E. Scheduling Terminology: When air handlers are scheduled throughout the day, the following
defines the terminology used (Designer coordinate with The State regarding actual occupancy
schedules and initial setpoints):
1. OCCUPIED PERIOD:  PERIOD OF TIME WHEN THE BUILDING IS IN USE AND

OCCUPIED.  UNLESS INDICATED OTHERWISE, THIS PERIOD IS DEFINED AS 7:30
AM - 5:00 PM, USER ADJUSTABLE, WEEKDAYS AND X:XX AM TO 12:00PM (NOON)
SATURDAYS.  EXCLUDE ALL NATIONAL HOLIDAYS.  GENERALLY SYSTEMS WILL
BE FULLY OPERATIONAL THROUGHOUT THIS PERIOD AND VENTILATION AIR
SHALL BE CONTINUOUSLY INTRODUCED. SPACE TEMPERATURE SETPOINTS
WILL GENERALLY BE IN THE “NORMAL” RANGE OF 69-77°F.

2. Unoccupied period: Period of time when the building or zone is not in use and unoccupied.
Ventilation air shall not be introduced.

3. Preoccupancy Period: Time prior to the Occupied period when the systems are returning
the space temperatures from setback to “normal” or occupied setpoints (warm-up and
cool-down). Ventilation air shall not be introduced unless outside air conditions permit
free-cooling. Time period shall be determined by an optimum start strategy unless
otherwise specified.

4. Setback Period: Setback will typically coincide start with the end of the occupied period
and end with the start of the preoccupancy period, however it shall be provided with its own
schedule. Generally systems will be off except to maintain a “setback” temperature.
a. Where any sequence or occupancy schedule calls for more than one motorized unit

to start simultaneously, the BAS start commands shall be staggered by 5 second
(adj.) intervals to minimize inrush current.

F. Alarm messages specified throughout the sequences are assigned to discrete priority levels.
Priority levels dictate the handling and destination of alarm reports, and are defined in Section
23 09 55 - ATC System Software and Programming.

G. Wherever a value is indicated as adjustable (adj.), it shall be modifiable, with the proper
privilege level, from the operator interface or via a function block menu.  For these points, it is
unacceptable to have to modify programming statements to change the setpoint.

H. When a power failure is detected in any phase, the BAS start commands shall be retracted
immediately from all electrically powered units served by the failed power source. If the
associated primary control unit (PCU) is powered by normal or emergency power, it may
monitor its own power source as an indication of power status. If the PCU is powered by
uninterruptable power supply (UPS), or if PCU is not capable of monitoring its own power for
use in sequences, Contractor shall provide at least one voltage monitor (three phase when
applicable) per building. When the BAS detects that power has been restored, all equipment for
which the BAS start command had been retracted shall be automatically restarted on staggered
5 second intervals to minimize inrush current. When loss of equipment status coincides with a
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power failure, system shall not alarm individual equipment failures.  Instead, only a single Level
2 alarm shall be enunciated as follows:
1. BUILDING XXXX POWER FAILURE:  Notify electric shop.  Acknowledge alarm when

power is restored.
I. Where reset action is specified in a sequence of operation, but a reset schedule is not indicated

on the drawings, one of the following methods shall be employed:
1. Contractor shall determine a fixed reset schedule which shall result in stable operation and

shall maintain the primary variable within the specified maximum allowable variance.
2. A floating reset algorithm shall be used which increments the secondary variable setpoint

(setpoint of control loop being reset) on a periodic basis to maintain primary variable
setpoint. The recalculation time and reset increment shall be chosen to maintain the
primary variable within the specified maximum allowable variance.

3. Primary variable shall control the devices directly using a PID feedback control loop
without resetting the secondary variable. However, the control devices shall still modulate
as necessary to maintain upper and lower limits on the secondary variable.  Proportional
band, integral gain, and derivative term shall be selected to maintain the primary variable
within the specified maximum allowable tolerance while minimizing overshoot and settling
time. Contractor shall gain prior approval for implementing this method of reset.

J. Where a supply air temperature or duct pressure setpoint is specified to be reset by the space
temperature of the zones calling for the most cooling/heating, the following method shall be
employed:
1. A floating reset algorithm shall be used which increments the secondary variable (e.g.,

supply air temperature or duct pressure) setpoint on a periodic basis to maintain primary
variable (e.g. space temperature) setpoint. The reset increment shall be determined by the
quantity of “need heat” or “need cool” requests from individual SCU's.  A SCU's “need
heat” virtual point shall activate whenever the zone's space temperature falls below the
currently applicable (occupied or unoccupied) heating setpoint throttling range. A SCU's
“need cool” virtual point shall activate whenever the zone's space temperature rises above
the currently applicable (occupied, unoccupied, or economy) cooling setpoint throttling
range. The recalculation time and reset increment shall be chosen to maintain the primary
variable within the specified maximum allowable variance while minimizing overshoot and
settling time. Reset range maximum and minimum values shall limit the setpoint range.

K. Where “prove operation” of a device (generally controlled by a digital output) is indicated in the
sequence, it shall require that the BAS shall, after an adjustable time delay after the device is
commanded to operate (feedback delay) , confirm that the device is operational via the status
input. If the status point does not confirm operation after the time delay or anytime thereafter for
an adjustable time delay (debounce delay) while the device is commanded to run, an alarm
shall be enunciated audibly and via an alarm message at the operator interface and print at the
alarm printers. A descriptive message shall be attached to the alarm message indicating the
nature of the alarm and actions to be taken.  Contractor shall provide messages to meet this
intent.  [Upon failure of equipment with redundant backup, run command shall be removed from
equipment and the device shall be locked out until the alarm is manually acknowledged. Upon
failure of equipment without redundant backup, run command shall remain energized and the
alarm shall be latched until reset by an operator.BAS shall provide for adjustable maximum
rates of change for increasing and decreasing output from the following analog output points:
1. Speed control of variable speed drives
2. Chiller supply water temperature setpoint reset
3. Chiller demand limit
4. Travel rate of tower isolation and chiller isolation valves

L. Wherever a value is indicated to be dependent on another value (i.e.: setpoint plus 5°F) BAS
shall use that equation to determine the value. Simply providing a virtual point that the operator
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must set is unacceptable.  In this case three virtual points shall be provided.  One to store the
parameter (5°F), one to store the setpoint, and one to store the value which is the result of the
equation.

M. The following chilled water sequence applies to the classic primary/secondary chilled water
system where the bypass is positioned for equal percent unloading of all chillers, constant
speed primary pumps one per chiller, multiple secondary chilled water pumps controlled from a
variable speed drive. Various staging scenarios are included and the designer should select the
most optimal method for the applicable job.

3.02 DEMAND LIMITING CONTROL:
A. BAS shall monitor kW demand over a 15-minute sliding window period.
B. Demand limiting shall be disabled during the winter billing period.  When demand limiting is

enabled, it shall be possible for the operator to disable it on a daily basis, but it shall be
automatically re-enabled each day at 12 midnight.

C. On a rise in kW to within [200] kW (adj.) of setpoint, a Level 4 alarm shall be enunciated and
BAS shall begin to make one “load shed” command every [3] minutes (adj.).  On a fall in kW to
1. [200] kW less than the demand setpoint, BAS shall begin to broadcast one ”load restore”

command every [3] (adj.) minutes on a first shed, first restored basis. If demand exceeds
the demand setpoint and there are no more loads left to shed, the demand setpoint shall
be increased to the maximum demand experienced.  Demand setpoint shall be
automatically reset to an adjustable value at the beginning of each billing period.

D. available for shedding are defined elsewhere in this specification section.
E. On a rise in kW to within [50] kW (adj.) of setpoint, a Level 3 and Level 4 alarm shall be

enunciated.
3.03 AIR HANDLING UNITS - GENERAL

A. See drawings for equipment-specific sequences of operations.
B. Logic Strategies:  The BAS shall fully control the air handlers.  Generally the BAS shall energize

the AH (start the fans and activate control loops) as dictated for each air handle. The following
indicates when and how the BAS shall energize the AHs and control various common aspects
of them. The following “logic strategies” shall be included by reference with each air handler with
any specific clarifications required:
1. Scheduled Occupancy: BAS shall determine the occupancy periods (occupied,

unoccupied, preoccupancy, and setback) as defined above. The following details the
common control aspects related to the scheduled occupancy.

2. Minimum OA Control: BAS shall maintain minimum ventilation during the occupied period.
The following strategies may apply:
a. Balanced Position: During the occupied period, applicable mixing and OA dampers

shall never be positioned less than the position set for the required minimum OA
ventilation rate. If the air handler has a single OA damper that is capable of
economizer, the minimum position output shall be determined by the balancer. If the
AH has a two position minimum OA damper, that position shall be fully open to its
balanced position. This logic strategy is only applicable to constant volume Ahs.

b. Reset Balanced Position: During the occupied period, applicable mixing and OA
dampers shall never be positioned less than the minimum position. Minimum position
shall be reset between limits of a position delivering system exhaust make-up air CFM
and the design minimum position delivering design minimum CFM to maintain a CO2
setpoint of 900 ppm (adj.). Loop shall be a “sample and bump” or dynamic
proportional only loop tuned for the slow response.  The balancer shall determine the
minimum position outputs at both extreme points. This logic strategy is only applicable
to constant volume AHs.
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c. Damper Controlled Fixed: During the occupied period, applicable mixing dampers
shall be modulated to maintain an OA flow rate of no less than the MVR as dictated in
the design and required by ASHRAE 62. Setpoint flow rates shall be provided by the
A/E. Flow rate shall be determined in any of the following ways as specified for the
particular AH: 1) Measured directly by an OA flow station 2) As determined by CO2
mixing equations using the SA, OA, and RA CO2 sensors

d. Damper Controlled Reset: During the occupied period, applicable mixing dampers
shall be modulated to maintain an OA flow rate setpoint. Setpoint shall be reset
between limits of system exhaust make-up air CFM and the design minimum CFM to
maintain an RA CO2 setpoint of 900 ppm (adj.). Loop shall be a “sample and bump”
or dynamic proportional only loop tuned for the slow response. Setpoint flow rates
shall be provided by the A/E. Flow rate shall be determined in any of the following
ways as specified for the particular AH: 1) Measured directly by an OA flow station 2)
As determined by CO2 mixing equations using the SA, OA, RA, and/or Space CO2
sensors.

e. Mixed Air Plenum Pressure Control: Minimum position of the OA damper shall be set
to obtain the design required minimum OA. This balanced position shall remain fixed
whenever to minimum loop is active BAS shall control the return air damper to
maintain a mixed air plenum pressure (relative to outside) setpoint which will be
specified by the balancer (-.5”). Ensure the OA reference pressure is adequately
dampened against wind fluctuations using a wind resistance static tip, restrictors, and
air volume capacitance.

3. VAV Return Fan Capacity Control: BAS shall control the output of the return fan as follows:
a. Flow Tracking: The return air fan shall run to maintain a return flow setpoint of the

supply flow minus an offset value.  The offset value shall be determined as follows:
1) Fixed Differential: It shall be fixed at the design minimum OA value.
2) Differential Reset from RA CO2:::It shall be reset between limits of system

exhaust make-up air CFM and the design minimum CFM to maintain an RA CO2
setpoint of 900 ppm (adj.). Loop shall be a “sample and bump” or dynamic
proportional only loop tuned for the slow response. Setpoint flow rates shall be
provided by the A/E.

3) Differential Reset from Measured OA to Maintain Fixed OA: It shall be reset to
maintain the measured minimum OA flow at the design value any time the
economizer mode is inactive. Whenever it is inactive, it shall be set to the value
that existed when the unit became active.

4) Differential Reset from Measured OA to Maintain Reset OA When the
economizer mode is inactive, it shall be reset to maintain the measured OA flow
setpoint. The OA setpoint shall be reset between limits of system exhaust
make-up air CFM and the design minimum CFM to maintain a CO2 setpoint of
900 ppm (adj.). Loop shall be a “sample and bump” or dynamic proportional only
loop tuned for the slow response. Setpoint flow rates shall be provided by the
A/E. Whenever the economizer is active, it shall be set to the value that existed
when the unit became active.

b. Rescaled Output Capacity Control:  The output for the return fan capacity control shall
be rescaled from the output of the to the supply device such that the design minimum
OA temperature is maintained at both maximum and 50% flow conditions. The
balancing contractor shall determine the coordinated output.

4. Airside Economizer: BAS shall modulate the mixing dampers to provide “free cooling”
when conditions merit.  The free cooling shall generally be staged before any mechanical
cooling. While conditions merit, dampers shall be modulated in a DA PID loop to maintain
mixed air temperature at a setpoint as specified for the individual unit. Economizer logic
shall remain enabled during setback cooling where applicable.  One of the following
strategies shall be used to enable the economizer mode:
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a. Dry Bulb Comparison: Economizer mode shall be active while the unit is energized
AND when OA enthalpy fall below 28 btu/# AND outside air temperature falls below
return air temperature (with 2°F cycle differential). Economizer mode shall be inactive
when OA enthalpy rises above 29 btu/# ORoutside air temperature rises above return
air temperature (with 2°F cycle differential), dampers shall return to their scheduled
minimum positions as specified above.  Economizer shall remain enabled during
setback cooling.

b. Dry Bulb Switch: Economizer mode shall be active while the unit is energized AND
when OA enthalpy fall below 28 btu/# AND outside air temperature falls below the
switching setpoint of 70°F (adj.) (with 5°F cycle differential). Economizer mode shall
be inactive when OA enthalpy rises above 29 btu/# OR outside air temperature rises
above switching setpoint, dampers shall return to their scheduled minimum positions
as specified above.

c. Enthalpy Comparison: Economizer mode shall be active while the unit is energized
AND when outside air enthalpy falls below return air enthalpy (with 2btu/# cycle
differential). Economizer mode shall be inactive when outside air enthalpy rises above
return air enthalpy, dampers shall return to their scheduled minimum positions as
specified above.

5. Sequenced Heating and Cooling: BAS shall control the heating and cooling coils and air
side economizer as detailed for the particular AH. Program logic shall directly prohibit the
heating and cooling valves as well as the heating valve and economizer damper to be
open (or above minimum) simultaneously. This does not apply to cooling and reheat
valves that are used simultaneously for dehumidification.

6. Mixed Air Low Limit Override: BAS shall override the signal to the OA damper via a
proportional only loop to maintain a minimum mixed air temperature of 45°F (adj.) (loop
shall output 0% at 45°F which shall be passed to the output via a low selector).

7. Freeze Safety: Upon operation of a freezestat, unit shall be deenergized with the exception
of the heating loops. Typically supply and return fans where applicable shall be
deenergized via a hardwired interlock, [, and an indication of the operation shall be sensed
by the BAS. BAS shall enunciate appropriate alarm and remove and lock out the start
command], [which shall initiate "fan failure" alarms]. OA dampers shall close and heating
loops shall remain active.

8. Smoke Safety:  Upon indication of smoke by a smoke detector, FAC shall deenergize the
AH. Smoke detector shall notify the fire alarm system and BAS, shut down the fans, and
close the smoke dampers via hard-wired interlock.

9. HIGH OR LOW PRESSURE SAFETY: UPON ACTIVATION OF A HIGH OR LOW
PRESSURE SAFETY SWITCH, AH SHALL BE DEENERGIZED, FANS SHALL BE
DEENERGIZED VIA A HARD WIRED INTERLOCK [, AND AN INDICATION OF THE
OPERATION SHALL BE SENSED BY THE BAS. BAS SHALL ENUNCIATE
APPROPRIATE ALARM AND REMOVE AND LOCK OUT THE START COMMAND],
[WHICH SHALL INITIATE "FAN FAILURE" ALARMS].

10. Vibration Safety (Applicable To Units >50,000 cfm):  Upon activation of a vibration safety
switch, respective fan shall be deenergized, fan shall be deenergized via a hard wired
interlock and an indication of the operation shall be sensed by the BAS]. BAS shall
enunciate appropriate alarm and remove and lock out the start command.

C. The detailed “logic strategies” above shall be required by reference to them in each of the
individual sequences specified below.

3.04 EXHAUST FANS
A. Exhaust Fans Serving Electrical Rooms

1. Exhaust fans serving electrical rooms shall be controlled by a line-voltage thermostat set to
engage the fan when the temperature exceeds 85 degrees in the space (adjustable).

2. Electrical Room Exhaust Fan Monitoring
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a. Provide a current sensor indicating operational status of the fan on the monitoring
screen at the BAS terminal.

b. Provide temperature reading in each room on the monitoring screen at the BAS
terminal.

c. Provide an alarm on the monitoring screen if the temperature exceeds 100 degrees
(user adjustable).

B. Exhaust Fans Serving Toilet Rooms
1. Exhaust fans serving toilet rooms shall operate on occupancy schedule.  The fans shall

automatically engage at the scheduled start time (user adj.) and shall automatically
dis-engage at the scheduled end time (user adj.).

2. Where indicated on the drawings and schedules, provide a motor operated damper on the
fan.  Dampers to open when the fan is engaged.

3. Toilet Room Exhaust Fan Monitoring
a. Provide a current sensor indicating operational status of the fan on the monitoring

screen at the BAS terminal.
b. Provide a status indicator for each MOD position on the monitoring screen at the BAS

terminal via end switch.
3.05 AIR HANDLING UNIT DIAGNOSTICS - GENERAL

A. Diagnostic Strategies: In addition to the standard alarm limits specified for all sensed variables
the BAS monitor and diagnose anomalies in the operation of the air handlers. The following
“diagnostic strategies” shall be included by reference with each air handler with any specific
clarifications required:
1. Run Time Limit: BAS shall accumulate the runtime of the status of associated rotating

equipment and enunciate a level 5 alarm to indicate that the unit is in need of service.
2. Filter Monitoring: BAS shall monitor the differential pressure transmitter across the filter

bank(s).  A level 5 alarm shall be reported when pressure drop exceeds the transmitter's
setting.

3. Start Monitoring:  BAS shall accumulate the starts of cycling equipment.  BAS shall further
enunciate a level 5 alarm when the number of starts exceeds the specified value within the
specified time period. (ie: more than 3 starts in a 30 min period)

4. Heating Valve Leak: While heating valve is closed, if the temperature increase across the
heating coil exceeds 2°F continuously for 30 minutes; or if the discharge temperature is
more than 5°F above setpoint for more than 30 minutes continuously, enunciate the
following alarm at level 3 and 4 priority:
a. ENERGY WASTE: An unexpected temperature rise is occurring across the heating

coil. Please check for leaking valve or faulty controls.
5. Cooling Valve Leak: While cooling valve is closed, if the temperature drop across the

cooling coil exceeds 2°F continuously for 30 minutes; or if the discharge temperature is
more than 5°F below setpoint for more than 30 minutes continuously, enunciate the
following alarm at level 3 and 4 priority:
a. ENERGY WASTE: An unexpected temperature drop is occurring across the cooling

coil. Please check for leaking valve or faulty controls.
6. Cooling Capacity Shortage: BAS shall monitor the output to the valve. If the output

exceeds 99% open for 1 hour continuously, enunciate the following alarm
a. Lack of Capacity: The cooling valve of XXX has been commanded to the full open

position for an extended time period. Ensure that the setpoint for the control loop is at
a reasonable value and that flow to the coil has not been obstructed as in a plugged
strainer, throttled balancing valve, debris in the control valve, etc.

7. Economizer Anomaly: If mixed air temperature is less than low limit mixed air temperature
°F or greater than [85]; or if the outside air temperature is between 55°F and 65°F and the
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mixed air temperature is more than 2°F different from the outside air temperature for more
than 30 minutes continuously, enunciate the following alarm at level 3 and 4 priority:
a. ENERGY WASTE: An unexpected mixed air temperature indicates a possible

problem with the economizer damper controls. Please check for faulty dampers or
controls.

8. Fighting Valves: BAS shall monitor the valve positions of the preheat and cooling coils and
shall enunciate the following level 3 alarm if the valve positions are both over 10% open.
a. a. Fighting Valves: The preheat and the cooling valves are opening simultaneously on

XXX.  Coordinate the control loops.
9. Fighting Thermal Zones:  BAS shall monitor the mode of multiple terminal zones within a

thermal zone and enunciate the following level 3 alarm if some are in heating mode, and
others are in cooling mode:
a. FIGHTING TERMINAL UNITS:  Simultaneous heating and cooling exists in XXX. 

Coordinate the setpoints.
10. Fighting Humidity Zones:  BAS shall monitor the mode of multiple terminal zones within a

humidity zone and enunciate the following level 3 alarm if some are in heating mode, and
others are in cooling mode:
a. FIGHTING TERMINAL UNITS:  simultaneous humidification and dehumidification

exists in XXX.  Coordinate the setpoints.
11. Unstable Control: BAS shall monitor the output to the actuator. BAS shall calculate the

average change in output per second over a 30-min. period. The average change in output
signal shall be calculated as follows: å [(Abs(Current Output(%)-Last Output(%)) / (Scan
Interval(s)) ] / ( # of Scans in 30 min ). The program shall execute the check once every 14
hours (start the 30-min. interval change accumulation, after 30 min. perform the check and
clear the sum).  BAS shall enunciate the following alarm if the average rate of change
exceeds 1%/sec or one half of the maximum rate of change programmed for the point.
a. Unstable Control: The control loop on XXX appears to be unstable.  Establish a plot of

the valve output to validate this. If the damper is hunting unacceptably, tune the loop.
END OF SECTION


