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ADDENDUM NUMBER 02 TO THE BID DOCUMENTS

To all general contract bidders of record on the Bid Proposal:

BID DOCUMENT:  17/18 MB5
Building 11 Renovation # I50-35613

College of Marin – Indian Valley Campus

Addendum Date:  October 9, 2017     

A. This addendum shall be considered part of the bid documents for the above mentioned 
project as though it had been issued at the same time and shall be incorporated integrally 
therewith. Where provisions of the following supplementary data differ from those of the 
original bid documents, this Addendum shall govern and take precedence.

B. Bidders are hereby notified that they shall make any necessary adjustments in their 
estimates as a result of this Addendum. It will be construed that each bidder’s proposal is 
submitted with full knowledge of all modifications and supplemental data specified herein.

The bid documents are modified and clarified, as follows:

Bid questions and responses:

1. The demolition notes say that “all demo work is be done by others.” Will the owner to have 
all demolition, including roof demo, completed prior to the start of construction? Or is this to 
be the contractors responsibility?

RESPONSE: Demolition note 1 says "ALL DEMOTION WORK BY OTHER U.O.N. IN 
DEMOLIITION KEYNOTES, NOT EVERY ITEM OF (E) WORK TO BE DEMOLISHED IS 
INDICATED ON THE DRAWINGS.” Refer to keynotes. Demo of roof to be contractor's 
responsibility. 

2. Please reference detail 1 on sheet A9.20. The detail calls for new elevator controls 
without a spec section provided. Please provide appropriate elevator specifications.

RESPONSE: See Addendum 01 revisions to A9.20 and A9.21

3.  Please reference detail 2 on sheet A8.3. The detail calls for new fiber reinforced slats 
with aluminum bar inserts. Please provide spec section for this material as section 06 
40 05 does not exist within current spec book.

RESPONSE: See Addendum 01 for missing spec section 06 40 05 for Resysta 
material for composite wood planks.
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4.  Please reference detail 7 on sheet 8.2 which calls for Resysta fiber reinforced hollow plank 
siding. Please provide spec section as section 06 04 05 does not exist with current spec 
book.

RESPONSE: See Addendum 01 for missing spec section 06 40 05 for Resysta material for 
composite wood planks.

5. Other than the elevator and stairs, what is the average height of walls on the second 
floor?

RESPONSE: See A3.11 for typical height of 9’-6”. 

6. Is there any painting or coating system required on the exterior of Building 11 for this 
project?

RESPONSE: Patch and paint around exterior openings and areas affected by new work, 
prep. of existing trellis frame for new paint, paint at new exterior door 112, and paint at new 
roof fascia board

7. On both drawing pages (A6.2 and A6.3) notes 608 and 614 refer to sand blasting 
existing paint on particular glulam beams and rafters to prepare for a clear coat sealer. 
(1) Having viewed the beams first hand, there are areas on the glulams that currently 
have paint and are not represented on the drawings. Do you want every area where 
there is current paint, to be removed? 
 
RESPONSE: Yes, to the extent possible without damaging the glulam and removing 
significant thickness.

8. At the walk it was verbally expressed that the only the horizontal glulams (running along 
axis "2" and "B" on pg.A6.3) were being suggested for receiving a clear coat.  But on 
drawing A6.3 some of the other beams and rafters are called out.  Can you advise?

RESPONSE: Remove paint on all exposed wood surfaces at glulam beams, roof beam 
and rafters where occur at 2nd floor. From the site walk, paint primarily is on the 
horizontal glulam beams along axis 2 and B on A6.3 (located on B.O. Beam elevation 
21’-10 ½”). 

9. Is it possible to point out which glulam beams or rafters you would like to receive a clear 
coat?  
RESPONSE: No clear coat finish is needed.

10. And as far as preparation is concerned, is it possible that the removal of paint can be up 
to the contractor, or do those areas need to be sandblasted, which may definitely alter 
the look compared to the other surfaces? 
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RESPONSE: The intent is to remove existing paint finish from existing surfaces and 
refinish it to provide for an even consistent look to the glulam beams. I will defer to 
contractor for means and method for paint removal and for providing a consistent finish 
appearance of the natural material. An example can be hand sanding.

11. Can you also provide specs for the clear coat process including preparation (beyond 
removing existing paint), product, application, etc.?

RESPONSE: No clear coat finish is needed.

12. I am a Building Insulation subcontractor and would like to bid on that portion of the job 
will I be bidding to a G.C. or is the Insulation a stand-alone package that I need to bid to 
the district?  If I am bidding to an approved G.C. do you have a bidders list I can look at?

RESPONSE: The insulation portion of the project is not being bid as a separate contract. 
All bids must be submitted as single lump sum bid for the entire project. Bidders list was 
sent out to all participants of the Mandatory Pre-Bid Conference.

13. Section 23 05 00 paragraph 1.05.A calls for 2D flat shop/coordination drawings.  Section 
23 05 00 paragraph 1.06.A & B calls for 3D As-Builts in Revit.  How do we submit a 3D 
model and drawing when none are being produced?

RESPONSE: It is the mechanical contractor’s responsibility to provide fully coordinated 
(2D) shop drawings per section 23 05 00. A 3D model will not be required, the 
specifications will be updated to reflect this.

14. Section 00 10 00 calls for only Delta Controls for the BMS work on the project.  Section 
23 09 00 paragraph 2.01.A names Automated Logic, Delta Alerton, Siemens, Johnson 
Controls and Trane as acceptable manufacturers/installers.  Which is correct?

RESPONSE: 00 10 00 is correct. Only Delta controls will be accepted as directed by the 
college. Section 23 09 00 will be updated to reflect this.

15.  Will a specification for the skylight be provided?
RESPONSE: Skylight submittal is attached for reference.

16.  Can you clarify if the exterior windows will be clear glass only or a Low E.

RESPONSE:  GL-1 Exterior windows will be Low E, 1” insulated glazing with tempered 
glazing on outside pane per Novato local ordinance for Wildland Urban Interface 
requirements. GL-2 shall be 1/2” temp. clear glass. 
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17.  Spec: 084113 Interior Aluminum Storefronts call out for the Old Castle FG 2000 which is 
an exterior Storefront. The storefront details show an interior system like Doormerica, 
Rayco, Wilson. Please clarify what will be required.

RESPONSE: Storefront system should be interior storefront. The Old Castel G 2000 
system is an interior storefront system. This has been confirmed with manufactuer.

18. Door E107 in on the exterior elevation but not in the door schedule. Looks to be a 
storefront door. Please clarify.

RESPONSE: E107 is an existing door. No new work for that door.

19. At the job walk we were informed that the weight limit for the bridge was 20 tn, 
however the bridge has a sign posted stating a 15 tn weight limit. Please clarify the 
actual limit for the bridge.

RESPONSE: The weight limit of the bridge (bridge #4) adjacent to Building 11, that goes 
over the creek, is 15 tons. 

20. Would you be able to provide me with the engineers estimate for the Building 11 
Renovation project?

RESPONSE: There is no engineers estimate for 17/18-MB5: Building 11 Renovation 
project.

21. What is the engineers estimate for this project?

RESPONSE: There is no engineers estimate for 17/18-MB5: Building 11 Renovation 
project.

Attachments issued with Addendum 02:

1. Spec. Section 23 05 00 Common Work Results for HVAC
2. Spec. Section 23 09 00 Instrumentation and Controls for HVAC
3. Skylight submittal
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_______________________________________________________

Name of Architect or Engineer in General Responsible Charge

__________________________________      _____________
Signature of Architect or Structural Engineer    Date

End of Addendum #02
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SECTION 23 05 00

COMMON WORK RESULTS FOR HVAC

PART 1 - GENERAL

1.01 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01, General Requirements Specification Sections, apply to this 
Section.

B. The provisions of Division 23, Heating, Ventilation and Air Conditioning (HVAC) 
Section 23 05 00, Common Work Results for HVAC, apply to work specified in this Section.

C. Sections of Division 23, HVAC are interrelated.  When interpreting any direction, material, and 
method specified in any section of Division 23, HVAC, consider it within the entirety of Work in 
Division 23, HVAC.

1.02 SUMMARY

A. The intent of Division 23, HVAC Specifications and the accompanying Drawings is to provide 
a complete and workable facility with complete systems as shown, specified and required by 
applicable codes.  Include Work specified in Division 23, HVAC and shown on the 
accompanying Drawings, including appurtenances, connections, etc., in the finished job.

B. The Division 23, HVAC Specifications and the accompanying Drawings are complementary.  
Items shown on the Drawings are not necessarily included in the Specifications and vice 
versa.  Specifications supersede drawings in case of conflict.

C. Imperative language is frequently used in Division 23, HVAC Specifications.  Except as 
otherwise specified, requirements expressed imperatively are to be performed by the 
Contractor.

D. The Drawings that accompany the Division 23, HVAC Specifications are diagrammatic.  They 
do not show every offset, bend, tee, or elbow which may be required to install work in the 
space provided and avoid conflicts.  Offsets and transitions assumed at a minimum at each 
duct crossing, structural penetrations through shear walls or beams, structural grids where 
ceiling heights are restricted, and at piping mains.  Follow the Drawing as closely as is 
practical to do so and install additional bends, offsets and elbows where required by local 
conditions from measurements taken at the Building, subject to approval, and without 
additional cost to the Owner.  The right is reserved to make any reasonable changes in outlet 
location prior to roughing-in, without cost impact.

1.03 RELATED WORK

A. The General and Supplemental Conditions apply to this Division, including but not limited to:

1. Drawings and specifications.

2. Public ordinances, permits.

3. Include payments and fees required by governing authorities for work of this Division.
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B. Division 01, General Requirements, General Requirements, applies to this Division.

1.04 QUALITY ASSURANCE

A. Regulatory Requirements:

1. Products and equipment prohibited from containing pentabrominated, octabrominated, 
and decabrominated diphenyl ethers.  Where products or equipment within this 
specification contain these banned substances, provide complying products and 
equipment from approved manufacturers with equal performance characteristics.

2. General:  Work and materials conforms to the local and State codes, and Federal, State 
and other applicable laws and regulations.

3. Contractor responsible for obtaining and payment for permits, licenses, and inspection 
certificates required in accordance with provisions of Contract Documents.

B. Materials and equipment:  New and defective free.  Work good quality, free of faults and 
defects and in conformance with the Contract Documents.

C. Apparatus built and installed to deliver its full rated capacity at the efficiency for which it was 
designed.

D. The entire mechanical system and apparatus operate at full capacity without objectionable 
noise or vibration.

E. Install equipment level and true.  Housekeeping pads and curbs account for floor or roof slope.

F. Materials and Equipment:

1. Each piece of equipment furnished meet detailed requirements of the Drawings and 
Specifications and suitable for the installation shown.  Equipment not meeting 
requirements will not be acceptable, even though specified by name along with other 
manufacturers.

2. Where two or more units of the same class of equipment are furnished, use products of 
the same manufacturer.  Component parts of the entire system need not be products of 
same manufacturer.

3. Furnish materials and equipment of size, make, type, and quality herein specified.

4. Equipment scheduled by performance or model number considered the basis of the 
design.  If other specified manufacturer's equipment is provided in lieu of the basis of 
design equipment the contractor is responsible for changes and costs which may be 
necessary to accommodate this equipment, including different sizes and locations for 
connections, different electrical characteristics, different dimensions, different access 
requirements or any other differences which impact the project.

G. Workmanship:

1. General:  Install materials in a neat and professional manner.

2. Manufacturer’s Instructions:  Follow manufacturer’s directions where they cover points 
not specifically indicated.  If they are in conflict with the Drawings and Division 23, HVAC 
Specifications, obtain clarification before starting work.
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H. Cutting and Patching:

1. Cutting, patching, and repairing for the proper installation and completion of the work 
specified in this Division including plastering, masonry work, concrete work, carpentry 
work, and painting performed by skilled craftsmen of each respective trade in 
conformance with the appropriate Division of Work.

2. Additional openings required in building construction made by drilling or cutting.  Use of 
jackhammer is specifically prohibited.

3. Fill holes which are cut oversize so that a tight fit is obtained around the sleeves passing 
through.

4. Do no pierce beams or columns without permission of Architect and then only as 
directed.

5. Restore new or existing work cut or damaged to its original condition.  Where alterations 
disturb lawns, paving, walks, etc., the surfaces repaired, refinished, and left in condition 
existing prior to commencement of work.

1.05 SUBMITTALS

A. Shop Drawings:

1. Indicate the general layout of the piping, ductwork, and various items of equipment.  
Coordination with other trades and with field conditions will be required.  For this purpose, 
prepare Shop Drawings of piping, ductwork and equipment installations.  Shop Drawings 
new drawings prepared by Contractor and not reproductions or tracings of Architect’s 
Drawings.  Overlay drawings with shop drawings of other trades and check for conflicts.  
Drawings the same size as Architect’s Drawings with title block similar to Contract 
Drawings and identifying Architect’s Drawing number or any reference drawings.  Fully 
dimensioned including both plan and elevation dimensions.  Shop drawings cannot be 
used to make scope changes.

2. Prepared in two-dimensional format.

3. Include but are not limited to:
a. Complete floor plans with sheet metal and HVAC piping to a minimum of 1/4-inch 

equals 1-foot scale.
b. Sheet metal and HVAC piping of mechanical and fan rooms to a minimum of 1/2-

inch equals 1-foot scale.
c. Sections of congested areas to a minimum of 1/2-inch equals 1-foot scale.
d. Controls and Instrumentation:  Scale and drawing sizes to suit controls supplier.
e. Fabricated Equipment:  Scale and drawing sizes to suit contractor except equipment 

not less than 1/4-inch equals 1-foot scale.
f. Superplot plans of above ground work with a colored overlay of trades including, but 

not limited to, HVAC piping, HVAC equipment, plumbing piping and equipment, 
sprinklers, lighting, lighting controls, cable tray, fire alarm devices, electrical power 
conduit, and ceiling system to a minimum of 1/2-inch equals 1-foot scale.

g. Superplot plans of below ground work with a colored overlay of trades including, but 
not limited to, structural footings and foundation, HVAC piping, civil piping, plumbing 
piping, and power conduit to a minimum of 1/2-inch equals 1-foot scale.

h. Beam penetration drawings indicating beam penetrations meeting the requirements 
indicated on the floor plans and on the structural drawings to a minimum of 1/4-inch 
equals 1-foot scale.
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i. Slab penetration drawings of HVAC, plumbing, sprinklers, lighting and electrical to a 
minimum of 1/4-inch equals 1-foot scale.

j. Fabrication drawings of radiant ceiling panels, architectural metal ceiling, including 
panel penetrations for lighting, sprinkler heads, fire alarm devices, and any other 
penetrations.

4. Submit shop drawings for review prior to beginning fabrication.  Additional shop drawings 
may be requested when it appears that coordination issues are not being resolved in the 
field or when there is a question as to whether contract documents are being complied 
with or the design intent is being met.

B. Product Data:

1. In general, submit product data for review on scheduled pieces of equipment, on 
equipment requiring electrical connections or connections by other trades, and as 
required by each specification section or by Drawing notes.  Include manufacturer’s 
detailed shop drawings, specifications and data sheets.  Data sheets include capacities, 
RPM, BHP, pressure drop, design and operating pressures, temperatures, and similar 
data.  Manufacturer’s abbreviations or codes are not acceptable.

2. List the name of the motor manufacturer and service factor for each piece of equipment.

3. Indicate equipment operating weights including bases and weight distribution at support 
points.

4. In the case of equipment such as wiring devices, time switches, valves, etc., specified by 
specific catalog number, a statement of conformance will suffice.

C. Submission Requirements:

1. Shop Drawings and Product Data:
a. Refer to Division 01, General Requirements for additional requirements related to 

submittals.
b. Submit electronic copies of shop drawings and product data for Work of Division 23, 

HVAC in PDF format with each item filed under a folder and labeled with its 
respective specification section number, Article and paragraph and mark if 
applicable.

c. Include a complete index in the original submittal.  Indicate both original items 
submitted and note stragglers that will be submitted at a later date to avoid delay in 
submitting.

d. The bulk of the shop drawings and product data, excepting Controls and 
Instrumentation, included with the original submittal.  Controls and Instrumentation 
submittals may lag but complete when submitted.  Partial submittals will not be 
accepted.  Other stragglers submitted after return of the original binder includes a 
tab similar to that originally submitted.  Upon receipt of the returned late submittal, 
insert them in the previously submitted binder.

D. Contractor Responsibilities:  

1. Submit submittals one time and are in proper order.

2. Ensure that equipment will fit in the space provided.

3. Assure that deviations from Drawings and Specifications are specifically noted in the 
submittals.  Failure to comply will void review automatically.
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1.06 AS-BUILT DRAWINGS

A. Provide 3D 2D model CAD files and record drawings at the end of the project on CD-ROM. 

B. 3D 2D model files in the following format:

1. RevitAutoCAD

C. Record Drawings:  Provide hard copies and pdf format.

1. Drawings include the following:
a. Project Specific Title block.
b. Notations reflecting the as built conditions of any additions to or variations from the 

construction documents provided as part of the BIM coordination, RFIs, ASIs, Owner 
Changes and Field Coordination.

1.07 OPERATING AND MAINTENANCE MANUAL, PARTS LISTS, AND OWNER’S INSTRUCTIONS

A. Refer to Division 01, General Requirements for additional requirements.

B. Submit three bound copies of manufacturer’s operation and maintenance instruction manuals 
and parts lists for each piece of equipment or item requiring servicing.  Literature on 8-1/2-
inch by 11-inch sheets or catalogs suitable for side binding.  Submit data when the work is 
substantially complete, packaged separately, and clearly identified in durable 3-ring binder.  
Include name and contact information for location of source parts and service for each piece 
of equipment.  Clearly mark and label in each submittal, the piece of equipment provided with 
the proper nameplate and model number identified.  Provide wiring diagrams for electrically 
powered equipment.

C. Instruct Owner thoroughly in proper operation of equipment and systems, in accordance with 
manufacturer’s instruction manuals.  Operating instructions cover phases of control.

D. Furnish competent engineer knowledgeable in this building system for minimum of five 8-hour 
days to instruct Owner in operation and maintenance of systems and equipment.  Keep a log 
of this instruction including dates, times, subjects, and those present and present such log 
when requested by Architect.

1.08 PROJECT CONDITIONS

A. Existing Conditions:  Prior to bidding, verify and become familiar with existing conditions by 
visiting the site, and include factors which may affect the execution of this Work.  Include 
related costs in the initial bid proposal.

B. Coordinate exact requirements governed by actual job conditions.  Check information and 
report discrepancies before fabricating work.  Report changes in time to avoid unnecessary 
work.

C. Coordinate shutdown and start-up of existing, temporary, and new systems and utilities.  
Notify Owner, the City and Utility Company.

1.09 WARRANTY

A. Provide a written guaranty covering the work of this Division (for a period of one calendar year 
from the date of acceptance by the Owner) as required by the General Conditions.
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B. Provide manufacturer’s written warranties for material and equipment furnished under this 
Division insuring parts and labor for a period of one year from the date of Owner acceptance 
of Work of this Division.

C. Correct warranty items promptly upon notification.

1.10 PROVISIONS FOR LARGE EQUIPMENT

A. Make provisions for the necessary openings in building to allow for admittance of equipment.

1.11 TEST REPORTS AND CERTIFICATES

A. Submit one copy of test reports and certificates specified herein to the Architect.

1.12 SUBSTITUTIONS

A. Submit requests for product substitutions in accordance with the Instructions to Bidders and 
the General and Supplemental Conditions.

PART 2 - PRODUCTS

2.01 ACCESS PANELS

A. Furnish under this Division as specified in another Division of work.

2.02 PIPE AND DUCT SLEEVES

A. Interior Wall and Floor Sleeves:  18 gauge galvanized steel, or another pre-approved system.

B. Interior Wall and Floor Sleeves (fire rated):  Fire rated and water tight system approved by 
Authority Having Jurisdiction and Owners Insurance underwriter, with rating equal to floor or 
wall penetration, and designed specifically for the floor or wall construction, piping material, 
size and service.

C. Exterior Wall Sleeves:  Cast iron

D. On Grade Floor Sleeves:  Same as exterior wall sleeves.

E. Water Tight Sleeves: Combination steel pipe sleeves with water stop and anchor plate; Link 
Seal Model WS, mated with synthetic rubber links interlocked with bolts and nuts; Link Seal 
Model LS.

2.03 FLOOR, WALL AND CEILING PLATES

A. Furnish stamped split type plates as follows:

1. Floor Plates:  Cast brass, chromium plated.

2. Wall and Ceiling Plates:  Spun aluminum.

2.04 MACHINERY GUARDS

A. Furnish guards for protection on rotating and moving parts of equipment.  Provide guards for 
metal fan drives and motor pulleys, regardless of being enclosed in a metal cabinet.
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B. Design guards so as not to restrict air flow at fan inlets resulting in reduced capacity.

C. Provide shaft holes in guards for easy use of tachometers at pulley centers.  Guards easily 
removable for pulley adjustment or removal and changing of belts.

D. Meet OSHA requirements including back plates.

E. Provide inlet and outlet screens on fans in plenums or where exposed to personnel.

2.05 ELECTRICAL EQUIPMENT

A. General:  Equipment and installed work as specified under Division 26, Electrical.

B. Coordinate with the electrical Drawings and electrical contractor for minimum electrical 
equipment bracing requirements based on the available fault current rating at the bus of the 
panelboard or switchboard serving the piece of equipment.  Provide equipment with a Short 
Circuit Current Rating (SCCR) that meets the bracing requirement.

C. Motors – AC Induction:

1. Furnish as integral part of driven equipment.  

2. Drip proof induction type with ball bearings unless noted otherwise.  

3. Motors 1 hp and above premium energy efficient type, except for emergency equipment 
motors.  

4. Built to NEMA Standards for the service intended.  

5. Rated for voltage specified, suitable for operation within the range of 10 percent above to 
10 percent below the specified voltage.

6. Energy Efficient Motors:
a. Baldor
b. Westinghouse
c. General Electric 
d. Or approved equal.

7. Meet the efficiency standards identified in the table below as determined using the IEEE 
Method B test at full load.
MINIMUM MOTOR EFFICIENCIES

RPM
IEEE 112B Efficiency

HP KW 900 1200 1800 3600
1 0.75 -- 82.5 85.5 80.0
1.5 1.15 -- 86.5 86.5 85.5
2 1.53 -- 87.5 86.5 86.5
3 2.3 84.0 89.5 89.5 88.5
5 3.8 85.5 89.5 89.5 89.5
7.5 5.6 87.5 91.7 91.7 91.0
10 7.5 88.5 91.7 91.7 91.7
15 7.5 88.5 91.7 92.4 91.7
20 15.9 90.2 92.4 93.0 92.4
25 18.8 91.0 93.0 93.6 93.0
30 22.5 91.0 93.6 94.1 93.0
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MINIMUM MOTOR EFFICIENCIES
RPM
IEEE 112B Efficiency

40 30.0 91.7 94.1 94.5 93.6
50 37.5 92.4 94.1 94.5 94.1
60 45.0 93.0 94.5 95.0 94.1
75 56.3 93.0 95.0 95.4 94.5
100 75.0 93.0 95.4 95.4 95.0
125 93.8 94.5 95.4 95.4 95.4
150 112.5 94.5 95.8 95.8 95.4
200 150.0 94.5 95.8 96.2 95.8
250 187.5 94.5 95.1 96.2 95.1
300 225.0 94.5 95.3 96.2 95.3
350 225.0 94.5 95.3 96.2 95.3
400 300.0 94.5 95.4 96.2 95.4
450 337.5 94.5 95.5 96.2 95.5
500 375.0 94.5 95.6 96.2 95.6

8. Refer to Equipment Schedules on the Drawings for motor horsepower, voltage, and 
phase.

9. Refer to individual product sections for additional motor requirements.

10. Furnish motors on belt drive equipment of nominal nameplate horsepower not less than 
120 percent of equipment brake horsepower required for performance specified.

11. Built-in thermal overload protection, or be protected externally with separate thermal 
overload devices with low voltage release or lockout.  Hermetically sealed motors have 
quick trip devices.

12. Motors controlled by variable frequency drives inverter duty rated and have Class F 
insulation or better.  Withstand repeated voltage peaks of 1600 volts with rise times of 0.1 
microseconds and greater in accordance with NEMA Standard MG1 Part 31.

13. Motors served from variable frequency drives equipped with shaft grounding system 
which provides a path for current to flow between the shaft and motor frame.  SGS or 
equal.

14. Motors located in environment air plenums not tied to air handling functions totally 
enclosed type motors.

15. Motors installed on cooling towers totally enclosed type TEFC.

D. Motors – Electronic Commutation (EC):

1. Furnished as integral part of driven equipment.  

2. Permanently lubricated with ball bearings unless noted otherwise.  

3. Internal motor circuitry converts AC power supplied to the motor to DC power to operate 
the motor.  

4. Speed controllable down to 20 percent of full speed.  

5. Motor efficiency at a minimum of 85 percent at all speeds.
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6. Refer to Equipment Schedules on the Drawings for motor horsepower, voltage, and 
phase.

7. Refer to individual product sections for additional motor requirements.

8. Built-in thermal overload protection, or be protected externally with separate thermal 
overload devices with low voltage release or lockout.  Hermetically sealed motors have 
quick trip devices.

9. Motors located in environment air plenums not tied to air handling functions totally 
enclosed type motors.

E. Starters:  Provided under Division 26, Electrical, suitable for performing the control functions 
required, with the exception of self-contained equipment and where the starters are furnished 
as part of the control package.

F. Equipment Wiring:  

1. Interconnecting wiring within or on a piece of mechanical equipment provided with the 
equipment unless shown otherwise.  

2. This does not include the wiring of motors, starters and controllers provided under 
Division 26, Electrical.

G. Control Wiring:  Control wiring for mechanical equipment provided under Section 23 09 00, 
Instrumentation and Controls for HVAC.

H. Codes:  Electrical equipment and products bear the UL label as required by governing codes 
and ordinances.

PART 3 - EXECUTION

3.01 ACCESS PANELS

A. Install in accord with manufacturer’s recommendations, coordinated with architectural 
features.

B. Provide 2-hour fire rated doors where required bearing the UL label.

C. Furnish 18-inch by 18-inch panels for ceilings and for access to equipment in soffits and 
shafts, and 12-inch by 12-inch for walls unless indicated otherwise.

D. Furnish where indicated and where required to access valves, fire/smoke dampers, trap 
primers, shock arresters, and other appurtenances requiring operation, service or 
maintenance.  Submit proposed locations for review prior to installation.

3.02 SLEEVES

A. Interior Floor and Wall Sleeves:  

1. Provide sleeves large enough to provide 3/4-inch clearances around pipe or ductwork.  

2. Where pipe or ductwork is insulated, insulation pass continuously through sleeve with 
3/4-inch clearance between insulation and sleeve.  
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3. Penetrations through mechanical room and fan room floors watertight by packing with 
safing insulation and sealing with Tremco Dymeric Sealant or approved system. 

B. Sleeves Through Rated Floors and Walls:  Similar to interior sleeves except install fire rated 
system approved by Authority Having Jurisdiction and Owners insurance underwriter, with 
rating equal to floor or wall penetration, and designed specifically for the floor or wall 
construction, piping or duct material, size and service.

C. Sleeves specified or indicated at fire damper penetrations take precedence over this article.

D. Exterior Wall Sleeves Below Grade:  

1. Provide water tight sleeves. Install at pipes entering building below grade and where 
shown. 

2. Adjust to provide positive hydrostatic seal. 

3. Follow manufacturer’s procedure for installing and tightening seal.  

4. Secure sleeves against displacement.

E. On Grade Floor Sleeves:  Same as below grade exterior wall sleeves, caulked from inside.

F. Exterior Wall Sleeves Above Grade:  Similar to interior wall sleeves except caulk outside with 
Tremco Dymeric Sealant.

G. Layout work prior to concrete forming.  Do cutting and patching required.  Reinforce sleeves to 
prevent collapse during forming and pouring.

H. Floor sleeves maintain a water barrier by providing a water tight seal or they extend 1-inch 
above finished floor except through mechanical equipment room floors and shafts where 
sleeves extend 2-inches above finished floor level.  Sleeves through roof extend 8-inches 
above roof.  Wall sleeves flush with face of wall unless otherwise indicated.  

I. Do not support pipes by resting pipe clamps on floor sleeves.  Supplementary members 
provided so pipes are floor supported.

J. Special sleeves detailed on drawings take precedence over this Section.

3.03 CLEANING

A. General:  Clean mechanical equipment, piping and ductwork of stampings and markings 
(except those required by codes), iron cuttings, and other refuse.

B. Painted Surfaces:  Clean scratched or marred painted surfaces of rust or other foreign matter 
and paint with matching color industrial enamel, except as otherwise noted.

C. Additional requirements are specified under specific Sections of this Division.
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3.04 EQUIPMENT PROTECTION

A. Keep pipe, ductwork and conduit openings closed by means of plugs or caps to prevent the 
entrance of foreign matter.  Protect piping, conduit, ductwork, equipment and apparatus 
against dirty water, chemical or mechanical damage both before and after installation.  
Restore damaged or contaminated fixtures, equipment, or apparatus to original conditions or 
replace at no cost to the Owner.

B. Protect bright finished shafts, bearing housings, and similar items until in service.  No rust will 
be permitted.

C. Cover or otherwise suitably protect equipment and materials stored on the job site.

3.05 ACCESSIBILITY

A. General:  Locate valves, thermometers, cleanout fittings and other indicating equipment or 
specialties requiring frequent reading, adjustments, inspection, repairs, and removal or 
replacement conveniently and accessibly with reference to the finished building.

B. Thermometers and Gauges:  Install thermometers and gauges so as to be easily read from 
the floors, platforms, and walkways.

3.06 FLOOR, WALL, AND CEILING PLATES

A. Install on piping and ductwork passing through finished walls, floors, ceilings, partitions, and 
plaster furrings.  Plates completely cover opening around pipe and duct.

B. Secure wall and ceiling plates to pipe, insulation, or structure.

C. Plates not to penetrate insulation vapor barriers.

D. Plates not required in mechanical rooms or unfinished spaces.

3.07 PAINTING

A. General:  Coordinate painting of mechanical equipment and items with products and methods 
in conformance with the appropriate Division of Work, Painting.  Exposed work under this 
division receives either a factory painted finish or a field prime coat finish, except:

1. Exposed copper piping.

2. Aluminum jacketed outdoor insulated piping.

B. Equipment Rooms and Finished Areas:

1. Insulation:  Not painted.

2. Hangers, Uninsulated Piping, Miscellaneous Iron Work, Structural Steel Stands, 
Uninsulated Tanks, and Equipment Bases:  Paint one coat of black enamel.

3. Steel Valve Bodies and Bonnets:  One coat of black enamel.

4. Brass Valve Bodies:  Not painted.
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5. Equipment:  
a. One coat of grey machinery enamel.  
b. Do not paint nameplates. 

6. Grilles, Diffusers, Registers:  Paint sheet metal and visible ductwork behind grilles, 
diffusers and registers flat black.

C. Concealed Spaces (above ceilings, not visible):

1. Insulation:  Not painted.

2. Hangers, Uninsulated Piping, Miscellaneous Iron Work, Valve Bodies and Bonnets:  Not 
painted.

D. Exterior Steel:  Wire brush and apply two coats of rust-inhibiting primer and one coat of grey 
exterior machinery enamel.

E. Roof Mounted Equipment:  Paint two coats of exterior machinery enamel.  Color as selected 
by Architect.  Where factory standard finish is indicated in the equipment specification, it is 
assumed that the standard finish is painted.

F. Exterior Black Steel Pipe:  Wire brush and apply two coats of rust-inhibiting primer and one 
coat of exterior enamel.  Painting schemes comply with ANSI A13.1.

3.08 ADJUSTING AND CLEANING

A. Before operating any equipment or systems, make thorough check to determine that systems 
have been flushed and cleaned as required and equipment has been properly installed, 
lubricated, and serviced.  Check factory instructions to see that installations have been made 
accordingly and that recommended lubricants have been used.

B. Use particular care in lubricating bearings to avoid damage by over-lubrication and blowing 
out seals.  Check equipment for damage that may have occurred during shipment, after 
delivery, or during installation.  Repair damaged equipment as approved or replace with new 
equipment.

3.09 ELECTRICAL EQUIPMENT

A. Ductwork or piping for mechanical systems not serving electrical space not installed in 
switchgear room, transformer vault, telephone room, or electric closet except as indicated.

B. Ductwork or piping for mechanical systems not to pass over switchboards or electrical 
panelboards.  Where conflicts exist, bring to attention of Architect.

3.10 EQUIPMENT CONNECTIONS

A. Make final connections to equipment specified in sections other than Division 23, HVAC of the 
specifications and Owner furnished equipment in accordance with manufacturer’s instructions 
and shop drawings furnished and as indicated.

B. Piping:

1. Connections include steam supply, steam vent, and condensate.
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2. Provide valves and specialties as specified and as detailed on the Drawings.  Provide 
increasers, reducers, and any other fittings required for complete installation.

3. Support piping connections independently to prevent undue strain on equipment.

C. Ductwork:  Make exhaust connections to fume hoods, emergency generator radiators, and 
any other processing, laboratory, or kitchen equipment in strict accordance with 
manufacturer’s instructions.

D. Engine Exhaust:  Make connections as necessary for complete working installation to the 
emergency generators as indicated and specified.

END OF SECTION 
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SECTION 23 09 00

INSTRUMENTATION AND CONTROLS FOR HVAC

PART 1 - GENERAL

1.01 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this Section.

B. The provisions of Division 23, HVAC, Section 23 05 00, Common Work Results for HVAC, 
apply to work specified in this Section.

1.02 SUMMARY

A. This Section includes: 

1. Control Devices

2. DDC Field Panels

3. Connection to Existing Network

4. BACnet Compatibility

5. Operator Interface System

6. Application Programs

7. Input/Output Functions

8. Uninterruptable Power Supply

9. Energy Management System

B. Related Sections include:

1. Section 22 05 93, Testing, Adjusting and Balancing for Plumbing

2. Section 23 21 13, Pipe and Pipe Fittings HVAC

3. Section 23 08 00, Commissioning for HVAC

1.03 QUALITY ASSURANCE

A. Provide control work by single company with specialists in the type of work required, so that 
only one control manufacturer is responsible for control and automation work for project.

B. Provide coordination with other contractors or subcontractors for work required by other trades 
for accomplishment of control work.
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C. Prior to substantial completion, controls contractor must demonstrate to Owner that system is 
operating per the Specifications and final adjustments have been made as approved.

D. System, including components and appurtenances, configured and installed to yield a Mean 
Time Between Failure (MTBF) of at least 1,000 hours.

1.04 SUBMITTALS

A. System Drawings: Prepare on AutoCAD format and include the following:

1. Equipment installation, block diagrams, and wiring diagrams.

2. DDC panel physical layout and schematics.

3. Sensor and control wiring and installation drawings which identify each component and 
show interconnected or interlocked components.

4. Material and equipment descriptive material such as catalog cuts, diagrams, performance 
curves, and other data to demonstrate conformance with specifications.

5. Details of connections to power sources, including grounding.

6. Details of surge protection device installations.

7. Instrumentation and control diagrams.

8. Complete a written description of control sequences.

9. List of connected data points, including DDC panels to which they are connected, and 
input device (sensor, etc.).

10. Valve and damper schedules indicating flows, pressure drops, CVs, and actuator type.

11. Graphics: System graphics for review prior to implementation of programming.

B. Equipment Data: Complete data for materials, including field and system equipment.

C. Software Data: 

1. Submittals consist of complete descriptions of system, command, and applications 
software as specified.  

2. Include description of control sequences which are software based using detailed logic 
flow diagrams. 

3. Diagrams indicate logic used to achieve control sequence of calculation specified, and 
show relationship between control sequence and application software packages 
specified.

D. Testing Submittals: 

1. Provide test plan and test procedures for approval. 
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2. Explain in detail, step-by-step actions and expected results to demonstrate compliance 
with the requirements of this specification and methods for simulating necessary 
conditions of operation to demonstrate performance of the system. 

3. Test plan and test procedures demonstrate capability of system to monitor and control 
equipment and to accomplish control and monitoring specified.

E. Operation and Maintenance Manuals: 

1. Provide three complete sets of manuals bound in loose-leaf binders within 30 days after 
completing acceptance tests. 

2. Identify each manuals contents on cover. 

3. Manuals include names, addresses, and telephone numbers of each subcontractor 
installing equipment and systems and of nearest service representatives for each item of 
equipment and each system. 

4. Place tab sheets at beginning of each chapter or section and at beginning of each 
appendix. 

5. Final copies delivered after completion of the acceptance tests include modifications 
made during installation, checkout, and acceptance. 

6. Operation and Maintenance Manuals to include hardware manual, software manual, 
operations manual, and maintenance manual.

7. Hardware Manual: Furnish a hardware manual describing equipment provided, including:
a. General description and specifications.
b. Installation and checkout procedures.
c. Equipment electrical schematics and layout drawings.
d. System schematics and I-O wiring lists.
e. Alignment and calibration procedures.

8. Software Manual: 
a. Describe furnished software.  
b. Oriented to programmers and describe calling requirements, data exchange 

requirements, data file requirements and other information necessary to enable 
proper integration, loading, testing, and program execution.  

c. Provide one software manual per Operator’s Terminal.

9. Operator’s Manual:  Provide procedures and instructions for operation of the system, 
including:
a. DDC Panels and Peripherals
b. System start-up and shutdown procedures.
c. Use of system, command, and applications software.
d. Alarm Presentation
e. Recovery and Restart Procedures
f. Report Generation
g. System Schematic Graphics
h. Provide one Operator’s Manual per Operator’s Terminal

10. Maintenance Manual:  Provide descriptions of maintenance for equipment including 
inspection, periodic preventive maintenance, fault diagnosis, and repair or replacement of 
defective components.
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11. Acceptance Test Forms:  Maintenance manual includes copies of signed-off acceptance 
test forms.

1.05 ACCEPTANCE TESTING AND TRAINING

A. Site Testing:

1. General:  Provide personnel, equipment, instrumentation, and supplies necessary to 
perform testing.  Owner or Owner’s representative will witness and sign off on 
acceptance testing. 

2. Acceptance Test:  Demonstrate compliance of completed control system with contract 
documents.  Demonstrate using approved test plan, physical and functional 
requirements.

B. Training:

1. General: 
a. Conduct training courses for designated personnel in operation and maintenance of 

system. 
b. Oriented to specific system being installed under this contract. 
c. Provide trainee with two additional copies provided for archival at project site. 
d. Manuals include detailed description of the subject matter for each lesson.  
e. Delete copies of audiovisuals to Owner. 
f. Training day is defined as 8 hours of classroom instruction, including two, 15-minute 

breaks and excluding lunch time, Monday through Friday, during normal first shift in 
effect at training facility.  

g. Notification of any planned training given to the Owner’s representative at least 
15 days prior to the training.

2. Operator’s Training I: 
a. Teach first course at supplier’s facility for period of two consecutive training days. 
b. Upon completion, each student, using appropriate documentation, perform 

elementary operations with guidance and describe general hardware architecture 
and functionality of system. 

3. Operator’s Training II: 
a. Teach second course at project site for a period of one training day after completion 

of Contractor’s field testing. 
b. Include instruction on specific hardware configuration of installed system and 

specific instructions for operating the installed system. 
c. Upon completion, each student able to start system, operate the system, recover the 

system after failure, and describe the specific hardware architecture and operation 
of system.

4. Operator’s Training III: 
a. Teach third course at project site for period of one training day no later than six 

months after completion of the acceptance test. 
b. Structure course to address specific topics that students need to discuss and to 

answer questions concerning operation of system. 
c. Upon completion, students fully proficient in system operation and have no 

unanswered questions regarding operation of installed system.
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PART 2 - PRODUCTS

2.01 ACCEPTABLE MANUFACTURERS/INSTALLERS

A. Acceptable Manufacturers/Installers:

1. Automated Logic by Airco Automation

2. Delta Controls by Trinity EMCS

3. Alerton by Syzerco

4. APOGEE system by Siemens Building Technologies.

5. Johnson Controls by JCI

6. Unless otherwise noted, installed by manufacturer.

7. Trane installed by Trane

B. Other Manufacturers: Submit substitution request.

2.02 SYSTEM DESCRIPTION

A. General:

1. Provide a complete control system, consisting primarily of electronic direct digital control 
devices.

2. System consists of modular and distributed microprocessor based control and monitoring 
units connected together by communications trunks.  Capable of global data sharing and 
communication between controllers.

3. System architecture distributed and not rely on central processing unit (CPU) for sharing 
point data between controllers, or for control functions requiring data from other 
controllers.

4. Multipurpose controller(s) consisting of CPU, system program, memory, power supply, 
and input/output drivers which communicated with terminal equipment controllers through 
a communications network.

5. Provide operator’s interface.

6. Provide equipment, installation, wiring, and accessories as required but not necessarily 
specified to accomplish operations as described.

B. Environmental Conditions: The 

1. Rate DDC panels and other field equipment for continuous operation under ambient 
environmental conditions of 35 degrees F to 120 degrees F dry bulb and 10 percent to 
95 percent relative humidity, noncondensing. 

2. Instrumentation and control elements rated for continuous operation under the ambient 
environmental temperature, pressure, humidity, and vibration conditions specified or 
normally encountered for the installation. 
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3. Install control devices in an enclosure suitable for the installed environment.

C. System Accuracy and Display:

1. DDC system to control space temperature with a range of 50 degrees F to 85 degrees F 
±1 degrees F for conditioned space (display to nearest 0.5 degrees F); 15 degrees F to 
130 degrees F ±1 degrees F for unconditioned space (display to nearest 0.5 degrees F).  
Return air humidity controlled to 20 percent RH to 35 percent RH ±3 percent RH.

2. DDC system to control duct temperature with a range of 40 degrees F to 140 degrees F 
±1 degrees F (display to nearest 0.5 degrees F).

3. Water temperature with a range of 30 degrees F to 100 degrees F ±1 degrees F (display 
to nearest 0.5 degrees F); the range of 100 degrees F to 300 degrees F ±2 degrees F 
(display to nearest 0.5 degrees F); and water temperatures for the purpose of performing 
BTU calculations using differential temperatures to ±0.5 degrees F using matched 
sensors (display to nearest 0.5 degrees F).

4. Pressure with a range for the specific application ±5 percent of range.

2.03 MATERIALS AND EQUIPMENT

A. Piping:

1. General:
a. Label tubing with numbers shown on control drawings.
b. Provide sufficient gauges so that the input and output pressures of each device may 

be determined at or near its location.  Show gauges on control diagram.  Provide a 
gauge at each AO point.

c. Air Mains: 3/8-inch OD minimum; branch air lines sized 1/4-inch OD minimum.  5/32-
inch tubing may be used in multi-tube sheathes only.

d. Run piping parallel to established lines, installed in neat and professional manner.

2. In Mechanical Rooms and Other Exposed Locations:
a. Hard drawn copper tubing with soldered fittings, with compression fittings only at 

control instruments and controlled devices.
b. At supplier’s option, soft copper or polyethylene tubing may be used in accessible 

areas, supported in an enclosed gutter or conduit.

3. In concealed locations such as above ceilings and within walls of finished spaces, 
plenum rated polyethylene tubing may be used.

4. Use Type L hard drawn copper tubing for pneumatically actuated smoke dampers and 
control devices providing smoke control functions.

B. Duplex Instrument Air Supply Station:

1. Provide supply air to HVAC and plumbing control equipment, including terminal units, fan 
powered boxes, fans, etc.  Include devices in air compressor sizing calculations.

2. Provide a complete standby for both the compressor and dryer.  Arrange standby 
compressor to provide required amount of compressed air whenever system pressure 
drops below temperature control manufacturer’s recommended operating pressure.  
Starting of standby compressor completely automatic to provide uninterrupted service.  
Sufficient capacity to supply the entire building under normal conditions with compressor 
running at full load not over 33 percent of the time.
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3. Provide reciprocating piston type compressors with design life of not less than 20,000 
hours elapsed running time before major overhaul is required.  Oil lubricated 
compressors utilizing cylinder lubrication in which oil is directly introduced into 
compression chambers or in which crankcase fumes are directed into suction inlets will 
not be permitted.  Oil consumption not to exceed three fluid ounces per 100,000 scfm of 
delivered air.  Piston speeds not to exceed 450-feet per minute.

4. Provide each compressor with intake air cleaner, discharge stop valve, and pressure 
relief valve.  Relief valve, placed between compressor and the discharge stop valve, set 
for pressure of 10 psi above control switch cutout pressure.  Cleanable and impingement 
type intake air cleaners.

5. Each compressor driven by electric motor wound for the current available.  Control by 
pressure operated, enclosed pilot switch connected to motor starter.  Pressure switches 
for start/stop control set to operate between 80 and 100 psi.  Equip system with electrical 
duplex controller, starters, and disconnect switches, thus permitting automatic alternate 
operation of each system and automatic simultaneous operation upon demands 
exceeding capacity of either system.

6. Provide each compressor and motor with a cast iron or steel base mounted on air tank or 
on separate concrete foundation.  Provide vibration isolation per Section 23 05 48, 
Vibration and Seismic Controls of HVAC Piping and Equipment.  ASME approved.  Size 
for no more than 12 compressor starts per hour, 33 percent run time.

7. Provide compressor with filtering and air drying system on leaving side.  Supply at 
required rate, air having a dew point of not more than 20 degrees F at 20 psi and having 
entrained particle size of not more than 5 microns.  Self contained air drying system, 
mechanical refrigeration type using air-cooled condenser.  

8. Condensing Unit:  
a. Provide devices for automatic draining of condensed water and oil.
b. Electrically interlocked through relay or temperature sensing device, so whenever 

condensing unit fails to operate, it will alarm at the operator’s terminal.

9. Moisture Eliminator:  Provide before final filter. 

10. Alarm:  Alarm activated by air pressure failure. 

11. Refrigeration Unit Motor:  
a. Suitable for continuous operation at 40 degrees C ambient temperature. 
b. Capacity rated with ambient temperature. 
c. Rated with ambient temperature of not more than 120 degrees F and with minimum 

suction temperature of 35 degrees F. 
d. In accordance with the Safety Code for Mechanical Refrigeration, USASI-B-9.1.

C. Controls and Power Wiring:

1. General: 
a. Electric equipment and wiring in accordance with Division 26, Electrical.  
b. Manual or automatic control and protective or signal devices required for operation 

specified, and control wiring required for controls and devices. 

2. Wiring:
a. Field and Subfield Panels: 

1) Voltage in panels not to exceed 120V.  
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2) Devices wired to higher voltages, mount in suitable individual enclosures or 
group in separate control panel.  

3) Coordinate electrical power supply with Division 26, Electrical.
b. Motor Control Centers: Responsibility for correct voltage of holding coils and starter 

wiring in pre-wired motor control centers interfacing with automatic controls is 
included hereunder.

c. Wiring for DDC systems communications buses two conductor minimum 18 gauge 
foil-shielded, stranded twisted pair cable rated at 300 VDC or more than 
80 degrees C.

3. Communications Links Surge Protection: 
a. Protect communications equipment against surges induced on communications link. 
b. Cables and conductors which serve as communications links to have surge 

protection circuits installed that meet the requirements of REA PE-60d.

4. Communications Links Overvoltage Protection: 
a. Protect communications equipment against overvoltage on communications link 

conductors.  
b. Cables and conductors which serve as communications links have overvoltage 

protection for voltages up to 480 VAC rms, 60 Hz installed.  
c. Instrument fuses or fusible resistors are acceptable for this application.

5. Power Line Surge Protection: 
a. Protect equipment connected to AC circuits from power line surges.  
b. Do not use fuses for surge protection.

D. Control Panels:

1. Provide wall-mounted control panels to contain relays, terminal strips, power supplies 
and other equipment in building control system.

2. UL listed, minimum NEMA 1, minimum 14 gauge steel with stiffeners, continuous hinge 
doors, locking handles, single point latch.

E. Section 23 52 00, Heating Boilers:

1. Mount boiler management system (BMS) control panels. 

2. Provide and install wiring required for boiler controls.

2.04 CONTROL DEVICES

A. Temperature Instruments:

1. Room Temperature Sensors: Platinum RTD type with accuracy of ±0.4 degrees F at 
70 degrees F; operating range 30 to120 degrees F; linear to DDC system; single point 
sensing element in wall-mounted ventilated enclosure with insulating backplate if 
mounted on exterior wall.
a. Sensor not to have digital readout display.
b. Sensor has user adjustment based on DDC programmed offset.

2. Duct Temperature Sensors: Platinum RTD element with accuracy of ±0.5 degrees F at 
32 degrees F, averaging type consisting of array of single point sensing elements, 
securely mounted in duct or plenum; operating range 0 to 100 degrees F; linear signal; 
20-foot element.
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3. Outside Air Temperature Sensor: Platinum RTD element with accuracy of ±0.5 degrees F 
at 32 degrees F; Range -60 to 100 degrees F, single element, linear, with weather and 
sun shield for exterior mounting.

4. Low Temperature Limit Thermostat: Minimum 20-foot capillary sensing element, 
triggering on low temperature as sensed by any 6-inch segment; snap acting, normally 
open contacts, manual reset, line voltage.

5. Liquid Immersion Temperature Sensor: Platinum RTD element, with accuracy of 
±0.5 degrees F at 32 degrees F, stainless steel well and assembly, range 40 to 
240 degrees F.

6. Pneumatic Room Thermostat: Two-pipe relay type with concealed adjustment, and no 
thermometer, blank cover secured with Allen screws.

B. Humidity Instruments:

1. Space Humidity Sensors: Operating range 10 to 95 percent relative humidity, accuracy 
±5 percent, surface mounted ventilated enclosure for wall mounting.
a. Sensor to not have digital readout display.
b. Sensor to have user adjustment based on DDC programmed offset.

2. Duct Humidity Transmitter: Capacitive type sensor and transmitter, linear output signal, 
automatic temperature compensating, air filter, ±2 percent RH accuracy from 0 to 
100 percent RH, industrial quality.

C. Motorized Control Dampers: 

1. Multi-blade air foil type, except where either dimension is less than 10 inches a single 
blade may be used.  Maximum blade length to be 48 inches.  Provide parallel blades for 
positive or modulating mixing service and opposed blades for throttling service.  Blades 
to be interlocking, minimum 16 gauge galvanized steel. 

2. Compression type edge seals and side seating stops.  Reinforced damper blades have 
continuous full-length axle shafts, axle to axle linkage, and/or operating jackshafts as 
required to provide coordinated tracking of blades.  Over 25 SF in area to be in two or 
more sections, with interconnected blades.  Maximum air leakage of 3 cfm per square 
foot at 1-inch wg pressure.  Provide automatic dampers except those specified to be 
provided with units.  Tested in accordance with AMCA Standard 500. Based on Ruskin 
CD-60.

D. Motorized Valves: 

1. Equip with equal percentage with tight shutoff.  Two position valves line size (full port two 
position ball valves), modulating water valves sized at 5 psi drop or as shown on the 
Drawing. 

2. Screwed ends except 2-1/2-inch and larger valves with flanged ends. 

3. Select valves to modulate smoothly at system pressures and flows. 

4. Select valves with close-off ratings and spring ranges designed to operate at the 
maximum flows and maximum available pump heads scheduled without leakage. 
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5. Bubble tight butterfly valves acceptable on 2-1/2-inch lines and above for two-position 
action only. 

6. Air handling unit heating and cooling coil valves sized for 5 psi drop, unless otherwise 
noted on drawings.

E. Valve and Damper Operators:

1. Electronic modulating actuators with low voltage DC or current positioning signal. 

2. Each actuator have the current limiting circuitry incorporated in its design to prevent 
damage to the actuator. 

3. Provide modulating actuators and accept 0-10 VDC or 2-10 VDC or 4-20 mA input signal. 

4. Actuators provide the minimum torque required for proper close-off against the system 
pressure for the required application. 

5. Spring return feature permits normally open or normally closed positions of the valve or 
damper. 

6. Direct shaft mount rotational actuators have external adjustable stops to limit the travel in 
either direction.

7. Actuators powered by 24 VAC. 

F. Flow Switches:

1. Provide McDonnell Miller or approved equal. 

2. Install in piping in such a manner so as to eliminate nuisance fluttering. 

3. Provide time delay relays where required to eliminate false alarms when equipment is 
started. 

4. Differential pressure type. 

5. Current switches set for pump or fan normal current ranges are acceptable.

G. Electric Solenoid Operated Pneumatic (EP) Valve: 

1. EP valves have three part operation -- common, normally open, and normally closed. EP 
valves.

2. Rated for 25 psig when used in control system operation at 20 psig or less or rated at 
150 psig when used in control system operation from 25 to 100 psig.

H. Differential Pressure Switch: 

1. Required for proof of flow on fans and pumps.  

2. Setpoint adjustable with operating range of 0.5 to 12-inches W.G. for fans, and 5 to 30-
feet wc for pumps.  

3. Close when set pressure differential is met or exceeded.
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I. Differential Pressure Transducer: 

1. Provides value of pressure drop across filter bank through DDC system.  

2. Operating range 0 to 2-inches wc, linear, accurate to ±2.5 percent of span.

J. Duct Static Pressure Transmitter: 

1. Operating range 0 to 5-inches wc for duct mounted transmitter and 0 to 5-inches wc for 
fan high limit transmitters.  

2. Sensors either diaphragm or rigid element bellows, electronic type.  

3. Provide transmitter with stop cock and tubing for attacking portable pressure gauge.  

4. Sensing tube securely mounted in duct with appropriate fitting.  

5. Accuracy ±1 percent of span, maximum response time 1 second.

K. Current Transformer:

1. Current status switch, adjustable setpoint 1-135A, ±1 percent of range, capable of 
monitoring motor’s status and detection of belt breaking or slipping. 

2. Hawkeye 700, or approved equal.

L. Building Static Pressure Transmitter: 

1. Operating range of -0.1 to 0.1-inches wc, linear to DDC system. 

2. Sensing tubes located inside and outside building use shielding and/or surge tanks to 
minimize effects of wind.  

3. Accuracy ±1 percent of span.

M. Piping Pressure Transmitter: 

1. Operating range 0 to 50 psig, linear to DDC. 

2. Provide threadolet for mounting to pipe installed by others . 

3. Accuracy ±1 percent of range.

N. Products of Combustion Detectors:  Duct smoke detectors are provided under Division 28, 
Electronic Safety and Security with single set of SPDT auxiliary contacts for control contractor 
connection.

O. Emergency Stop Switch: Red, mushroom type, pull out to operate.

P. End Switches: Turret head type SPDT.  Square D Class 9007, Type C54B2, or equal.

Q. VAV Actuators: 

1. Proportional 24 VAC actuators using a 4 to 20 mA range of control signals.  
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2. Automatically stop at end of travel and include a permanently lubricated gear train.  

3. Furnished by the controls manufacturer and factory installed and tested by the terminal 
unit manufacturer.

R. Carbon Dioxide Sensor: 

1. Infrared sensing, Carbon Dioxide gas monitor.  Based on Airtest TR9290 series.

2. Detection Range: 0-2000 ppm

3. Accuracy: +/- 3 percent of measured value

4. Response Time: 2 minutes

5. Outputs: 0-10V, 4-20 mA

6. Calibration: Self-calibrating, calibration not required

7. Power Requirement: 24 VAC/VDC ±20 percent, 50-60Hz (half-wave rectified)

8. Operating Temperature Range: 32 degrees F to 122 degrees F

9. Operating Humidity Range: 0 percent - 95 percent RH, Non-Condensing

10. Display: Sensor [be provided] [not be provided] with digital display.

S. Water and Steam Flow Meters: 

1. Provide Vortex flow meter that provides output signals, which are linear with the flow rate. 

2. Accuracy +/-1 percent of measurement for volumetric flow rates greater than 5 percent of 
specified maximum flow rate for each building. 

3. Flowmeters provide specified accuracy when installed and configured for upstream 
minimum straight runs of 24 inches. 

4. Vortex flow meters will be Intelligent microprocessor-based, with integral LCD digital 
Display/Configurator allowing complete commissioning and operation without external 
programming devices. 

5. Meter design will permit maintenance and repair of flow sensor and electronics without 
removing the meter from line or shutting down steam flow. 

6. Flowmeter:  Turn down ration of 50:1 or higher. 

7. Meter have ANSI 150 flanged end connections, wafer style not acceptable. 

8. Flange size of the adjoining pipe the same nominal size as the flow meter. 

9. Mount flow meter in a straight, unobstructed pipe with a minimum of 10 pipe diameters 
upstream of the meter and 5 pipe diameters downstream, compensating for any induced 
flow effects according to manufacturer’s recommendations.
a. Maximum Operating Pressure: 400 psi
b. Output Signal: Analog 4-20mA signal
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c. Supply Voltage: 24VDC
d. Interrogation: FoxCom version
e. Based on: FoxBoro I/A Series Intelligent Vortex Flow Meter 83

T. Water Flow Meters: Provide insertion electromagnetic flow meters.

1. Accuracy: ± 1 percent of reading from 0.25-20 ft/sec

2. Liquid Temperature Range: 15-300 degrees F

3. Maximum Operating Pressure: 400 psi

4. Output Signal: Analog 4-20mA signal

5. Pipe Size Range: Minimum 3-inch

6. Installation: 15 pipe diameters up and 5 pipe diameters down, or manufactures 
recommendations

7. Display: Sensor [be provided] [not be provided] with digital display. [Provide BTU meter 
Onicon system 10]

8. Based On: Onicon F-3500

U. Natural Gas Sub-Meter

1. Electromagnetic flow meter, insertion type.
a. Accuracy: ±1 percent of reading from 500-7000 SFPM
b. Output Signal: Analog 4-20 mA signal
c. Display: Digital 
d. Based On: Onicon F-5100

V. Airflow Stations:

1. Air Flow Station (Duct Mounted):
a. Acceptable Manufacturers: 

1) Ebtron
2) Kurz

b. General:  Electronic air measuring system consisting of thermistor based sensor grid 
and microprocessor based electronics.

c. Sensor Probes:  Thermistors probes and linear ICs, aluminum casing, duct 
mounted, wiring Teflon or kynar coated and encased, 20 degrees F to 
160 degrees F operating range, weather resistant finish, flanged welded aluminum 
frame.

d. Microprocessor and Electronics:  Solid state microprocessor, permanent non-volatile 
memory, regulated power supply, software based system, 0-5 vdc, 0-10 vdc, or 4-20 
mA signals, linear flow and temperature outputs, line surge and transient protection.

e. Performance: 
1) ±2 percent, +20 fpm across total calibrated range of 0 to 5000 fpm, for duct 

mounted, 0-10,000 fpm for fan inlet mounted, repeatability better than ±0.4 
percent of reading.  

2) Pressure drop not tp exceed 0.005-inch wg at 2000 fpm.
f. Based On:  Ebtron-Duct mounted XP000 series.



INDIAN VALLEY CAMPUS COLLEGE OF MARIN
BUILDING 11 RENOVATION MARIN COMMUNITY COLLEGE DISTRICT

ADDENDUM #2 ISSUED:  2017-10-09 INSTRUMENTATION AND CONTROLS FOR HVAC
171006CM11/brick project no. 16-148.01 23 09 00 - 14

2. Air Flow Station (Fan Inlet):
a. Acceptable Manufacturers: 

1) Ebtron
2) Air Monitor
3) Paragon
4) Pace
5) Or approved equal.

b. Fan inlet airflow traverse probe, multiple total and static pressure sensors place at 
concentric area centers along exterior surface of cylindrical probe, internally 
connected to averaging manifolds.

c. Dual end support swivel brackets suitable for mounting in fan inlet bell, aluminum 
construction, hard anodized finish.

d. Probes capable of producing steady, non-pulsating signals of standard total and 
static pressure, without need for flow corrections or factors with an accuracy of 3 
percent of actual flow over a fan operating range of 6 to 1 capacity turndown.

e. Based On: Fan Inlet XF000 series.

3. Automatic Air Flow Station Measuring Damper:
a. Acceptable Manufacturers: 

1) Ruskin IAQ50X
2) Greenheck AMD-42
3) Tamco/Ebtron Air-IQ
4) Or approved equal.

b. Description: Automatic control damper with integral electronic airflow measuring 
system.

c. Dampers: 
1) Multi-blade, airfoil type, extruded aluminum.
2) Full-length axle shafts.
3) Damper blades operate in unison.
4) Dampers exceeding 25 SF in area in two or more sections.
5) Assembled depth not to exceed 18 inches.
6) Leakage rating not to exceed 4 cfm/sf at 1-inch static pressure when tested in 

accordance with AMCA Standard 500D.
d. Damper Actuator:

1) 24 VAC electric modulating.
e. Air Flow Measurement Assembly: Includes airflow measuring station, controller, and 

associated tubing and connections.
1) Measuring Range: 300 fpm to 2,000 fpm velocity.
2) Accuracy: ±5 percent of reading.
3) Solid state microprocessor.
4) Linear flow output.
5) Line surge and transient protection.
6) Input Signal: 0-10 VDC.
7) Output Signal: 0-10 VDC.

W. Airflow Transmitters: 

1. Provide transmitter with 4-20 mA output signal, accurate to ±0.25 percent for full range, 
range selected based on the actual flow element and expected velocity pressure, and 
linear output on velocity turndown of 10 to 1. Setra Model C264. 

2. Provide a calibration certificate for each unit.
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X. Window Switch: Magnetic contact switch.

1. Acceptable Manufacturers:
a. Sentrol
b. GE Security
c. Other Manufacturers: Submit substitution request

2. Magnetic type contact switch, flush mount, concealed within window frame.

3. Switch provides input to Building Management System on status of window 
(open/closed).

Y. Leak Detection System: 

1. Provide complete system including alarm module with audible alarm and contacts for 
connection to building DDC control system, sensing cable, leader cable, jumper cables, 
end terminations, hold-down clamps and other required accessories. 

2. Tracetek by Tyco Thermal Controls, or equal.

2.05 DDC FIELD PANELS

A. Multipurpose Controllers:

1. Stand-alone microprocessor based panels, enclosed in sturdy metal enclosure with two 
standard RS232 interface ports, network communications module, power supply, and 
battery back-up.

2. Panels will be used to connect field sensors and control devices.  Fully supervised to 
detect failures.  Construct panel so that functions are implemented on replaceable circuit 
boards to permit field maintenance.  Panels completely field programmable through 
portable terminal.  Minimum 8-hour battery backup system.

3. Link panels with data trunk cable to other controllers and Operator’s Terminals to 
distribute information.  Field panels continuously exchange data through trunk cable 
without requiring output to input wiring between panels.  Arrange system so operations 
are maintained without the central computer being connected to the system.

4. Upon failure of the DDC field panel, including transmission failure, the panel 
automatically forces the controls to remain in the last command status.

5. Provide a real time clock with calendar maintaining seconds, minutes, hours, and days of 
the week, accurate to ±10 seconds per day.

6. Provide sufficient memory to perform specified and shown DDC field panel functions and 
operations, including spares. Each DDC panel to have 10 percent minimum spare 
memory board spacing.

7. DDC field panel contain hardware to support power fail automatic restart.

8. Provide locking type mounting cabinets with common keying.

9. DDC field panel have built-in diagnostics to display to operator interface terminal any 
sensor transmitting signal out of its design range.
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10. Control logic done with software resident in each local DDC panel. Auxiliary relays may 
be used only when required for load contact rating.

11. Panels UL listed.

B. Terminal Equipment Controller:

1. Provide for each piece of equipment, as specified.  Include point inputs and outputs as 
necessary to perform specified control sequences.

2. Each controller performing space temperature control provided with a matching room 
temperature sensor.  Include terminal jack to monitor hardware and software associated 
with controller.

3. Include setpoint adjustment dial, temperature indicator, and override switch for each 
sensor.  

4. Override Switch:  
a. Override night setback mode to normal (day) mode when activated by occupant.  
b. Adjustment dial and override switch may be locked out, overridden, or limited 

through software from central work station or portable terminal.

5. Independent of other network communications.  Receive real time data from central work 
station or multipurpose controller.

6. Proportional, integral, and derivative (PID) algorithms field adjustable.

7. Data base and sequence of operation programs stored in non-volatile EEPROM and 
EPROM.

8. Controllers networked through communications link to the multipurpose controller.

9. Power controllers from 24 VAC source.  Provide dedicated power source.  Coordinate 
with Division 26, Electrical

10. VAV box controllers include differential pressure transducer connected to manufacturers 
standard velocity sensor, and include provisions for both automatic and manual 
calibration of transducer to ensure against drift.  Incorporate algorithm to allow for 
modulation of hot water heating valve, and supplementary hot water radiation valve.  
Fan-powered terminal units control series or parallel fan as appropriate.  Provide fan 
status proof current switch.

2.06 CONNECTION TO EXISTING NETWORK

A. General: Communication between peer-to-peer DDC control panels via TCP/IP over the 
existing Ethernet system.

B. Provide software and system integration to seamlessly integrate to the existing server for 
common system graphics, alarming, paging out of alarms via existing paging system.

2.07 BACNET COMPATIBILITY

A. DDC System and components BACnet Data Communications Protocol compliant.
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B. System fully integrated and installed as a complete package of BACnet compliant controls and 
instrumentation.

C. Capable of seamless BACnet integration with existing BACnet compliant devices as well as 
future BACnet compliant devices.

D. No portals or third party devices required for integration with existing or future equipment.

E. Devices utilized in the BACnet interface BACnet Testing Laboratories (BTL) listed and labeled.

2.08 OPERATOR INTERFACE SYSTEM

A. Operator Workstation: 

1. Provide personal computer that performs data access, operator’s commands, alarm 
management, requests for reports, file generation, diagnostics, and modifications. Control 
system not dependent on Operator Workstation for operation. Computer to be used for 
operator interface. 
a. CPU: Windows compatible computer using current microprocessor technology 

operating at minimum of 2.8 GHz with 512 MB RAM.
b. Display Unit: Minimum 17-inch (nominal) flat screen color monitor, supporting a 

minimum display resolution of 1280x1024 pixels, with separate controls for color 
contrast and brightness, and non-reflective screen. 

c. Video Card: Minimum 64 MB RAM capable of supporting a minimum of 1280x1024 
resolution with a minimum of 32 Bit color.

d. Drives: Minimum 120 G byte hard disc, CD Read/Write, DVD player.
e. Alphanumeric Keyboard and Mouse: Provide an alphanumeric keyboard with 

standard 96 character ASCII set output. Provide a “mouse” input device with pad.
f. Printers: System printers are to be of the color ink jet type operating under software 

control as specified in the software section of this specification. 
g. Operating System: Windows XP, 2000 or comparable.

B. Web-Based Access:

1. Provide a web-based controls interface with at least 3 user login accounts and password 
each with the capability of different access privileges that performs data access, 
operator’s commands, alarm notification, requests for reports, file generation, 
diagnostics, and modifications. 

2. Controls accessible in mechanical room by direct connection from a laptop to a data port. 

3. Provide a temporary computer located on-site in the mechanical room until the 
commissioning, testing, and balancing has been completed. 

4. Proovide a temporary computer located on-site in the mechanical room, with software 
and capabilities necessary to support commissioning, testing, and balancing and other 
activities required for project completion.

C. Graphics: Provide a complete graphics package with the following features:

1. Provide separate schematic diagram depicting each system.  Diagrams to show major 
components such as fans, dampers, heating and cooling coils, humidifiers, pumps, heat 
exchangers, chillers, boilers, towers, ductwork, piping, etc., arranged to convey to viewer 
system configuration and flow of each system.
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2. Provide plot plan, riser plan, and selected floor plans of buildings with the location of each 
mechanical room and major equipment location indicated.

3. Provide symbols superimposed on each schematic to indicate each control device 
including control valves, damper motors, temperature sensors, pressure sensors, etc. 
Provide real time dynamic displays of the temperature, humidity, pressure, flow rate, run 
status, alarm status, and etc., adjacent to each control symbol.  Arrange CPU to update 
each displayed analog and digital value minimum of every 15 seconds.

4. Provide indication of setpoints, with each setpoint value located adjacent to each sensed 
value.

5. Provide means to allow the user to easily change or add graphics via computer assisted 
drawing function utilizing freehand mouse.

6. Provide means to allow user to transfer repeated system schematics and symbols 
between graphics without redrawing them.  Provide symbol library arranged to store 
commonly used symbols.

7. Provide a telescoping or zoom program to allow use to move from plot plan to 
mechanical room plan to system graphic to control device display by simply clicking the 
mouse.

8. Provide dual function windowing program to allow user to view a split screen and toggle 
between simultaneous operations.

D. Trend Data Collection and Historical Data:

1. Provide trending capabilities that allow the user to easily monitor and preserve records of 
system activity over an extended period of time.  System point may be trended 
automatically at time-intervals, time-synchronized intervals, change of value, or by event 
user-definable.  

2. Collect and store trend data on hard disk for future diagnostics and reporting.  Automatic 
trend collection may be scheduled of zones, events, and reports.  Archive to network 
drives or removable disk media for future retrieval.

3. Allow the user to view trended point data.  Display data in both tabular and graphical 
format.  Reports may be customized to include individual points or predefined groups of 
selected points.  Provide additional functionality to allow predefined groups of up to 250 
trended points to be easily transferred online to Microsoft Excel.

4. Provide the following trend data for review by the commissioning agent:
a. Adequate trending data maintained to evaluate system performance and diagnose 

system problems.  Controls Contractor is responsible for trending points necessary 
to evaluate controlled equipment.  Controls Contractor to coordinate with the Cx 
regarding trend intervals and specific points to be trended.  The following systems 
trended and trend data provided for review by the engineer and commissioning 
agent at 15-minute intervals unless otherwise directed.

b. Building electrical, natural gas, domestic water, heating water flow.
c. Monitored temperatures including but not limited to space, supply, return, outside 

air, mixed air, chilled water, heating water, steam, pumped condensate, and etc.
d. Occupancy modes as they apply to each piece of controlled equipment including but 

not limited to optimal start, occupied, unoccupied, temporarily occupied (override, 
etc.), night low limit, night high limit, night purge.

e. Motor run commands and motor proofs for fans and pumps.
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f. VFD Speeds for controlled equipment.
g. Measured airflows for both air handlers and volume control units.
h. Damper positions for both air handlers and volume control units.
i. Heating and cooling valve positions.
j. Occupancy sensor indications used for HVAC control.
k. Set points including but not limited to occupied and unoccupied space temperature, 

supply air temperature, hydronic supply temperature, radiant heating and cooling 
temperature, pumping pressure, fan static pressure, etc.

l. Supporting information necessary to evaluate setpoint reset sequences.
m. Operating schedules for controlled equipment.
n. Loop tuning variables.

2.09 APPLICATION PROGRAMS

A. General: Provide user-programmable DDC system programs with library of base-level 
predefined functions with user specified parameters.

B. Time of Day Scheduling:

1. Six schedules for equipment operation.

2. Seven unique days per schedule.

3. Program individual time cycle capability for each piece of equipment.

C. Control Priorities:

1. Provide an effective order of control priorities such that each succeeding level of 
optimization does not interfere with a more critical function.  Alarm actions and manual 
commands from the operator to override lower level functions (such as duty cycling or 
scheduling).

2. Events, initiated outside the DDC system causing equipment shutdown automatically 
reset when events causing the shutdown is cleared, such as power failure or fire alarm.  
(when fire alarm system is cleared and reset, air handlers, etc., sequentially restart). 

3. Alarms within the control system (such as freeze protection), mechanical equipment 
(such as air handlers) restart after the alarm condition is manually reset.

D. Alarms: Provide the following alarm processing capabilities:

1. Connected status or analog point may be designated as alarm input point.

2. Start/stop points with status feedback as well as associated analog alarms have a user-
programmable inhibit time assigned to each point to prevent nuisance alarms from 
occurring during startup of HVAC equipment.

3. Each alarmable point have change-of-state priority assignment assignable at 3 levels.  
One each for its level of criticality.  
a. Low :  Maintenance alarms
b. High:  Critical HVAC equipment alarms
c. Emergency:  Life safety alarms.
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4. User may designate which conditions of alarm cause alarms to be initiated for display.  
The user may also designate alarm message for alarm condition and for return to normal 
condition as desired.  Each message may be up to 32 characters in length and up to 32 
messages are available in each digital management system.

5. Provide for orderly display of alarms based on criticality (i.e., if two or more alarms occur 
simultaneously); alarm with highest level of priority displayed first.

6. User may designate which conditions of alarm cause alarms to be initiated for display.  
User may also designate alarm message for alarm condition and for return to normal 
condition as desired.  Each message may be up to 80 characters in length.

7. Provide automatic phone dialing feature with the capability to report a general alarm 
recorded message.

E. Security:  Support multi-level password access with the following minimum access levels:

1. Read-only level, without capability of changing any part of software.

2. Adjustment level, allowing operator to adjust setpoints and schedules, force outputs 
on/off, but not to modify programming.

3. Full programming access.

4. Supports additional levels of programming access.

F. Power Failure: In the event of the loss of normal power, orderly shutdown of controllers to 
prevent the loss of database or operating system software.  Non-volatile memory incorporated 
for critical controller configuration data, and battery backup provided to support the real-time 
clock and volatile memory for a minimum of 72 hours.

1. During a loss of normal power, the control sequences go to the normal system shutdown 
conditions.

2. Upon restoration of normal power and after a minimum off-time delay, the controller 
automatically resumes full operation without manual intervention through a normal soft-
start sequence.

3. Should a controller memory be lost for any reason, the operator workstation automatically 
reloads the program without intervention by the system operators.

G. Providing load shedding software package.

H. Preventive maintenance software package.

2.10 INPUT/OUTPUT (I/O) FUNCTIONS

A. Analog Inputs (AI): 

1. Monitor each analog input, perform A-to-D conversion, and hold the digital value in a 
buffer for interrogation. 

2. Provide signal conditioning for each analog input. 

3. Individually calibrate analog inputs for zero and span, in hardware or in software. 
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4. Minimum 12 bit A to D resolution.

B. Analog Outputs (AO): 

1. Accept digital data, perform D-to-A conversion, and output a signal compatible with the 
operator. 

2. Individually calibrate analog outputs for zero and span. 

3. Provide short circuit protection.

4. Minimum 8 bit D to A resolution.

C. Digital Inputs (DI): 

1. Accept ON/OFF, OPEN/CLOSE or other change of state (two-state data) indications. 

2. Provide isolation and protection against input voltage up to 180 Vac peak.

D. Digital Outputs (DO): 

1. Provide contact closures for momentary and maintained operation of output devices. 

2. Closures have a minimum duration of 0.1 second.

2.11 UNINTERRUPTABLE POWER SUPPLY

A. General: 

1. Provide an uninterruptable power supply (UPS) for each DDC field panel.  

2. UPS fed by 120V AC emergency power circuits. 

3. Floor or wall mountable.

B. Provide MGE Pulsar UPS or pre-bid approved equal. 

C. UL 1778 listing. 

D. Base sizing on peak current requirements of connected load plus 15 percent factor of safety

E.  Provide manufacturer’s standard three-year comprehensive warranty, including batteries.

2.12 ENERGY MANAGEMENT SYSTEM

A. General

1. Provide a complete system consisting of metering instruments, communications between 
components; communications network; dataloggers; protocol converters and other 
appurtenances as required for a complete system.

2. Meters, network controllers, and Ethernet gateways  provided with non-volatile flash 
memory sufficient to maintain system programming indefinitely.
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B. Data Acquisition Network

1. Connect meters to DDC system via TCP/IP communications over ethernet LAN. 
Communications in BACnet/IP protocol. 

2. The system may utilize Modbus for communication with field devices over local RS-485 
communications links.

3. Connection to the building Ethernet network made at the nearest wall data outlet in a 
mechanical or electrical room.

4. Limit cabling lengths between devices in accordance with manufacturers published 
requirements.

C. Data Access and Display

1. Measured values, both instantaneous readings and historical data, available to any user 
on any computer with an Internet connection without requiring a specific operating 
system or proprietary software that is not publically available freeware. 

2. Assign metering a unique network address and by entering that address or 
corresponding URL into a web browser, HTML web pages of data available for that 
device.  

3. Specific browser software permitted to be required to access system features beyond the 
measured values.

D. Data Format

1. Synchronize to a single time base so that events on the system can be compared at 
different locations on the system using a common time base.  Time base synchronized 
with DDC system.

2. Store data in DDC system database.

E. Software

1. Seamless BACnet/IP integrated with building Direct Digital Control, DDC system, and 
have the ability to display individual meter output data.

2. Calculation engine to virtually calculate, display, and store-derived values.

3. Download meter data every 15 minutes.

F. Interface and Display

1. Provide 32-inch LED flat panel display.

2. Scroll through display features in 20 second intervals (adjustable). 

3. Display:
a. Monthly Utility Total Energy (kbtu) and EUI (kbtu/sf/yr) bar chart overlaid with the 

prior year by month.  Use different colors to indicate the contribution of gas and 
electricity to each monthly total bar.



INDIAN VALLEY CAMPUS COLLEGE OF MARIN
BUILDING 11 RENOVATION MARIN COMMUNITY COLLEGE DISTRICT

ADDENDUM #2 ISSUED:  2017-10-09 INSTRUMENTATION AND CONTROLS FOR HVAC
171006CM11/brick project no. 16-148.01 23 09 00 - 23

b. Monthly System Total Energy (kbtu) and EUI (kbtu/sf/yr) bar chart overlaid with the 
prior year by month. Use different colors to indicate the contribution of each end use 
(Mechanical, plug loads, plumbing, and lighting) to each monthly total bar.

c. Current Day’s end use energy demand (kW) overlaid with the annual weekday and 
weekend average demand (kW), and temperature in a line chart. Provide separate 
slides for Lighting and Plug Load end uses. 

d. Current Day’s end use energy demand (kbtu/hr) overlaid with the annual weekday 
and weekend average demand (kbtu/hr), and temperature in a line chart. Provide 
separate slides for Mechanical and Plumbing Load end uses. 

e. Energy Meter Gauge indicating real-time end use energy demand (kW and W/sf) for 
Lighting and Plug Loads.

f. Energy use pie chart indicating percent of annual energy from each endues 
(Mechanical, Plumbing, Plug Loads and Lighting).

g. Monthly water usage (gallons) and WUI (gallons/person/year) bar chart overlaid with 
the prior year by month.

G. Current Sensors and Transformers

1. Current Transformers, 5A:
a. Submetering:

1) Accuracy: 1.0 percent (10 percent-100 percent of Current Transformer rating).
2) Split-core: Flex-core, Hawkeye, Square-D, Veris.

2. Current Sensors; 0-5 VDC, 330 milli-volt:
a. Submetering:

1) Accuracy: 1.0 percent (10 percent-100 percent of Current Transformer rating).
2) Manufacturers: Square-D, Magnelab, Veris, Sentron.

H. Electrical Energy Meters

1. Measured values: Real kWH, Reactive kVARh, Apparent kVAh, kW, power factor, RMS 
power and current per phase.

2. Voltage: monitored circuit voltage indicated in documents.

3. Current Transformers: Provide milli-volt compatible meters where milli-volt Current 
Transformers are used.

4. Minimum Current Transformer input amperage (5 Amp Current Transformer only): 10A.

5. Sampling rate: minimum 3kHz.

6. Submetering Meter Accuracy: +/-1 percent accuracy (10 percent to 100 percent of 
Current Transformer rating).

7. Manufacturers: Veris E50, Siemens, Square D.

PART 3 - EXECUTION

3.01 INSTALLATION

A. Operator Workstation: Locate as shown or submit proposed location where not shown.
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B. Mounting Panels: Locate panels where shown on Drawings or near item of equipment to be 
controlled, but not on equipment itself.

C. DDC Field Panels: 

1. Provide number of panels required to accommodate DI, DO, AI, and AO points and 
hardware and software to accomplish specified control sequenced. 

2. Locate panels in mechanical or electrical rooms 

3.  Submit proposed locations for approval prior to preparing control drawings.

D. Pneumatic Signals: The use of pneumatic signals to start and stop motors is not allowed.

E. Electrical:

1. Provide control wiring for control devices and control panels.

2. Run control wiring in mechanical rooms or locations susceptible to damage in conduit. 
Plenum rated cable may be used in other locations.

3. Provide power wiring for control devices and control panels.  Utilize designated circuits in 
electrical power panels.  Refer to Electrical Drawings.  If no circuits are designated for 
DDC Controls, submit detailed request for use of spare circuits at no additional cost.

4. Install power wiring in conduit.

5. Grounding: Instrumentation and communication grounding installed as necessary to 
preclude ground loops, noise, and surges from adversely affecting system operation.

6. Control voltage limited to maximum of 120V.

7. Where relay coil is connected to load side of motor starter to energize with motor 
operation, external control circuit properly fused with fuse block located in respective 
starter enclosure.

8. Where relays are used to control single-phase motors directly, provide contacts rated for 
not less than horsepower rating of largest motor switched by relay.

F. Identification: Provide engraved nameplates identifying switches, lights and starters, and each 
control device where control function is not readily apparent.

G. Room Thermostats and Room Sensors 

1. Wall Thermostats and Room Sensors with User Adjustment: Mount at height of 48 inches 
above finished floor. 

2. Wall Thermostats and Room Sensors without User Adjustment: Mount at height of 60 
inches above finished floor. 

3. Provide insulating back on thermostats mounted on exterior walls. 

4. Provide one thermostat for each zone of temperature control. 
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5. Submit proposed locations for approval prior to preparing control drawings, where not 
shown or alternate location is proposed.

H. Carbon Dioxide Sensor

1. Mount sensor at 5 feet above finished floor or as indicated on the plans.

2. Provide sensor quantity as indicated on plans or as required by sensor coverage rating 
(max. 20-foot radius).

3. Alarm above 850 ppm.

4. Refer to sequence of operations for more information on sensor use.

I. Airflow Station (Duct-Mounted): 

1. Install grid array in ductwork according to manufacturer’s recommendations.  

2. Provide gasket between frame and duct.

J. Airflow Station (Fan Inlet): Install in fan inlet bell in accordance with the manufacturer’s 
instructions.

K. Automatic Air Flow Station Measuring Damper: Install in accordance with the manufacturer’s 
recommendations.

L. Leak Detection System: Refer to Drawings for required locations and extent of area to be 
covered.  Install in accordance with the manufacturer’s instructions.

M. Window Switch: 

1. Installation of window switches in accordance with window manufacturer’s requirements 
and not to void window warranty. 

2. Provide necessary components for a complete installation.

3. Coordinate with window manufacturer for factory or field installation of components.

4. Align magnet with proximity switch.

5. Coordinate installation with Architect and other trades.

3.02 ENERGY METERS 

A. Configure system wiring so metering instrument can be isolated and removed from the system 
without the need to de-energize any power or protective circuit.  This requirement may be met 
in one of two ways:

1. Connections to the metering instrument may be made using separable terminal blocks. 

2. Terminal Blocks:  
a. Short the Current Transformer circuit prior to breaking the metering instrument 

circuit on removal and make the metering instrument circuit prior to unshorting the 
current transformer circuit on insertion.  
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b. Transformer and line voltage terminals finger safe when left disconnected and 
energized.

3. Connections to the metering instrument may be made through test blocks with 
disconnecting switches for line and neutral voltage circuits and shorting switches for 
current transformer circuits.

B. System wiring within switchgear of switchboard assembly type SIS, termination of In 
accordance with manufacturer’s published requirements.

C. Provide overcurrent protection for metering equipment based on manufacturer’s guidelines 
and the available fault current at the measurement point.  This requirement may be met in one 
of three ways:

1. Meter within 30 feet of Current Transformers: 
a. Provide meter housing with integral fusing.
b. Provide circuit breaker or fused disconnecting means adjacent to equipment 

monitored.
c. Provide PT with integral fusing.

2. Meter over 30 feet from Current Transformers:
a. Provide circuit breaker disconnect at equipment location for meter point and 

individual conductor fusing at meter equipment location. 

D. Provide Current Transformers sized based on minimum circuit ampacity listed on equipment 
nameplate or circuit overcurrent protection device rating.

E. Provide Current Transformer conductors sized per manufacturer’s published requirements 
based on length of run.

F. NEMA 1 housing unless noted otherwise.  Meters located in a rooftop or exterior environment 
NEMA 3R housing.

G. Provide additional NEMA enclosures as necessary for Current Transformers in order to 
provide manufacturer recommended clearances between separate Current Transformers.

H. Calibrate instrumentation based on National Institute of Standards and Technology, NIST, 
procedures.

END OF SECTION 
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Standard 2-Coat Kynar

Ship frame assembled and unglazed. Glass to be shipped in separate crate.

By Others

Total One (1) Custom Skylight.

SPECIFICATIONS

For all skylight support openings: plan dimensions and vertical dimensions shall be held to a

±1/4” non-cumulative tolerance to allow for proper mounting of the aluminum framing systems.

Elevations shall be held to a ±1/4” tolerance to allow for proper mounting of the aluminum framing systems.

The aluminum framing systems shall be manufactured and installed per the approved design drawings.

According to the minimum field dimensions present, this system shall be plumb, square and aligned within

itself. Any field variation shall be taken up through a variable gap between perimeter members and adjacent

structural framework, not through misalignment of the aluminum framing systems.

All welding shall be of standard commercial quality, that is, welds are not ground and/or polished. All

aluminum that shall come in contact with dissimilar materials shall receive, by others, one coat of asphalt

emulsion paint, field applied mastic, or other means of separation material.

Approvals must include field verification of a completed opening and all structural support or a written

guarantee of all dimensions and support conditions per drawings prior to any fabrication. Prior to production the

customer is responsible for contacting the local AHJ (Authority Having Jurisdiction) regarding permits and local

code compliance.

ALL STRUCTURAL SUPPORTS (SILL, WALLS, BLOCKING, ETC.) SHALL BE DESIGNED FOR THE

LOADS IMPOSED BY THE SKYLIGHTS. THE STRENGTH, INTEGRITY, AND ACCURACY OF THE

SUPPORTING STRUCTURE ARE THE RESPONSIBILITY OF OTHERS.

GENERAL NOTES  :

All extruded aluminum shall be 6063-T6 alloy and temper.

All sheet aluminum to be 5005 or 5052 alloy.

All sealant shall be in accordance with manufacturers’ standard

instructions. See details for sealant applications. Sealant shall be

G.E. 2000 Series ‘Silpruf’ silicone sealant.

All fasteners shall be stainless steel unless noted otherwise.

All exposed fasteners will be provided in a finish to match the

aluminum frames. All other fasteners will be provided in their

natural mill finish.

GLAZING DESCRIPTION  :

METAL FRAME FINISH  :

TYPE OF ASSEMBLY / SHIPPING  :

ALUMINUM  :

REVISION HISTORY  :

ADDITIONAL NOTES  :

SEALANT  :

FASTENERS :

INSTALLATION  :

QUANTITY OF UNITS  :

Internal Use Only:

Shop :

W.O. :

Creation Date:

4/3/2017

Insulated Glass: Tinted Tempered over Lami w/ Solarban 60 Low-E
** PROVIDE GLASS COLOR TINT **

#1 - 4/6/2017 - Per calcs (sheet 6)
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PLEASE NOTE:

ALL STRUCTURAL CURBS SHALL BE DESIGNED FOR THE LOADS

IMPOSED BY THE SKYLIGHTS. THE STRENGTH, INTEGRITY, AND

ACCURACY OF THE SUPPORTING STRUCTURE IS THE

RESPONSIBILITY OF OTHERS.

CUSTOMER NOTE:

ALL DIMENSIONS SHOWN MUST BE

VERIFIED PRIOR TO FABRICATION.
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OUTSIDE OF FINISHED CURB BY OTHERS

3/8"∅ WEEPS & 1/2"SQ. X 2"LG. LARGE CELL FOAM

BAFFLE

3"DP. ALUM. CURB FRAME w/SANTOPRENE GLAZING

GASKETS

1/4"THK. X 4"LG. SILICONE SETTING BLOCK @ LOWER

EIGHTHS OF EACH GLAZING PANEL

TYPICAL GLAZING PANEL - REFER TO

SPECIFICATIONS FOR DESCRIPTION

ALUM. PERIMETER CLAMPING ANGLE w/GLAZING TAPE &

#14s.s. H.H.T.S. w/'O' WASHER @ 9"o.c.

1/2" TYP.

2X STRUCTURAL WOOD CURB BY OTHERS

3" ALUM. HIP RAFTER SHOP WELDED TO CURB

FRAME

1/4"∅ X 2" LAG SCREWS @ 12"O.C. + (4)

SCREWS AT HIPS BY OTHERS - SHIM AS

SHOWN BY OTHERS
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ALUM. HIP CLAMPING BAR & ALUM. SNAP COVER

w/SANTOPRENE GLAZING GASKETS & #14s.s. H.H.T.S. w/'O'

WASHER @ 9"o.c.

1/4"THK. X 4"LG. SILICONE SETTING BLOCK & ALUM.

BLOCK SUPPORT @ LOWER EIGHTHS OF EACH GLAZING

PANEL

3"DP. ALUM. HIP RAFTER w/SANTOPRENE GLAZING

GASKETS

TYPICAL GLAZING PANEL - REFER TO

SPECIFICATIONS FOR DESCRIPTION
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ARCHITECTURAL GUIDE SPECIFICATION
SECTION 08 81 00 GLASS GLAZING

Note to Specifiers:

Customer: 1-1/16" Grey IGU with SB60#2

exterior glazing lite
should be tempered
per State Fire
Marshall for projects
in Wildland Urban
Interface (WUI) zones
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Contractor Submittal Review
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