
Agreement No. _____________

AGREEMENT BETWEEN THE COUNTY OF SAN MATEO AND Systems Mechanical, Inc.

This Agreement is entered into this , by and between the County of San Mateo, 
a political subdivision of the state of California, hereinafter called “County,” and Systems 
Mechanical, Inc., hereinafter called “Contractor.”

* * * 

Whereas, pursuant to Section 31000 of the California Government Code, County may contract 
with independent contractors for the furnishing of such services to or for County or any 
Department thereof; and

Whereas, it is necessary and desirable that the Contractor be retained to provide software and 
hardware updates to keep the Heating, Ventilation and Cooling (HVAC) system running 
efficiently and ensure the facility meets operational needs at San Mateo Medical 
Center(SMMC). 

Now, therefore, it is agreed by the parties to this Agreement as follows:  

1. Exhibits and Attachments

The following exhibits and attachments are attached to this Agreement and incorporated into 
this Agreement by this reference:

Exhibit A—Services 
Exhibit B—Payments and Rates

2. Services to be performed by Contractor

In consideration of the payments set forth in this Agreement and in Exhibit B, Contractor shall 
perform services for County in accordance with the terms, conditions, and specifications set 
forth in this Agreement and in Exhibit A.

3. Payments

In consideration of the services provided by Contractor in accordance with all terms, conditions, 
and specifications set forth in this Agreement and in Exhibit A, County shall make payment to 
Contractor based on the rates and in the manner specified in Exhibit B.  County reserves the 
right to withhold payment if County determines that the quantity or quality of the work performed 
is unacceptable.  In no event shall County’s total fiscal obligation under this Agreement exceed 
Two Million Dollars and Zero Cents ($2,000,000.00).  In the event that the County makes any 
advance payments, Contractor agrees to refund any amounts in excess of the amount owed by 
the County at the time of contract termination or expiration. Contractor is not entitled to payment 
for work not performed as required by this agreement.

4. Term

Subject to compliance with all terms and conditions, the term of this Agreement shall 
be from Tuesday, September 9, 2025 through , September 8, 20 .
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5. Termination

This Agreement may be terminated by Contractor or by the Director or his/her designee at any 
time without a requirement of good cause upon thirty (30) days’ advance written notice to the 
other party. Subject to availability of funding, Contractor shall be entitled to receive payment for 
work/services provided prior to termination of the Agreement. Such payment shall be that 
prorated portion of the full payment determined by comparing the work/services actually 
completed to the work/services required by the Agreement.

County may terminate this Agreement or a portion of the services referenced in the Attachments 
and Exhibits based upon the unavailability of Federal, State, or County funds by providing 
written notice to Contractor as soon as is reasonably possible after County learns of said 
unavailability of outside funding.

County may terminate this Agreement for cause. In order to terminate for cause, County must 
first give Contractor notice of the alleged breach. Contractor shall have five business days after 
receipt of such notice to respond and a total of ten calendar days after receipt of such notice to 
cure the alleged breach. If Contractor fails to cure the breach within this period, County may 
immediately terminate this Agreement without further action. The option available in this 
paragraph is separate from the ability to terminate without cause with appropriate notice 
described above. In the event that County provides notice of an alleged breach pursuant to this 
section, County may, in extreme circumstances, immediately suspend performance of services 
and payment under this Agreement pending the resolution of the process described in this 
paragraph. County has sole discretion to determine what constitutes an extreme circumstance 
for purposes of this paragraph, and County shall use reasonable judgment in making that 
determination.

6. Contract Materials

At the end of this Agreement, or in the event of termination, all finished or unfinished 
documents, data, studies, maps, photographs, reports, and other written materials (collectively 
referred to as “contract materials”) prepared by Contractor under this Agreement shall become 
the property of County and shall be promptly delivered to County. Upon termination, Contractor 
may make and retain a copy of such contract materials if permitted by law.

7. Relationship to Parties

Contractor agrees and understands that the work/services performed under this Agreement are 
performed as an independent contractor and not as an employee of County and that neither 
Contractor nor its employees acquire any of the rights, privileges, powers, or advantages of 
County employees.

8. Hold Harmless

a. General Hold Harmless

Contractor shall indemnify and save harmless County and its officers, agents, employees, and 
servants from all claims, suits, or actions of every name, kind, and description resulting from this 
Agreement, the performance of any work or services required of Contractor under this 
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Agreement, or payments made pursuant to this Agreement brought for, or on account of, any of 
the following:

(A) injuries to or death of any person, including Contractor or its employees/officers/agents;

(B) damage to any property of any kind whatsoever and to whomsoever belonging;

(C) any sanctions, penalties, or claims of damages resulting from Contractor’s failure to comply, 
if applicable, with the requirements set forth in the Health Insurance Portability and 
Accountability Act of 1996 (HIPAA) and all Federal regulations promulgated thereunder, as 
amended; or

(D) any other loss or cost, including but not limited to that caused by the concurrent active or 
passive negligence of County and/or its officers, agents, employees, or servants. However, 
Contractor’s duty to indemnify and save harmless under this Section shall not apply to injuries 
or damage for which County has been found in a court of competent jurisdiction to be solely 
liable by reason of its own negligence or willful misconduct.

The duty of Contractor to indemnify and save harmless as set forth by this Section shall include 
the duty to defend as set forth in Section 2778 of the California Civil Code.

9. Assignability and Subcontracting

Contractor shall not assign this Agreement or any portion of it to a third party or subcontract with 
a third party to provide services required by Contractor under this Agreement without the prior 
written consent of County. Any such assignment or subcontract without County’s prior written 
consent shall give County the right to automatically and immediately terminate this Agreement 
without penalty or advance notice.

10. Insurance

10.1. General Requirements

Contractor shall not commence work or be required to commence work under this Agreement 
unless and until all insurance required under this Section has been obtained and such insurance 
has been approved by County’s Risk Management, and Contractor shall use diligence to obtain 
such insurance and to obtain such approval. Contractor shall furnish County with certificates of 
insurance evidencing the required coverage, and there shall be a specific contractual liability 
endorsement extending Contractor’s coverage to include the contractual liability assumed by 
Contractor pursuant to this Agreement. These certificates shall specify or be endorsed to 
provide that thirty (30) days’ notice must be given, in writing, to County of any pending change 
in the limits of liability or of any cancellation or modification of the policy.

10.2. Workers’ Compensation and Employer’s Liability Insurance

Contractor shall have in effect during the entire term of this Agreement workers’ compensation 
and employer’s liability insurance providing full statutory coverage. In signing this Agreement, 
Contractor certifies, as required by Section 1861 of the California Labor Code, that (a) it is 
aware of the provisions of Section 3700 of the California Labor Code, which require every 
employer to be insured against liability for workers’ compensation or to undertake self-insurance 
in accordance with the provisions of the Labor Code, and (b) it will comply with such provisions 
before commencing the performance of work under this Agreement.
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10.3. Liability Insurance

Contractor shall take out and maintain during the term of this Agreement such bodily injury 
liability and property damage liability insurance as shall protect Contractor and all of its 
employees/officers/agents while performing work covered by this Agreement from any and all 
claims for damages for bodily injury, including accidental death, as well as any and all claims for 
property damage which may arise from Contractor’s operations under this Agreement, whether 
such operations be by Contractor, any subcontractor, anyone directly or indirectly employed by 
either of them, or an agent of either of them. Such insurance shall be combined single limit 
bodily injury and property damage for each occurrence and shall not be less than the amounts 
specified below:

(a) Comprehensive General Liability…………. $1,000,000 

(b) Motor Vehicle Liability Insurance…………. $1,000,000

County and its officers, agents, employees, and servants shall be named as additional insured 
on any such policies of insurance, which shall also contain a provision that (a) the insurance 
afforded thereby to County and its officers, agents, employees, and servants shall be primary 
insurance to the full limits of liability of the policy and (b) if the County or its officers, agents, 
employees, and servants have other insurance against the loss covered by such a policy, such 
other insurance shall be excess insurance only.

In the event of the breach of any provision of this Section, or in the event any notice is received 
which indicates any required insurance coverage will be diminished or canceled, County, at its 
option, may, notwithstanding any other provision of this Agreement to the contrary, immediately 
declare a material breach of this Agreement and suspend all further work and payment pursuant 
to this Agreement.

11. Compliance With Laws

All services to be performed by Contractor pursuant to this Agreement shall be performed in 
accordance with all applicable Federal, State, County, and municipal laws, ordinances, 
regulations, and executive orders, including but not limited to the Health Insurance Portability 
and Accountability Act of 1996 (HIPAA) and the Federal Regulations promulgated thereunder, 
as amended (if applicable), the Business Associate requirements set forth in Attachment H (if 
attached), the Americans with Disabilities Act of 1990, as amended, and Section 504 of the 
Rehabilitation Act of 1973, which prohibits discrimination on the basis of disability in programs 
and activities receiving any Federal or County financial assistance, as well as any required 
economic or other sanctions imposed by the United States government or under state law in 
effect during the term of the Agreement. Such services shall also be performed in accordance 
with all applicable ordinances and regulations, including but not limited to appropriate licensure, 
certification regulations, provisions pertaining to confidentiality of records, and applicable quality 
assurance regulations. In the event of a conflict between the terms of this Agreement and any 
applicable State, Federal, County, or municipal law, regulation, or executive order, the 
requirements of the applicable law, regulation, or executive order will take precedence over the 
requirements set forth in this Agreement.

Contractor will timely and accurately complete, sign, and submit all necessary documentation of 
compliance.
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12. Levine Act Compliance

The Contractor certifies and warrants that Contractor has fully complied, and will remain in full 
compliance, with all applicable requirements of the Levine Act in connection with this 
Agreement, including making any required disclosures of campaign contributions to County 
Officers, which includes but may not be limited to elected County Officers. Elected County 
Officers include members of the San Mateo County Board of Supervisors, as well as the 
Assessor-County Clerk-Recorder, Controller, Coroner, District Attorney, Sheriff, and Tax 
Collector-Treasurer. Any campaign contribution required to be disclosed under the Levine Act 
in connection with this Agreement shall be disclosed on the disclosure form provided by the 
County of San Mateo Levine Act Disclosure Form, a copy of which is available from the County 
upon request.

13. Non-Discrimination and Other Requirements

13.1. General Non-discrimination

No person shall be denied any services provided pursuant to this Agreement (except as limited 
by the scope of services) on the grounds of race, color, national origin, ancestry, age, disability 
(physical or mental), sex, sexual orientation, gender identity, marital or domestic partner status, 
religion, political beliefs or affiliation, familial or parental status (including pregnancy), medical 
condition (cancer-related), military service, or genetic information.

13.2. Equal Employment Opportunity

Contractor shall ensure equal employment opportunity based on objective standards of 
recruitment, classification, selection, promotion, compensation, performance evaluation, and 
management relations for all employees under this Agreement. Contractor’s equal employment 
policies shall be made available to County upon request.

13.3. Section 504 of the Rehabilitation Act of 1973

Contractor shall comply with Section 504 of the Rehabilitation Act of 1973, as amended, which 
provides that no otherwise qualified individual with a disability shall, solely by reason of a 
disability, be excluded from the participation in, be denied the benefits of, or be subjected to 
discrimination in the performance of any services this Agreement. This Section applies only to 
contractors who are providing services to members of the public under this Agreement.

13.4. Compliance with County’s Equal Benefits Ordinance

Contractor shall comply with all laws relating to the provision of benefits to its employees and 
their spouses or domestic partners, including, but not limited to, such laws prohibiting 
discrimination in the provision of such benefits on the basis that the spouse or domestic partner 
of the Contractor’s employee is of the same or opposite sex as the employee.

13.5. Discrimination Against Individuals with Disabilities

The nondiscrimination requirements of 41 C.F.R. 60-741.5(a) are incorporated into this 
Agreement as if fully set forth here, and Contractor and any subcontractor shall abide by the 
requirements of 41 C.F.R. 60–741.5(a). This regulation prohibits discrimination against qualified 
individuals on the basis of disability and requires affirmative action by covered prime contractors 
and subcontractors to employ and advance in employment qualified individuals with disabilities.
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13.6. History of Discrimination

Contractor certifies that no finding of discrimination has been issued in the past 365 days 
against Contractor by the Equal Employment Opportunity Commission, the California 
Department of Fair Employment and Housing, or any other investigative entity. If any finding(s) 
of discrimination have been issued against Contractor within the past 365 days by the Equal 
Employment Opportunity Commission, the California Department of Fair Employment and 
Housing, or other investigative entity, Contractor shall provide County with a written explanation 
of the outcome(s) or remedy for the discrimination prior to execution of this Agreement. Failure 
to comply with this Section shall constitute a material breach of this Agreement and subjects the 
Agreement to immediate termination at the sole option of the County.

13.7. Reporting; Violation of Non-discrimination Provisions

Contractor shall report to the County Executive Officer the filing in any court or with any 
administrative agency of any complaint or allegation of discrimination on any of the bases 
prohibited by this Section of the Agreement or the Section titled “Compliance with Laws”. Such 
duty shall include reporting of the filing of any and all charges with the Equal Employment 
Opportunity Commission, the California Department of Fair Employment and Housing, or any 
other entity charged with the investigation or adjudication of allegations covered by this 
subsection within 30 days of such filing, provided that within such 30 days such entity has not 
notified Contractor that such charges are dismissed or otherwise unfounded. Such notification 
shall include a general description of the circumstances involved and a general description of 
the kind of discrimination alleged (for example, gender-, sexual orientation-, religion-, or race-
based discrimination).

Violation of the non-discrimination provisions of this Agreement shall be considered a breach of 
this Agreement and subject the Contractor to penalties, to be determined by the County 
Executive Officer, including but not limited to the following:

i. termination of this Agreement;

ii. disqualification of the Contractor from being considered for or being awarded a County 
contract for a period of up to 3 years;

iii. liquidated damages of $2,500 per violation; and/or

iv. imposition of other appropriate contractual and civil remedies and sanctions, as 
determined by the County Executive Officer.

To effectuate the provisions of this Section, the County Executive Officer shall have the 
authority to offset all or any portion of the amount described in this Section against amounts due 
to Contractor under this Agreement or any other agreement between Contractor and County.

13.8. Compliance with Living Wage Ordinance

As required by Chapter 2.88 of the San Mateo County Ordinance Code, Contractor certifies all 
contractor(s) and subcontractor(s) obligated under this contract shall fully comply with the 
provisions of the County of San Mateo Living Wage Ordinance, including, but not limited to, 
paying all Covered Employees the current Living Wage and providing notice to all Covered 
Employees and Subcontractors as required under the Ordinance.
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14. Compliance with County Employee Jury Service Ordinance

Contractor shall comply with Chapter 2.85 of the County’s Ordinance Code, which states that 
Contractor shall have and adhere to a written policy providing that its employees, to the extent 
they are full-time employees and live in San Mateo County, shall receive from the Contractor, on 
an annual basis, no fewer than five days of regular pay for jury service in San Mateo County, 
with jury pay being provided only for each day of actual jury service. The policy may provide 
that such employees deposit any fees received for such jury service with Contractor or that the 
Contractor may deduct from an employee’s regular pay the fees received for jury service in San 
Mateo County. By signing this Agreement, Contractor certifies that it has and adheres to a 
policy consistent with Chapter 2.85. For purposes of this Section, if Contractor has no 
employees in San Mateo County, it is sufficient for Contractor to provide the following written 
statement to County: “For purposes of San Mateo County’s jury service ordinance, Contractor 
certifies that it has no full-time employees who live in San Mateo County. To the extent that it 
hires any such employees during the term of its Agreement with San Mateo County, Contractor 
shall adopt a policy that complies with Chapter 2.85 of the County’s Ordinance Code.” The
requirements of Chapter 2.85 do not apply unless this Agreement’s total value listed in the 
Section titled “Payments”, exceeds two-hundred thousand dollars ($200,000); Contractor 
acknowledges that Chapter 2.85’s requirements will apply if this Agreement is amended such 
that its total value exceeds that threshold amount.

15. Retention of Records; Right to Monitor and Audit

(a) Contractor shall maintain all required records relating to services provided under this 
Agreement for three (3) years after County makes final payment and all other pending matters 
are closed, and Contractor shall be subject to the examination and/or audit by County, a Federal 
grantor agency, and the State of California.

(b) Contractor shall comply with all program and fiscal reporting requirements set forth by 
applicable Federal, State, and local agencies and as required by County.

(c) Contractor agrees upon reasonable notice to provide to County, to any Federal or State 
department having monitoring or review authority, to County’s authorized representative, and/or 
to any of their respective audit agencies access to and the right to examine all records and 
documents necessary to determine compliance with relevant Federal, State, and local statutes, 
rules, and regulations, to determine compliance with this Agreement, and to evaluate the 
quality, appropriateness, and timeliness of services performed.

16. Merger Clause; Amendments

This Agreement, including the Exhibits and Attachments attached to this Agreement and 
incorporated by reference, constitutes the sole Agreement of the parties to this Agreement and 
correctly states the rights, duties, and obligations of each party as of this document’s date. In
the event that any term, condition, provision, requirement, or specification set forth in the body 
of this Agreement conflicts with or is inconsistent with any term, condition, provision, 
requirement, or specification in any Exhibit and/or Attachment to this Agreement, the provisions 
of the body of the Agreement shall prevail. Any prior agreement, promises, negotiations, or 
representations between the parties not expressly stated in this document are not binding. All 
subsequent modifications or amendments shall be in writing and signed by the parties.
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17. Controlling Law; Venue

The validity of this Agreement and of its terms, the rights and duties of the parties under this 
Agreement, the interpretation of this Agreement, the performance of this Agreement, and any 
other dispute of any nature arising out of this Agreement shall be governed by the laws of the 
State of California without regard to its choice of law or conflict of law rules. Any dispute arising 
out of this Agreement shall be venued either in the San Mateo County Superior Court or in the 
United States District Court for the Northern District of California.

18. Notices

Any notice, request, demand, or other communication required or permitted under this 
Agreement shall be deemed to be properly given when both: (1) transmitted via email to the 
email address listed below; and (2) sent to the physical address listed below by either being 
deposited in the United States mail, postage prepaid, or deposited for overnight delivery, 
charges prepaid, with an established overnight courier that provides a tracking number showing 
confirmation of receipt.

In the case of County, to:

Name/Title: Roxanne Maquinana/Program Services Manager 
Address: 555 County Center, Redwood City, CA, 94063 
Telephone: (650) 363-4100  
Email: rmaquinana@smcgov.org

In the case of Contractor, to:

Name/Title: Kyle Roemer/Control Systems Engineer 
Address: 60 Marina Way South, Richmond California, 94804 
Telephone: 650-570-236-3794 
Email: kyle@systemsmechanical.com

19. Electronic Signature

Both County and Contractor wish to permit this Agreement and future documents relating to this 
Agreement to be digitally signed in accordance with California law and County’s Electronic 
Signature Administrative Memo. Any party to this Agreement may revoke such agreement to 
permit electronic signatures at any time in relation to all future documents by providing notice 
pursuant to this Agreement.

20. Payment of Permits/Licenses

Contractor bears responsibility to obtain any license, permit, or approval required from any 
agency for work/services to be performed under this Agreement at Contractor’s own expense 
prior to commencement of said work/services. Failure to do so will result in forfeit of any right to 
compensation under this Agreement.

21. Prevailing Wage

When applicable, Contractor hereby agrees to pay not less than prevailing rates of wages and 
be responsible for compliance with all the provisions of the California Labor Code, Article 2-
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Wages, Chapter 1, Part 7, Division 2, Section 1770 et seq. A copy of the prevailing wage scale 
established by the Department of Industrial Relations is on file in the office of the Director of 
Public Works, and available at www.dir.ca.gov/DLSRor by phone at 415-703-4774. California 
Labor Code Section 1776(a) requires each contractor and subcontractor keep accurate payroll 
records of trades workers on all public works projects and to submit copies of certified payroll 
records upon request.

Additionally,

• No contractor or subcontractor may be listed on a bid proposal for a public works project 
(submitted after March 1, 2015) unless registered with the Department of Industrial Relations 
pursuant to Labor Code section 1725.5 [with limited exceptions from this requirement for bid 
purposes only under Labor Code section 1771.1(a)].

• No contractor or subcontractor may be awarded a contract for public work on a public works 
project (awarded on or after April 1, 2015) unless registered with the Department of Industrial 
Relations pursuant to Labor Code section 1725.5.

This project is subject to compliance monitoring and enforcement by the Department of 
Industrial Relations

SIGNATURE PAGE TO FOLLOW
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In witness of and in agreement with this Agreement’s terms, the parties, by their duly authorized 
representatives, affix their respective signatures:

For Contractor: Systems Mechanical, Inc.

____________________________
Contractor Signature

_______________
Date

___________________________
Contractor Name (please print)

COUNTY OF SAN MATEO

By:

President, Board of Supervisors, San Mateo County

Date:

ATTEST:

By:

Clerk of Said Board



Exhibit A

In consideration of the payments set forth in Exhibit B, Contractor shall provide the following 
services:

The contractor shall provide software and hardware updates to keep the HVAC system running 
efficiently and ensure the facility meets operational needs at San Mateo Medical Center
(SMMC).

Base Scope is as follows:

- Replacement of Air Handling Units (AHU) devices
- Replacement of Relief Dampers
- Upgrade of Zone Controllers
- Miscellaneous Controls upgrades
- Programming revisions
- HVAC System Commissioning
- Updating and adding new graphics

The following attachments provide further details on the Scope of Work and thereby considered 
part of Exhibit A:

Attachment 1: Section 250000 Building Automation Systems (BAS)
Attachment 2: Section 259000 Sequences of Operation
Attachment 3: BAS Upgrade Schematics
Attachment 4: BAS Graphic Markups

Attachment 1 SMMC BAS Base Scope provides detailed description of the base scope items, 
definitions and complete details of the project and project expectations and deliverables.

Attachment 2 provides the Sequences of Operation for hardware and software updates.

Attachment 3 provides HVAC Control drawings, AHU Matrix of devices to be replaced and
Variable Air Volume (VAV) Schedules.

Attachment 4 specifies the graphic modifications that are required to complete the project.

Additional services outside of those described in this Exhibit A must be authorized by the 
County’s representative in writing prior to commencing work.



Exhibit B

In consideration of the services provided by Contractor described in Exhibit A and subject to the 
terms of the Agreement, County shall pay Contractor based on the following fee schedule and 
terms:

Unit prices include all equipment, material, labor, design engineering, start- up and testing costs 
necessary to provide a complete operational system. Prices are based on new construction 
during normal design and construction schedule; for retrofits or compression, additional costs 
may be added by contractor.

More details on the items under unit pricing are as follows:

See Attachment 3 Upgrades Schematics corresponding to the Unit Pricing item details.

Contractor Clarifications on the Unit Pricing Items:

VAV actuator retrofit to use Johnson branded actuators for direct replacement. Belimo 
retrofit requires isolation and disassembly of existing valves to install retrofit kit. 
Contractor recommends replacement of entire valve body if Belimo brand is to be used.



Thermowell installation does not include freezing. Thermowells to be hot tapped. Strap 
on sensors could be a viable alternative for a VE option

The contractor shall comply with the prevailing wage laws, when project requires it, and as 
determined by the Department of Industrial Relations.

Invoice shall be submitted to the Department of Public Works at the completion of service. 
Payment will be made within thirty (30) days of receipt in the Accounting Division, a written 
itemized invoice identifying the Agreement number, complete scope of work, specific work 
completed, location of work, and breakdown of charges.

In any event, the total payment for services of Contractor shall not exceed $2,000,000
($1,946,330 contract amount and $53,670 in contingency), and the County shall have the
right to withhold payment if the County determines that the quantity and/ or quality of the work
performed is unacceptable. Charges for work performed by the Contractor not authorized in 
writing by Director of Public Works or their designee will not be paid by the County.

Remit invoices to:
County of San Mateo
Department of Public Works
Attn: Accounting Unit
555 County Center, 5th Floor
Redwood City, CA 94063
Email: dpw_accounting@smcgov.org
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SECTION 259000 

SEQUENCE  OF OPERATION

1.1 SEQUENCE  OF OPERATION 

A. General 

1. Contractor shall review sequences prior to programming and suggest modifications
where required to achieve the design intent.  Contractor may also suggest modifications
to improve performance and stability or to simplify or reorganize logic in a manner that
provides equal or better performance.  Proposed changes in sequences shall be included
as a part of Submittal Package 2.

2. Include costs for minor program modifications if required to provide proper
performance of the system.

3. Unless otherwise indicated in SOOs, control loops shall be enabled and disabled based
on the status of the system being controlled to prevent wind-up.  Loops shall also be
initiated with the output set to a neutral (deadband) condition, e.g. valves and dampers
close, VFDs at minimum speed, etc.

4. When SOOs use outdoor air temperature present value and there are multiple outdoor
air sensors, the physically closest valid sensor reading shall be used.  Outdoor air
temperature sensors at air handler outdoor air intakes shall be considered valid only
when the supply fan is proven on and unit is in occupied mode (airflow across the
sensor).  The outdoor air temperature used for graphics display, optimum start, plant
OAT lockout, and other global sequences shall be the average of all valid sensor
readings.

5.

6. is used generically for all control loops and shall
not be interpreted as requiring proportional plus integral plus derivative gains on all
loops.  Unless specifically indicated otherwise, the following guidelines shall be
followed:

a. Use proportional only (P-only) loops for limiting loops (such as zone CO2 limiting
loops, etc.) to ensure there is no integral windup.

b. Do not use the derivative term on any loops unless field tuning is not possible
without it.

7. All setpoints, timers, deadbands, PID gains, etc. listed in sequences shall be capable of
being adjusted by the operator without having to access programming whether
indicated as adjustable in sequences or not.  Software (virtual) points shall be used for
these setpoints.  Fixed scalar numbers shall not be imbedded in programs unless the
value will never need to be adjusted.
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8. Values for all points, including real (hardware) points used in control sequences shall be
capable of being overridden by the user (e.g. for testing and commissioning).  If
hardware design prevents this for hardware points, they shall be equated to a software
point and the software point shall be used in all sequences.  Exception: Not required for
ASC hardware points.

9. VFD minimum speed setpoints

a. Minimum speed setpoints for all VFD-driven equipment shall be determined as
follows:

1) Start the fan or pump.

2) Manually set speed to 6 Hz (10%) unless otherwise indicated in control
sequences.  For cooling towers with gear boxes, use 20% or whatever minimum
speed is recommended by tower manufacturer.

3) Observe fan/pump in field to ensure it is visibly rotating.

a) If not, gradually increase speed until it is.

4) The speed at this point shall be the minimum speed setpoint for this piece of
equipment.

5) Record minimum speeds in log and store in software point as indicated in
Paragraph 1.1A.9.b.

b. Minimum speed for each piece of equipment shall be stored in a single software
point that shall be used in programming (such as PID loop output range) and its
value shall be assigned to the minimum speed setpoint stored in the VFD via the
drive network interface.  In this way there is only one minimum setpoint, rather
than setpoints both in the drive and in software which could differ.

10. Trim & Respond Setpoint Reset Logic

a. Trim & Respond setpoint reset logic and zone/system reset requests where
referenced in sequences shall be implemented as described below.

b. Requests  are pressure, cooling, or heating setpoint reset requests generated by
zones or air handling systems.

1) For each zone or system, and for each setpoint reset request type listed for the
zone/system, provide the following software points:

a) Importance Multiplier (default = 1).  This point is used to scale the number
of requests the zone/system is generating.  A value of zero causes the

used to effectively increase the number of requests from the zone/system
based on the critical nature of the spaces served, or to increase the requests
beyond the number of ignored requests (defined below) in the Trim &
Respond reset block.
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b) Request-hours 

(1) This point accumulates the integral of requests (prior to adjustment of 
Importance Multiplier) to help identify zones/systems that are driving 
the reset logic.  Every x minutes (adjustable, default 5 minutes), add 
x/60 times the current number of requests to this request-hours 
accumulator point.   

(2) The request-hours point is reset to zero upon a global command from 
the system/plant serving the zone/system  this global point 
simultaneously resets the request-hours point for all zones/systems 
served by this system/plant.   

(3) Cumulative %-request-hours is the zone request-hours divided by the 
zone run-hours (the hours in any Mode other than Unoccupied Mode) 
since the last reset, expressed as a percentage.   

(4) A Level 4 alarm is generated if the zone Importance Multiplier is greater 
than zero, the zone %-request-hours exceeds 70%, and the total 
number of zone run-hours exceeds 40.   

2) See zone and air handling system control sequences for logic to generate 
requests. 

3) Multiply the number of requests determined from zone/system logic times the 
Importance Multiplier and send to the system/plant that serves the 
zone/system.  See system/plant logic to see how requests are used in Trim & 
Respond logic.   

c. Variables.  All variables below shall be adjustable from a reset graphic accessible 
from a hyperlink on the associated system/plant graphic.  Initial values are defined 
in system/plant sequences below.  Values for trim, respond, time step, etc. shall be 
tuned to provide stable control.   

Variable Definition 
Device Associated device (e.g. fan, pump) 

SP0 Initial setpoint 
SPmin Minimum setpoint 
SPmax Maximum setpoint 

Td Delay timer 
T Time step  
I Number of ignored requests  
R Number of requests from 

zones/systems 
SPtrim Trim amount 
SPres Respond amount 

SPres-max Maximum response per time interval 
 

d. Trim & Respond logic shall reset setpoint within the range SPmin to SPmax.  When the 
associated device is off, the setpoint shall be SP0.  The reset logic shall be active 
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while the associated device is proven on, starting Td after initial device start 
command.  When active, every time step T, trim the setpoint by SPtrim.  If there are 
more than I Requests, respond by changing the setpoint by SPres times (R  I), i.e. 
(the number of Requests minus the number of Ignored requests).  But the net 
response shall be no more than SPres-max.  The sign of SPtrim must be the opposite of 
SPres and SPres-max.  For example, if SPtrim = -0.1, SPres = +0.15, SPres-max = +0.35, R = 3, I 
= 2, then each time step, the setpoint change = -0.1 + (3-2)*0.15 = +0.05.  If R=10, 
then setpoint change = -0.1 + (10-2)*0.15 = 1.1 but limited to a maximum of 0.35.  If 

-0.1.   

11. Lead/lag and lead/standby alternation  

a. Even Wear 

1) Lead/lag.  Unless otherwise noted, parallel staged devices (such as pumps, 
towers) shall be lead/lag alternated when more than one is off or more than 
one is on so that the device with the most operating hours is made the later 
stage device and the one with the least number of hours is made the earlier 
stage device.  For example, assuming there are three devices, if all three are off 
or all are on, the staging order will simply be based on run hours from lowest to 
highest.  If two devices are on, the one with the most hours will be set to be 
stage 2 while the other is set to stage 1; this may be the reverse of the operating 
order when the devices were started.  If two devices are off, the one with the 
most hours will be set to be stage 3 while the other is set to stage 2; this may be 
the reverse of the operating order when the devices were stopped. 

2) Lead/standby.  Unless otherwise noted, parallel devices (such as pumps, towers) 
that are 100% redundant shall be lead/standby alternated when more than one 
is off so that the device with the most operating hours is made the later stage 
device and the one with the least number of hours is made the earlier stage 
device.  For example, assuming there are three devices, if all three are off, the 
staging order will be based on run hours from lowest to highest.  If devices run 
continuously, lead/standby shall switch at an adjustable runtime; standby 
device shall first be started and proven on before former lead device is changed 
to standby and shut off.   

b. Exceptions 

1) Operators shall be able to manually fix staging order via software points on 
graphics overriding the Even Wear logic above, but not overriding the Failure or 
Hand Operation logic below. 

2) Failure:  If the lead device fails or has been manually switched off, the device 
shall be placed into high level alarm (Level 2) and set to the last stage position in 
the lead/lag order until alarm is reset by operator.  Staging position of 
remaining devices shall follow the Even Wear logic.  A failed device in alarm can 
only automatically move up in the staging order if another device fails.  Note 
that a device in alarm will be commanded to run if the sequence calls for it to 
run.  In this way the BAS will keep trying to run device(s) until it finds enough 
that will operate.  Failure is determined by: 
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a) Variable Speed Fans and Pumps 

1. VFD critical fault is ON, or 

2. Status point not matching its on/off point for 3 seconds after a time 
delay of 15 seconds when device is commanded on, or 

3. Supervised HOA at control panel in OFF position, or 

4. Loss of power (e.g. VFD DC Bus voltage  = zero)  

b) Constant Speed Fans and Pumps 

1. Status point not matching its on/off point for 3 seconds after a time 
delay of 15 seconds when device is commanded on, or 

2. Supervised HOA at control panel in OFF position 

c) Chillers  

1. Chiller alarm contact, or  

2. Chiller is manually shut off as indicated by the status of the Local/Auto 
switch from chiller gateway, or 

3. Chiller status remains off 5 minutes after command to start 

d) Cooling Towers 

1. Tower fan has failed as defined above for constant speed fans 

e) Boilers 

1. Boiler alarm point is ON, or 

2. If its leaving water temperature remains 15 F below setpoint for 30 
minutes 

3) Hand Operation.  If a device is on in Hand (for example via an HOA switch or 
local control of VFD), the device shall be set to the lead device and a low level 
alarm (Level 4) shall be generated.  The device will remain as lead until the 
alarm is reset by the operator.  Hand operation is determined by 

a) Variable Speed Fans and Pumps 

1. Status point not matching its on/off point for 15 seconds when device is 
commanded off, or 

2. , or 

3. Supervised HOA at control panel in ON position 
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b) Constant Speed Fans and Pumps 

1. Status point not matching its on/off point for 15 seconds when device is 
commanded off, or 

2. Supervised HOA at control panel in ON position 

c) Chillers 

1. Chiller is manually turned on as indicated by the status of the Local/auto 
switch from chiller gateway. 

12. VAV Box Controllable Minimum  

a. This section is used to determine the lowest possible VAV box airflow setpoint 
allowed by the controls (Vm) used in VAV box control sequences.  The minimums 
shall be stored as software points that may be adjusted by the user but need not be 
adjustable via the graphical user interface. 

b. Option 1:  If the VAV box controls simply stop moving the damper when the airflow 
reading becomes too low to register and then re-enables the damper when the 
airflow reading rises above that threshold, Vm shall be equal to zero.   

c. Option 2: he minimum setpoint Vm 
shall be determined from the table below if the VAV box manufacturer is listed:   

 

Inlet Titus Krueger Price 
MetalAire 
High Gain ETI 

4 15 15 20 15 15 
6 30 35 30 30 30 
8 55 60 55 50 55 

10 90 90 95 85 90 
12 120 130 135 110 130 
14 190 175 195 155 180 
16 245 230 260 210 235 

24x16 455 445 490 N/A 415 

d. Option 3: The minimum setpoint Vm shall be determined as follows:   

1) Determine the velocity pressure sensor reading VPm in inches H2O that results in 
a digital reading from the transducer and A/D converter of 12 bits or counts 
(assuming a 10 bit A/D converter).  This is considered sufficient resolution for 
stable control.  . 

2) Using the velocity pressure sensor amplification factor F provided by the sensor 
manufacturer for each VAV box sensor size, calculated the minimum velocity vm 
for each VAV box size as 

 F

VP
v m
m 4005
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Where F is not known it can be calculated from the measured CFM at 1 inch 
signal from the VP sensor 

 

where A is the nominal duct area (ft2), equal to 

 

where D is the nominal duct diameter (inches). 

3) Calculate the minimum airflow setpoint allowed by the controls (Vm) for each 
VAV box size as 

 

B. Demand Limiting  

1. On home page, provide three manual software switches: Demand Limit Level 1 to 3.  
These can be manually set by operator to initiate demand limit sequences herein.  
(These switches may also in the future be tied to PG&E demand reduction contacts.) 

C. Zones 

1. This section applies to all single zone systems and sub-zones of air handling systems, 
such as VAV boxes, fan-powered boxes, etc. 

2. Setpoints 

a. Each zone shall have separate unoccupied and occupied setpoints, and separate 
heating and cooling setpoint.  As a default: 

 

Zone type 
Occupied Unoccupied 

Heat Cool Heat Cool 
Patient areas, 24-7 70ºF 75ºF n/a n/a 
Patient areas, scheduled 70ºF 75ºF 60ºF 90ºF 
VAV exterior, non-patient 70ºF 75ºF 60ºF 90ºF 
VAV interior, non-patient 70ºF 73ºF 60ºF 90ºF 
Electrical and mechanical  60ºF  85ºF  60ºF  85ºF  
IDF/MDF  60ºF  78ºF  60ºF  78ºF  

 

b. The software shall prevent 

1) The heating setpoint from exceeding the cooling setpoint minus 1°F (in other 
words the minimum deadband shall be 1°F);  

2

"1@

4005

CFM

A
F

2

24

D
A
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2) The unoccupied heating setpoint from exceeding the occupied heating setpoint; 
and  

3) The unoccupied cooling setpoint from being less than the occupied cooling 
setpoint. 

c. Where the zone has a local occupant adjustable setpoint adjustment knob/button 

1) The adjustment shall be capable of being limited in software. 

a) As a default, occupied cooling setpoint shall be limited between 72°F and 
80°F. 

b) As a default, occupied heating setpoint shall be limited between 65°F and 
72°F. 

2) The adjustment shall move both the existing heating and cooling setpoints 
upwards or downwards by the same amount unless the limit has been reached. 

3) The adjustment shall only be active in Occupied mode. 

4) If a demand limit setpoint adjustment is in place, the local setpoint adjustment 
shall be disabled. 

d. Demand Limit Setpoint Adjustment:  Cooling setpoints shall be increased upon 
demand limit requests from the associated Zone Group. 

1) At Demand Limit Level 1, increase current setpoint by 1°F. 

2) At Demand Limit Level 2, increase current setpoint by 2°F. 

3) At Demand Limit Level 3, increase current setpoint by 4°F. 

e. The operative setpoint shall be determined by the Zone Group  

1) The setpoints shall be the occupied setpoint during Occupied mode, Warm-up 
mode, and Cool-down mode. 

2) The setpoints shall be unoccupied setpoints during Unoccupied mode, Setback 
mode, and Setup mode. 

f. Hierarchy of Setpoint Adjustments:  The following adjustment restrictions shall 
prevail in order from highest to lowest priority: 

1) Setpoint overlap restriction (Paragraph 1.1C.2.b.1)) 

2) Demand limit. 

3) Local setpoint adjustment 

4) Scheduled setpoints based on Zone Group mode 
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3. Local override:  When thermostat override buttons are depressed, the request for 
Occupied Mode operation shall be sent up to the Zone Group control for 60 minutes.  
(This will cause all zones in the Zone Group to operate in Occupied Mode to ensure that 
the system has adequate load to operate stably.) 

4. Control Loops 

a. Two separate control loops shall operate to maintain space temperature at setpoint, 
the Cooling Loop and the Heating Loop.  Both loops shall be continuously active. 

b. The Cooling Loop shall maintain the space temperature at the active cooling 
setpoint.  The output of the loop shall be a virtual point ranging from 0% (no 
cooling) to 100% (full cooling). 

c. The Heating Loop shall maintain the space temperature at the active heating 
setpoint.  The output of the loop shall be a virtual point ranging from 0% (no 
heating) to 100% (full heating). 

d. Loops shall be use proportional + integral logic or fuzzy logic.  Proportional-only 
control is not acceptable, although the integral gain shall be small relative to the 
proportional gain.  P and I gains shall be adjustable from the Operator Workstation. 

e. See other sections for how the outputs from these loops are used. 

5. Zone Modes 

a. Heating Mode: when the output of the space heating control loop is greater than 
zero. 

b. Cooling Mode: when the output of the space cooling control loop is greater than 
zero and the output of the heating loop is equal to zero. 

c. Deadband Mode: when not in either the Heating or Cooling Mode. 

6. Alarms 

a. Zone temperature alarms 

1) If the zone is 3°F above cooling or below heating setpoint for 10 minutes, 
generate Level 3 alarm. 

2) If the zone is 5°F above cooling or below heating setpoint for 10 minutes, 
generate Level 2 alarm. 

3) Suppress zone temperature alarms as follows: 

a) After zone setpoint is changed for a period of 10 minutes per degree of 
difference between the zone temperature at the time of the change and the 
new setpoint. This suppression period applies any time that the zone 
setpoint is changed. 

b) While Zone Group is in Warm-up or Cool-down Modes. 
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c) For zones with an Importance multiplier (see Trim & Respond sequences 
above) of zero. 

D. VAV Cooling-only Boxes 

1. See Paragraph 1.1C for setpoints, loops, control modes, alarms, etc.   

a. If supply air temperature from air handler is greater than room temperature, 
Cooling Mode shall be locked out. 

2. Design airflow rates shall be as scheduled on plans:   

a. Zone maximum cooling airflow setpoint (Vcool-max)  

b. Zone minimum airflow setpoint (Vmin) 

3. The occupied minimum Vmin* shall be equal to Vmin except as follows: 

a. If Vmin is non-zero and less than the lowest possible airflow setpoint allowed by the 
controls (Vm), Vmin* shall be set equal to Vm determined in accordance with 
Paragraph 1.1A.12.  

4. Active maximum and minimum setpoints shall vary depending on the mode of the Zone 
Group the zone is a part of: 

Setpoint Occupied Cool-down Setup Warm-up Setback Unoccupied 
Cooling 

maximum 
Vcool-max Vcool-max Vcool-max 0 0 0 

Minimum Vmin*  0 0 0 0 0 
Heating 

maximum 
Vmin* 0 0 0 0 0 

 

5. Control logic is depicted schematically in the figure below and described in the following 
sections. 
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a. When the zone is in the Cooling Mode, the Cooling Loop output shall be mapped to 
the airflow setpoint from the cooling maximum to the minimum airflow setpoints. 

b. When the zone is in the Deadband Mode or Heating Mode, the airflow setpoint shall 
be the minimum airflow setpoint. 

c. The VAV damper shall be modulated to maintain the measured airflow at setpoint. 

6. Alarms 

a. Low airflow 

1) If the measured airflow is less than 70% of setpoint for 5 minutes, generate a 
Level 3 alarm.  

2) If the measured airflow is less than 50% of setpoint for 5 minutes, generate a 
Level 2 alarm. 

3) Suppress alarms for zones with an Importance Multiplier of 0.    

b. Airflow sensor calibration.  If the fan serving the zone has been shut off for 10 
minutes and airflow sensor reading is above 20 cfm, generate a Level 3 alarm. 

7. Testing/Commissioning Overrides:  Provide software points that interlock to a system 
level point to 

a. Force zone airflow setpoint to zero 

Cooling Maximum 

Minimum airflow setpoint 

Heating PID Signal Cooling PID Signal 
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b. Force zone airflow setpoint to Vcool-max. 

c. Force zone airflow setpoint to Vmin 

d. Force damper full closed/open 

e. Reset request-hours accumulator point to zero (provide one point for each reset 
type listed below) 

8. System Requests 

a. This logic shall reside in the zone controllers if they are programmable and have 
sufficient memory. If not, move to the system controller, which will then poll zones 
for requests. 

b. Cooling SAT Reset Requests 

1) If the , send 0 requests.   

2) If the zone temperature is above the , send 
1 request.   

3) If the zone temperature exceeds the by 3°F for 2 
minutes, send 2 requests. 

4) If the zone temperature exceeds the by 5°F for 2 
minutes, send 3 requests. 

c. Static Pressure Reset Requests (for zones served by VAV AHUs only) 

1) If the Damper Loop is less than 85%, send 0 requests.   

2) If the Damper Loop is greater than 95%, send 1 request.   

3) If the measured airflow is less than 70% of setpoint for 1 minute, send 2 
requests. 

4) If the measured airflow is less than 50% of setpoint for 1 minute, send 3 
requests. 

E. VAV Reheat Boxes 

1. See Paragraph 1.1C for setpoints, loops, control modes, alarms, etc. 

a. If supply air temperature from air handler is greater than room temperature, 
Cooling Mode shall be locked out. 

2. Design airflow rates shall be as scheduled on plans:   

a. Zone maximum cooling airflow setpoint (Vcool-max)  

b. Zone minimum airflow setpoint (Vmin) 
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c. Zone maximum heating airflow setpoint (Vheat-max)  

3. The occupied minimum Vmin* shall be equal to Vmin except as follows: 

4. Active maximum and minimum setpoints shall vary depending on the mode of the Zone 
Group the zone is a part of: 

Setpoint Occupied Cool-down Setup Warm-up Setback Unoccupied 
Cooling 

maximum 
Vcool-max Vcool-max Vcool-max 0 0 0 

Minimum Vmin*  0 0 0 0 0 
Heating 

maximum 
Max(Vheat-
max, Vmin*) 

Vheat-max 0 Vcool-max Vcool-max 0 

 

5. Control logic is depicted schematically in the figure below and described in the following 
sections. 

  

 

a. When the zone is in the Cooling Mode, the Cooling Loop output shall be mapped to 
the airflow setpoint from the cooling maximum to the minimum airflow setpoints.   

b. When the zone is in the Deadband Mode, the airflow setpoint shall be the minimum 
airflow setpoint.   

c. When the zone is in the Heating Mode, the Heating Loop shall be mapped as 
follows: 

1) From 0-33%, the Heating Loop output shall reset the discharge temperature 
from 50°F to 95°F. 

Supply Air Temperature Setpoint 

Heating 
Maximum 

Cooling Maximum 

Minimum airflow setpoint 

Heating PID Signal Cooling PID Signal 
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2) From 33%-66%, if the supply air temperature is greater than the room 
temperature plus 5ºF, the Heating Loop output shall reset the zone airflow 
setpoint from the minimum airflow setpoint to the maximum heating airflow 
setpoint. 

3) From 66-100%, the Heating Loop output shall reset the discharge temperature 
from 95°F to 115°F.  

d. The hot water valve shall be modulated using P+I loop to maintain the discharge 
temperature at setpoint.  (Directly controlling HW valve off zone temperature PID 
loop is not acceptable.) 

e. The VAV damper shall be modulated to maintain the measured airflow at setpoint. 

6. Alarms 

a. Low airflow 

1) If the measured airflow is less than 70% of setpoint for 5 minutes, generate a 
Level 3 alarm.   

2) If the measured airflow is less than 50% of setpoint for 5 minutes, generate a 
Level 2 alarm.   

3) Suppress alarms for zones with an Importance Multiplier of 0.    

b. Low supply air temperature 

1) If boiler plant is proven on and the supply air temperature is 15°F less than 
setpoint for 10 minutes, generate a Level 3 alarm.   

2) If boiler plant is proven on and the supply air temperature is 30°F less than 
setpoint for 10 minutes, generate a Level 2 alarm.   

c. Airflow sensor calibration.  If the fan serving the zone has been shut off for 10 
minutes and airflow sensor reading is above 20 cfm, generate a Level 3 alarm. 

7. Testing/Commissioning Overrides:  Provide software points that interlock to a system 
level point to 

a. Force zone airflow setpoint to zero 

b. Force zone airflow setpoint to Vcool-max 

c. Force zone airflow setpoint to Vmin 

d. Force zone airflow setpoint to Vheat-max 

e. Force damper full closed/open 

f. Force heating to off/closed 
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g. Reset request-hours accumulator point to zero (provide one point for each reset 
type listed below) 

8. System Requests 

a. This logic shall reside in the zone controllers. 

b. Cooling SAT Reset Requests 

1) If the , send 0 requests.   

2) If the , send 
1 request.   

3) If the zone temperature exceeds the by 3°F for 2 
minutes, send 2 requests. 

4) If the zone temperature exceeds the by 5°F for 2 
minutes, send 3 requests. 

c. Static Pressure Reset Requests (for zones served by VAV AHUs only) 

1) If the Damper Loop is less than 85%, send 0 requests.   

2) If the Damper Loop is greater than 95%, send 1 request.   

3) If the measured airflow is less than 70% of setpoint for 1 minute, send 2 
requests. 

4) If the measured airflow is less than 50% of setpoint for 1 minute, send 3 
requests. 

F. Isolation Room Tracking Exhaust Boxes 

1. Design airflow rates shall be as scheduled on plans 

a. Zone maximum exhaust airflow setpoint (Vexh-max)  

2. The exhaust differential (Vexh-diff) shall be equal to Vexh-max minus Vcool-max for the 
associated supply terminal.  

3. The exhaust airflow setpoint shall be equal to the measured airflow from the associated 
supply terminal plus Vexh-diff. 

4. The exhaust VAV damper shall be modulated to maintain the measured airflow at 
setpoint. 

5. Alarms 

a. Low airflow 
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1) If the measured airflow is less than 70% of setpoint for 5 minutes, generate a 
Level 3 alarm.   

2) If the measured airflow is less than 50% of setpoint for 5 minutes, generate a 
Level 2 alarm.   

b. Configure room pressure alarms from room pressure monitor. 

G. Zone Groups (aka Isolation Areas) 

1. Each system shall serve its own Zone Group, composed of a collection of one or more 
zones served by the air handling system. 

2. Each Zone Group shall have separate occupancy schedules and operating modes from 
other Zone Groups served by the air handling system.  All zones in the Zone Group shall 
be in the same operating mode. 

3. Default schedules are continuously Occupied 24/7 except for systems as noted below; 
confirm schedules with Owner prior to programming.   

a. Clinic building 

1) AHU-1 and AHU-2: Occupied weekdays from 5 am to 7 pm 

4. Provide testing/commissioning software switches to override all zones served by the 
Zone Group.  Provide a single software switch for each of the zone override switches 
listed under terminal box control above.  When the Zone Group override switch value is 
changed, the terminal box zone override switch value for each zone in the Zone Group 
shall change to the same value.  This only occurs when the switch changes value; the 
switch at each zone shall be capable of being changed to a different value from the Zone 
Group switch.  These software switches are for commissioning and need not be shown 
on graphics.   

5. Zone Group Operating Modes:  Each Zone Group shall have the following modes: 

a. Occupied Mode:  A Zone Group is in the occupied mode when any of the following is 
true: 

1) The time of day is between the Zone Group
times. 

2) Any zone local override timer (initiated by local override button) is nonzero. 

b. Warm-up Mode:  Warm-up start time shall be determined based on the zone in the 
Zone Group whose space temperature is furthest below its occupied heating 
temperature setpoint, the outside air temperature (using global outdoor air 
temperature sensor, not any associated with AHUs), and a building mass/capacity 
factor.  This factor shall be manually adjusted or self-tuned by the program based on 
internal trending so that all zones in the Zone Group are brought up to their 
occupied setpoint by the scheduled occupied start hour.  The tuning period mode 
shall be turned on or off by a software switch (to allow tuning to be stopped after 
the system has been trained).  Warm-up mode shall start no earlier than 3 hours 
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before the scheduled occupied start hour and shall end at the scheduled occupied 
start hour.   

c. Cool-Down Mode:  Cool-down shall be determined based on the zone in the Zone 
Group whose space temperature is furthest above its occupied cooling temperature 
setpoint, the outside air temperature (using global outdoor air temperature sensor, 
not any associated with AHUs), and a building mass/capacity factor.  This factor shall 
be manually adjusted or self-tuned by the program based on internal trending so 
that all zones in the Zone Group are brought down to their occupied setpoint by the 
scheduled occupied start hour.  The tuning period mode shall be turned on or off by 
a software switch (to allow tuning to be stopped after the system has been trained).  
Cool-down mode shall start no earlier than 3 hours before the scheduled occupied 
start hour and shall end at the scheduled occupied start hour. 

d. Setback Mode:  During other than normal mode and warm-up mode, if any 5 
(adjustable; set to all zones if there are 5 or fewer in Zone Group) zone(s) in the 
Zone Group falls 2 F below its active unoccupied setback setpoint, until all spaces in 
the Zone Group are above their active setback setpoints.     

e. Setup Mode:  During other than normal mode, warm-up mode, and setback mode, if 
any 5 (adjustable; set to all zones if there are 5 or fewer in Zone Group) zone(s) in 
the isolation rises 2 F above its active unoccupied setup setpoint until all spaces in 
the Zone Group are below their active setup setpoints.   

f. Unoccupied Mode:  When the Zone Group is not in any other mode. 

H. Air Handling Unit System Modes: 

1. AHU system modes are the same as the mode of the Zone Groups served by the system.  
When Zone Groups served by an air handling system are in different modes, the 
following hierarchy applies (highest one sets AHU mode) 

a. Occupied mode 

b. Cool-down mode 

c. Setup mode 

d. Warm-up mode 

e. Setback mode 

f. Unoccupied mode 

I. Multiple Zone Air Handlers  

1. These sequences do not include any smoke controls. 

2. Supply Fan Control 

a. Supply Fan Start/Stop 
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1) AH unit fan shall run when system is in any mode other than Unoccupied Mode.  

2) Fan VFDs shall be Hardwire interlocked through high discharge static pressure 
safety relays mounted in the control panel in each fan room area.  The relay 
energizes when high-limit DP switches sense pressure above 3.0 inches 
(adjustable) at the fan discharge relative to the return air plenum, locking out 
the fans until they are reset by a push-button on the panel face.  A pilot light on 
the panel face indicates static pressure safety lockout is in effect. 

3) Totalize current airflow rate from VAV boxes (where available) and display on 
AHU graphic at discharge duct.  Both the AHU AFMS rate and the sum-of-zone 
rates shall be shown adjacent to each other. 

b. Booster Fan Start/Stop (applicable to NW-AHU-2) 

1) Booster fan shall run whenever the supply fan is proven on. 

c. Static Pressure Setpoint (fans with variable speed drives) 

1) Constant volume systems 

a) Setpoint shall be equal to the current existing static pressure setpoint. 

2) Variable volume systems  

a) Revise programming to accumulate zone requests sent from zone 
controllers. 

b) Static pressure setpoint reset:  Setpoint shall be reset using Trim & Respond 
logic (see Paragraph 1.1A.10) with the following parameters: 

Variable Value 
Device Supply Fan 

SP0 0.5 inches 
SPmin 0.1 inches 
SPmax Use existing 

Td 10 minutes 
T 2 minutes 
I 2 
R Zone Static 

Pressure Reset 
Requests 

SPtrim -0.05 inches 
SPres +0.06 inches 

SPres-max +0.13 inches 

d. Static Pressure Control (fans with variable speed drives) 

1) Fan speed shall be controlled to rise very slowly to prevent high pressure trips in 
case all VAV boxes are closed (they should close during unoccupied periods) or 
in case fire/smoke dampers are closed (in some FSD designs, the dampers are 
interlocked to the fan status rather than being controlled by smoke detectors).  
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This can be done by configuring the VFD ramp rate or controlling ramp rate in 
BAS software. 

2) Supply fan speed is controlled to maintain duct static pressure at setpoint when 
the fan is proven on.  See Paragraph 1.1A.9 for minimum speed setpoint. 

3. Supply Air Temperature Control 

a. Control loop is enabled when the supply air fan is proven on, and disabled and 
output set to zero otherwise.   

b. Supply Air Temperature Setpoint 

1) During occupied mode:   

a) Revise programming to accumulate zone requests sent from zone 
controllers. 

b) Setpoint shall be reset from T-min (the design cooling coil leaving air 
temperature per coil schedule) when the outdoor air temperature is 70 F 
and above, proportionally up to T-max when the outdoor air temperature is 
60 F and below.  T-max shall be reset using Trim & Respond logic (see 
Paragraph 1.1A.10) with the following parameters: 

Variable Value 
Device Supply Fan 

SP0 SPmax 
SPmin Design cooling 

coil leaving 
temperature 
from AHU 
schedule 

SPmax 65ºF  
Td 10 minutes 
T 2 minutes 
I 2 
R Zone Cooling 

SAT Requests 
SPtrim +0.2ºF  
SPres -0.3ºF  

SPres-max -1.0ºF  

The net result of this SAT reset strategy is depicted in the chart below: 
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2) During Setup or Cool-Down Modes: Setpoint shall be T-min. 

3) During Warm-Up and Setback Modes: Setpoint shall be 95°F. 
 

c. Systems with separate OA and RA dampers and variable speed fans (Clinic: AHU-1 & 
AHU-2): Supply air temperature shall be controlled to setpoint using a PID loop 
whose output is mapped to sequence the hot water valve (if present), outdoor 
damper, return air damper, and chilled water valve as shown in the diagram below.  
Outdoor air and return air dampers are sequenced rather than complementary (as 
per most standard sequences) to reduce fan power at part loads.  Separate gains 
shall be used for each section of the control map [hot water (if present), 
economizer, chilled water], which are determined by the Contractor to provide 
stable control.  If this is not possible, Contractor shall adjust the precise value of the 
x-axis thresholds shown in the figure to provide stable control.  Outdoor air and 
return air damper minimum and maximum positions are limited for economizer 
lockout and to maintain minimum outdoor airflow rate as indicated below. 

T-max with no Requests 

T-max with 
many Requests 

T-min 

55°F 

Outdoor Air Temperature 60°F 70°F 

53°F 

65°F 
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d. Systems without separate OA/RA dampers or without variable speed fans (D&T: 
AHU-1 thru -4; Central Plant: AHU-1 thru -4; Nursing: AHU-1 thru -3; North Addition: 
AHU-1 & -2): Supply air temperature shall be controlled to setpoint using a PID loop 
whose output is mapped to sequence the hot water valve (if present), economizer 
dampers, and chilled water valve as shown in the diagram below.  Separate gains 
shall be used for each section of the control map [hot water (if present), 
economizer, chilled water], which are determined by the Contractor to provide 
stable control.  If this is not possible, Contractor shall adjust the precise value of the 
x-axis thresholds shown in the figure to provide stable control.  Outdoor air and 
return air damper minimum and maximum positions are limited for economizer 
lockout and to maintain minimum outdoor airflow rate as indicated below. 

100%  

0%  
Supply Air Temperature Control Loop Output Signal 

CHW Valve 

HW Valve (if present) 

 

Outdoor air Damper 
Return air Damper 

MinOA-P 

MaxRA-P MaxOA-P 
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e. Provide a ramp function to prevent rapid changes in HW and CHW valve position 
(more than 10% per minute, adjustable; this is to prevent sudden pressure changes 
in the HW/CHW flow distribution system when the AHU is disabled and erratic 
control when heating/cooling plants initially start after loop has wound up). 

4. Minimum Outdoor Air Control 

a. Determine in conjunction with air balancer the outdoor air damper position that 
provides an outdoor air rate equal to the design rate. Supply fan shall be operating 
at speed that provides design flow and economizer shall be disabled during test 
(economizer outdoor air damper shut and return air damper open). This shall be the 
minimum outdoor air damper position, MinOA-P, that shall be maintained when the 
supply air fan is proven on and the system is in Occupied Mode. Damper shall be 
closed otherwise. 

b. Freeze protection: MinOA-P shall be set to zero if low limit temperature sensor falls 
below 38°F. Minimum outdoor air control is not maintained during cold weather to 
prevent overcooling.  Ventilation will be provided via infiltration and economizer 
operation later in the day. 

5. Economizer Lockout 

a. The normal sequencing of the economizer dampers (above) shall be disabled 
whenever the outdoor air temperature is greater than return air temperature or 
greater than 75°F, and enabled otherwise. Once the economizer is disabled, it shall 
not be re-enabled within 10 minutes, and vice versa.   

1) Systems with separate minimum outside air damper: When economizer is first 
disabled, the return air damper shall be fully opened, wait 15 seconds, then the 
economizer outdoor air damper shall be shut.  After 3 minute time delay, return 

100%  

0%  
Supply Air Temperature Control Loop Output Signal 

CHW Valve 

HW Valve 
(if present) 

Outdoor air Damper 

Return air Damper 

MinOA-P 

MaxRA-P 

MaxOA-P 
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air damper shall be released for minimum outdoor air control (described 
above). 

2) Systems without separate minimum outside air damper: When economizer is 
enabled, MaxOA-P = 100%.  When economizer is disabled, set MaxOA-P to 
MinOA-P.  See minimum outdoor air control above for minimum outdoor air 
damper setpoints. 

6. Relief/exhaust Dampers 

a. Automated relief dampers (Nursing Wing: AHU-1 and AHU-2 only) 

1) Relief/exhaust dampers shall be enabled when the associated supply fan is 
proven on in Occupied Mode; and shall be disabled otherwise. 

2) When enabled, relief/exhaust dampers shall track the outdoor air damper 
position.  Close damper when disabled. 

b. All other relief/exhaust dampers are backdraft dampers. 

7. Return Fans 

a. Return fan operates whenever associated supply fan is proven on. 

b. Variable speed return fans (provide logic for both methods with operator selectable 
switch in the graphics) 

1) Return fan speed shall be controlled to maintain differential between supply 
and return airflow at setpoint, as determined by air balancer. Where more than 
one supply fan is associated with a single return fan, the differential setpoint 
shall reference the sum of the associated supply fan flows. 

2) Return fan speed shall be controlled as a fixed offset from the supply fan speed, 
as determined by air balancer. 

8. Alarms (as applicable) 

a. Maintenance interval alarm when fan has operated for more than 1500 hours:  
Level 5.  Reset interval counter when alarm is acknowledged. 

b. Fan alarm is indicated by the status input being different from the output command 
after a period of 15 seconds after a change in output status. 

1) Commanded on, status off:  Level 2 

2) Commanded off, status on:  Level 4 

c. Filter pressure drop exceeds alarm limit (if total supply flow available):  Level 5.  The 
alarm limit shall vary with fan airflow rate as follows:  
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where DP100 is the high limit pressure drop at design cfm (determine limit from 
filter manufacturer) and DPx is the high limit at airflow rate x expressed as a 
fraction of design airflow rate.  For instance, the setpoint at 50% of design fan 
airflow rate would be (0.5)1.4 or 38% of the design high limit pressure drop.   

d. Filter pressure drop exceeds alarm limit (if total supply flow not available):  Level 5.  
The alarm limit shall vary with fan speed as follows:  

 

where DP100 is the high limit pressure drop at design cfm (determine limit from 
filter manufacturer) and DPx is the high limit at fan speed x expressed as a fraction 
of design speed.  For instance, the setpoint at 50% of design fan airflow rate 
would be (0.5)1.4 or 38% of the design high limit pressure drop.   

e. High supply air temperature (more than 5°F above setpoint) off cooling coils when 
coil control loop is active for longer than 15 minutes and chiller plant is proven on:  
Level 3. 

f. Low supply air temperature (more than 15°F below setpoint) off heating coils when 
coil control loop is active for longer than 15 minutes and boiler plant is proven on:  
Level 3. 

g. Freeze protection low limit temperature sensor below 35°F: Level 3 

h. Pressure relief damper open: Level 3 

i. While cooling valve is closed, if the temperature drop across the cooling coil exceeds 
2°F continuously for 30 minutes; or if the discharge temperature is more than 5°F 
below setpoint for more than 30 minutes continuously:  Level 4 indicating possibly 
leaking valve. 

j. While heating valve is closed, if the temperature rise across the heating coil exceeds 
2°F continuously for 30 minutes; or if the discharge temperature is more than 5°F 
above setpoint for more than 30 minutes continuously:  Level 4 indicating possibly 
leaking valve. 

k. If the outside air temperature is above the supply air temperature setpoint and the 
economizer is enabled and the mixed air temperature is more than 2 F different 
from the outside air temperature for more than 30 minutes continuously; OR if the 
outdoor air temperature is more than 5 F below the supply air temperature 
setpoint and the chilled water valve is open:  Level 4 indicating economizer damper 
control problems.   

l. Low static pressure (more than 0.25 inches below setpoint) when fan control loop is 
active for longer than 5 minutes:  Level 3. 

m.  for 5 minutes.  Level 3 

n.  for 5 minutes.  Level 4 
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9. Testing/Commissioning Overrides:  Provide software points that interlock to a chilled 
water and hot water plant level point to 

a. Force hot water valve full open 

b. Force hot water valve full closed 

c. Force chilled water valve full open 

d. Force chilled water valve full closed 

10. Plant Requests 

a. Cooling CHWST Reset Requests 

1) If the CHW valve is less than 85%, send 0 requests.   

2) If the CHW valve is greater than 95%, send 1 request.   

3) If the supply air temperature exceeds the supply air temperature setpoint by 5°F 
for 5 minutes, send 2 requests. 

b. Chiller Plant Requests.  Send the chiller plant that serves the system a Chiller Plant 
Request as follows: 

1) If the CHW valve is less than 10%, send 0 requests.   

2) If the CHW valve is greater than 95%, send 1 request.   

J. Single Zone Air Handlers and Fan Coil Units 

1. No scope 

K. Chiller plant 

1. Chillers shall be lead/lag alternated per Paragraph 1.1A.11 and as described below.  If a 
chiller is in alarm, its CHW pump shall be disabled. 

2. Chillers are staged in part based on calculated load.  Load is calculated by delta-T and 
measured flow through the primary circuit flow meter, as shown in equation below.  For 
15 minutes after a stage up or stage down transition, do not recalculate load and 
instead keep calculated load constant at the value at the initiation of the transition.  This 
allows steady-state to be achieved and ensures a minimum on- and off-time before 
changing stages.   

 

3. Staging shall be as follows.  Timers shall reset to zero after every stage change.  Each 
stage shall have a minimum runtime of 15 minutes (including Stage 0).  Percent load 
values are percent of total plant design load (Q divided by total chiller design load as 
scheduled on Drawings).  The chiller plant shall include an enabling schedule that allows 
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operators to lock out the plant during off-hours, e.g. to allow off-hour operation of 
HVAC systems except the chiller plant; the default schedule shall be 24/7 (adjustable). 

Stage Chillers 
on 

Nominal 
Capacity Stage up to next stage if either: Stage down to 

lower stage if: 

0 All off 0  
Any Secondary 
Pump is proven 

on 
 

1 CH-1 or 
CH-2 43% 

for 15 minutes 
load greater than: 

30% 
 @ CWST  65°F  

to  
43%  

@ CWST 75°F 

CHW Plant Reset 
= 100 for 15 

minutes, and load 
greater than 25% 

OR 
total secondary 

CHW flow > 1200 
GPM for 10 

minutes 

All Secondary 
Pumps are 

disabled 
 

2 
CH-1 

and CH-
2 

87% 

for 15 minutes 
load greater than: 

60% 
 @ CWST  65°F  

to  
87%  

@ CWST 75°F 

CHW Plant Reset 
= 100 for 15 

minutes, and load 
greater than 50% 

OR total 
secondary CHW 

flow > 2400 GPM 
for 10 minutes 

for 15 minutes 
load less than: 

25% 
@ CWST  65°F  

to  
40%  

@ CWST 75°F 
and total 

secondary CHW 
flow < 1200 GPM 

3 All 
Chillers 100%   

for 15 minutes 
load less than: 

50% 
@ CWST  65°F  

to  
80%  

@ CWST 75°F 
and total 

secondary CHW 
flow < 2400 GPM 

 

4. Whenever there is a stage-up command: 

a. Command operating chillers to reduce demand to 50% of their current load.  Wait 
until actual demand <55% up to a maximum of 5 minutes before proceeding. 

b. Start the next CW and CHW pump.  After next CW pump has proven on, the next 
condenser isolation valve shall be opened.  

c. One minute after valve commanded open, enable the next stage chiller. 

d. Release the demand limit. 
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5. Whenever there is a stage-down command:  

a. Disable last stage chiller 

b. When the controller of the chiller being disabled indicates no request for chilled 
water flow or a minimum of 1 minute has passed, its condenser water isolation 
valve shall be closed and the last stage condenser water pump and chilled water 
pump shall be disabled. 

6. Emergency power: 

a. The following equipment are on emergency power: 

1) Chiller CH-3 

2) Primary chilled water pump CHP-3 

3) Secondary chilled water pump CHP-6 

4) Condenser water pump CWP-3 

5) Cooling tower CT-3A/B 

b. When utility power is lost and availability of generator power confirmed: 

1) Go to Stage 0 

2) Set equipment on e-power to be lead 

3) If any secondary pump is proven, enable the plant at Stage 1 

4) Stage down according to normal sequences above 

c. When utility power is restored: 

1) Release lead/lag rotation and plant staging to normal conditions 

7. Primary chilled water pumps:  

a. Primary chilled water pumps shall be lead/lag alternated with the associated 
dedicated chillers.   

b. See Paragraph 1.1K.4 and Paragraph 1.1K.5 for on/off staging sequence.   

8. Secondary Chilled water pumps:  

a. Pumps shall be lead/lag alternated per Paragraph 1.1A.11.   

b. Lead pump shall operate if there are any Chiller Plant Requests and OAT>LOT and 
shall stop when there are zero Requests. Lockout temperature (LOT) shall be 60ºF 
(adjustable).   
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c. When lead pump is commanded on, pump speed shall be controlled as follows: 

1) Remote DP sensor located near the Nursing Wing NW-AHU-1 shall have a 
reverse acting PID loop to maintain DP at the setpoint determined by the reset 
scheme described in Paragraph 1.1K.10.  The PID loop shall reside in the 
controller to which the DP sensor is wired.  The output of the PID loop shall be a 
value from 5 psi to 30 psi transmitted via the network to the central plant 
controller. 

2) Pump speed shall be controlled by a PID loop maintaining the plant differential 
pressure signal (located near Central Plant CP-AHU-1) at the setpoint 
determined by the remote DP PID loop.  All pumps receive the same speed 
signal.  See Paragraph 1.1A.9 for minimum speed setpoint. 

d. When the lead pump speed exceeds 90% for 2 minutes, the lag pump shall start.  
The lag pump shall stop after it has run a minimum of 10 minutes and pump speed is 
below 40%.   

9. Condenser water pumps:  

a. Condenser water pumps shall be lead/lag alternated per Paragraph 1.1A.11. 

b. See Paragraph 1.1K.4 and Paragraph 1.1K.5 for on/off staging sequence.   

c. When CWP-3 is enabled, its pump speed shall be set to 100%. 

10. CHW Plant Reset 

a. Chilled water supply temperature setpoint and secondary pump differential static 
pressure setpoint shall be reset based on the figure below and the value CHW Plant 
Reset determined as described below.  DPmax shall be determined in conjunction 
with balancer or existing DP setpoint.  Tmin is the design chilled water temperature 
of 44°F.   
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1) CHW Plant Reset shall be reset using Trim & Respond logic (see Paragraph 
1.1A.10) with the following parameters: 

Variable Value 
Device Any CHW 

Pump 
SP0 0% 

SPmin 0% 
SPmax 100% 

Td 15 minutes 
T 5 minutes 
I 2 
R Cooling 

CHWST Reset 
Requests 

SPtrim -2% 
SPres +3% 

SPres-max +7% 

2) CHW Plant Reset logic shall be disabled and value fixed at its last value for 15 
minutes after the plant stages up or down.   

11. Cooling tower 

a. Tower cells are lead/lag alternated per Paragraph 1.1A.11. 

b. Tower staging is based on chiller stage: 

Stage 
Number of 
active Cells 

Tmin+ 
18ºF  

Tmin  

DPmax  

5 psi 

CHW 
setpoint 

CHW 
setpoint 

DP 
setpoint 

DP 
setpoint 

CHW Plant Reset  
0  100%  50%  
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1 2 
2 3 
3 3 

c. The isolation valves for all active cooling tower cells shall be opened when any CW 
pump is proven on and closed otherwise. 

d. Condenser water temperature control 

1) Condenser water return temperature setpoint shall normally be  

CWRTsp = CHWST + LIFTx 

LIFTx= A * PLR + B 

Where PLR is the plant part load ratio (actual chiller load divided by total plant 
design capacity), A =34.4 and B =8.6 but in no case shall LIFTx be less than the 
minimum lift at low load from the manufacturer (12°F) nor more than the 
design lift (43°F).   

2) When chiller CH-3 is enabled, condenser water return temperature setpoint 
shall be 78°F (adjustable) to avoid oil migration issues. 

e. Temperature control 

1) PID loop shall maintain CWRT at setpoint.  PID loop output shall be mapped to 
enabled fans as follows: 

 2 Cells 3 Cells 
 Stage On Stage Off Stage On Stage Off 
Low on Lead Tower 25% 0% 17% 0% 
Low on Lag Tower 50% 25% 33% 17% 
Low on Next Lag Tower - - 50% 33% 
High on Lead Tower 75% 50% 67% 50% 
High on Lag Tower 100% 75% 83% 67% 
High on Next Lag Tower - - 100% 83% 

12. Performance Monitoring  

a. Total plant power.  Calculate total plant power as the sum of chiller power, pump 
power, and cooling tower fan power.  For motors with VFDs, power shall be actual 
power as indicated by the VFD.  For fixed speed motors (e.g. CW pumps), power 
shall be assumed to be fixed at BHP (from equipment schedule) * 0.746 / 0.93 
(approximate motor efficiency). 

b. Summary Data.  For each chiller and total plant, statistics shall be retained and 
displayed on graphic for runtime, average actual efficiency (kW/ton), and average 
demand (tons) and load (ton-hours).  Show on chiller plant graphic: instantaneous 
values, year-to-date totals/averages and previous-year totals/averages.  

13. Alarms 
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a. Maintenance interval alarm when pump has operated for more than 1500 hours:  
Level 5.  Reset interval counter when alarm is acknowledged. 

b. Maintenance interval alarm when chiller has operated for more than 1000 hours:  
Level 5.  Reset interval counter when alarm is acknowledged. 

c. Chiller alarm: Level 2 

d. Emergency off switch:  Level 1 

e. High chiller leaving chilled water temperature (more than 5°F above setpoint) for 
more than 15 minutes when chiller has been enabled for longer than 15 minutes:  
Level 3 

f. Pump or tower fan alarm is indicated by the status input being different from the 
output command after a period of 15 seconds after a change in output status. 

1) Commanded on, status off:  Level 2 

2) Commanded off, status on:  Level 4 

g. Emergency power off switch:  Level 1 

h. Refrigerant detector indicates evacuate level alarm:  Level 1 

i. Refrigerant detector malfunction or warning level alarm:  Level 2 

j. Refrigerant caution level alarm:  Level 3 

k. Excessive CW approach indicating water side fouling:  If leaving condenser water 
temperature is more than 3°F below refrigerant condensing  temperature for 15 
minutes at least 15 minutes after chiller start.   

l. Excessive CHW approach indicating water side fouling:  If leaving chilled water 
temperature is more than 3°F above refrigerant evaporator temperature for 15 
minutes at least 15 minutes after chiller start.   

L. Boiler Plant 

1. Boilers 

a. Boilers shall be lead/lag alternated per Paragraph 1.1A.11. 

b. Lead boiler  

1) The lead system shall be continuously enabled 

c. Lag boiler  

1) The next lag system shall be enabled if: 
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a) The lead boiler is enabled and the HWST remains 10°F below setpoint (see 
reset strategy below) for 15 minutes.   

2) The next lag system shall be disabled if: 

a) The lead system is disabled or  

b) The lag system has run at least 10 minutes and the 10 minute rolling 
90% of the 

nominal capacity of the lead boiler in Btuh  

2. Pumps 

a. Primary pumps 

1) Headered primary pumps shall be lead/lag alternated per Paragraph 1.1A.11 
and associated with boilers B-1 and B-2 only. Third headered pump is standby. 

2) When the lead system is enabled, first start the lead primary pump, then after 
30 seconds, enable the lead boiler.  When the lead system is disabled, first 
disable the boiler, then after 3 minutes turn off the lead pump.  Use similar logic 
for the lag system. 

3) HWP-6 is dedicated to B-3 and shall be enabled and disabled with B-3 staging 
per the timing above. 

b. Secondary pumps 

1) Pumps shall be lead/standby alternated per Paragraph 1.1A.11. 

2) Lead secondary pump shall start if associated Zone Groups are in any mode 
other than Unoccupied Mode, and shall otherwise be disabled.   

c. For variable speed pumps, when any pump is proven on, pump speed shall be 
controlled by a PID loop maintaining the differential pressure signal at the setpoint.  
All pumps receive the same speed signal.  See 1.1A.9 for minimum speed setpoint. 

3. Supply Temperature Control 

a. Leaving water temperature setpoint shall be fixed at 180°F (adjustable through 
graphics). 

b. Hot Water Supply Temperature Reset 

1) Each secondary loop shall have its own setpoint as described below 

a) Loops that serve DHW generators: Setpoint shall be fixed at 180°F 
(adjustable) 

b) Otherwise: Hot water supply temperature setpoint shall be reset from 180°F 
at outside air temperatures of 50°F or below to 120°F at outside air 
temperatures of 80°F or above (all adjustable). 
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c. The secondary hot water supply temperature shall be maintained at setpoint by 
modulating the 3-way bypass valve.  Bypass valve shall be set to normal position 
when secondary loop pumps are disabled. 

4. Alarms 

a. Maintenance interval alarm when pump has operated for more than 1500 hours:  
Level 5.  Reset interval counter when alarm is acknowledged. 

b. Maintenance interval alarm when boiler has operated for more than 2000 hours:  
Level 5.  Reset interval counter when alarm is acknowledged. 

c. Boiler alarm:  Level 2 

d. Low boiler leaving hot water temperature (more than 15°F below setpoint) for more 
than 15 minutes when boiler has been enabled for longer than 15 minutes:  Level 3 

e. Low secondary loop supply temperature (more than 15°F below setpoint) for more 
than 15 minutes when boiler has been enabled for longer than 15 minutes:  Level 3 

f. Pump alarm is indicated by the status input being different from the output 
command after a period of 15 seconds after a change in output status. 

1) Commanded on, status off:  Level 2 

2) Commanded off, status on:  Level 4 

M. Fixed Speed Exhaust Fans 

1. Exhaust fans shall operate when any of the associated system supply fans is proven on 
and any associated Zone Group is in the occupied mode, except  

a. Central plant electrical room EF-2: exhaust fan shall run when associated supply fan 
is proven on and economizer signal is 80% or greater and exhaust fan has been off 
for at least 5 minutes.  

2. Alarms 

a. Generate a Level 5 maintenance alarm when fan has operated for more than 3000 
hours.  Reset interval counter when alarm is acknowledged. 

b. Fan alarm is indicated by the status input being different from the output command 
after a period of 15 seconds after a change in output status. 

c. Commanded on, status off:  Level 2 

1) Commanded off, status on:  Level 4 

N. Miscellaneous Alarms 

1. Points in Hand (Operator Override) via Workstation command (including name of 
operator who made the command) or via supervised HOA switch at output:  Level 4 
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2. Fire alarm (via contact from Division 26 fire alarm system):  Level 1 

3. Fire alarm trouble (via contact from Division 26 fire alarm system):  Level 2 

4. Equipment alarm (for equipment with alarm contacts such as VFDs, AC units):  Level 2 

5. Failure or disconnection of a sensor as indicated by signal widely out of range: Level 2. 

6. Panel or LAN failure:  Level 2 

7. Loss of communication with any device via Gateway (e.g. VFD) for more than 30 
seconds: Level 2 (alarm shall indicate which specific device is not responding). 








































