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SECTION 23 09 23

DIRECT DIGITAL CONTROL FOR HVAC SYSTEMS
04/06

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by the 
basic designation only.

AIR MOVEMENT AND CONTROL ASSOCIATION INTERNATIONAL (AMCA)

AMCA 500-D (1998) Laboratory Methods of Testing 
Dampers for Rating

AMERICAN SOCIETY OF HEATING, REFRIGERATING AND AIR-CONDITIONING 
ENGINEERS (ASHRAE)

ASHRAE FUN IP (2005) Fundamentals Handbook, I-P Edition

CONSUMER ELECTRONICS ASSOCIATION (CEA)

CEA-709.1B (2002) Control Network Protocol 
Specification

CEA-709.3 (1999) Free-Topology Twisted-Pair Channel 
Specification

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

IEEE C62.41.1 (2002) IEEE Guide on the Surges 
Environment in Low-voltage (1000V and 
Less) AC Power Circuits

IEEE C62.41.2 (2002) IEEE Recommended Practice on 
Characterization of Surges in Low-voltage 
(1000V and Less) AC Power Circuits

IEEE Std 142 (1991; Errata 2006) Recommended Practice 
for Grounding of Industrial and Commercial 
Power Systems - IEEE Green Book (Color 
Book Series)

LONMARK INTERNATIONAL (LonMark)

LonMark XIF Guide (2001)  LonMark External Interface File 
Reference Guide; Revision 4.0B

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA 250 (2008) Enclosures for Electrical Equipment 
(1000 Volts Maximum)
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NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 (2007; AMD 1 2008) National Electrical 
Code - 2008 Edition

NFPA 90A (2002; Errata 2003; Errata 2005) Standard 
for the Installation of Air Conditioning 
and Ventilating Systems

U.S. NATIONAL ARCHIVES AND RECORDS ADMINISTRATION (NARA)

47 CFR 15 Radio Frequency Devices

UNDERWRITERS LABORATORIES (UL)

UL 1585 (1998; Rev thru May 2006) UL Standard for 
Safety Class 2 and Class 3 Transformers - 
Fourth Edition

UL 916 (2007) Energy Management Equipment

1.2   DEFINITIONS

The following list of definitions may contain terms not found elsewhere in 
the Section but are included here for completeness.

a.  Application Specific Controller: A device that is furnished with a 
pre-established built in application that is configurable but not 
re-programmable.  An ASC has a fixed factory-installed application 
program (i.e Program ID) with configurable settings.

b.  Binary: A two-state system where an "ON" condition is represented 
by a high signal level and an "OFF" condition is represented by a low 
signal level.  'Digital' is sometimes used interchangeably with 
'binary'.

c.  Binding: The act of establishing communications between CEA-709.1B 
devices by associating the output of a device to the input of another.

d.  Configuration Parameter: Controller setting usually written to 
EEPROM.  Also see 'Standard Configuration Parameter Type (SCPT)'

e.  Control Logic Diagram: A graphical representation of control logic 
for multiple processes that make up a system.

f.  Domain: A grouping of up to 32,385 nodes that can communicate 
directly with each other.  (Devices in different domains cannot 
communicate directly with each other.) Part of the Node Addressing 
scheme.

g.  Explicit Messaging: A method of communication between devices where 
each message contains a message code that identifies the type of 
message and the devices use these codes to determine the action to take 
when the message is received.  These messages are non-standard and 
often vendor (application) dependent.

h.  Gateway: A device that translates from one protocol to another.  
Gateways are also called Communications Bridges or Protocol Translators.
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i.  General Purpose Programmable Controller (GPPC): Unlike an ASC, a 
GPPC is not furnished with a fixed application program.  A GPPC can be 
(re-)programmed, usually using vendor-supplied software.

j.  Monitoring and Control (M&C) Software: The UMCS 'front end' 
software which performs supervisory functions such as alarm handling, 
scheduling and data logging and provides a user interface for 
monitoring the system and configuring  these functions.

1.3   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.

a.  Technical data packages consisting of technical data and computer 
software (meaning technical data which relates to computer software) 
which are specifically identified in this project and which may be 
defined/required in other specifications shall be delivered strictly in 
accordance with the CONTRACT CLAUSES and in accordance with the 
Contract Data Requirements List, DD Form 1423.  Data delivered shall be 
identified by reference to the particular specification paragraph 
against which it is furnished.  All submittals not specified as 
technical data packages are considered 'shop drawings' under the 
Federal Acquisition Regulation Supplement (FARS) and shall contain no 
proprietary information and be delivered with unrestricted rights.

b.  Submit the following in accordance with Section 01 33 00 SUBMITTAL 
PROCEDURES, the CONTRACT CLAUSES and DD Form 1423 and according to the 
sequencing specified in paragraph PROJECT SEQUENCING:

SD-02 Shop Drawings

DDC Contractor Design Drawings

  DDC Contractor Design Drawings shall be submitted in hard copy 
and on CDROM in AutoCAD or Microstation format.

Draft As-Built Drawings

  Draft As-Built Drawings shall be submitted in hard copy and on 
CDROM in AutoCAD or Microstation format.

Final As-Built Drawings

  Final As-Built Drawings shall be submitted in hard copy and on 
CDROM in AutoCAD or Microstation format.

SD-03 Product Data

Manufacturer's Catalog Data

  Product specific catalog cuts shall be submitted for each 
product provided under this specification.

Programming Software

  The most recent version of the Programming software for each 
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type (manufacturer and model) of General Purpose Programmable 
Controller (GPPC) shall be submitted as a Technical Data Package 
and shall be licensed to the project site.  Software shall be 
submitted on CD-ROM and hard copies of the software user manual 
shall be submitted for each piece of software provided.

GPPC Application Programs

  All installed GPPC Application Programs shall be submitted on 
CD-ROM as a Technical Data Package.  The CD-ROM shall include a 
list or table of contents clearly indicating which application 
program is associated with each device. Two copies of the GPPC 
Application Program's CD-ROM shall be submitted.

SD-06 Test Reports

Start-Up and Start-Up Testing Report

  Six copies of the Start-Up and Start-Up Testing Report shall be 
submitted.  The Start-Up and Testing report may be submitted as a 
Technical Data Package.

SD-10 Operation and Maintenance Data

Operation and Maintenance (O&M) Instructions

  Six copies of the Operation and Maintenance Instructions, 
indexed and in booklet form shall be submitted.  The Operation and 
Maintenance Instructions shall be a single volume or in separate 
volumes, and may be submitted as a Technical Data Package.

Training Documentation

  Training manuals shall be delivered for each trainee on the 
Course Attendee List with 6 additional copies delivered for 
archival at the project site.  Six copies of the Course Attendee 
List shall be delivered with the archival copies. The Training 
Documentation may be submitted as a Technical Data Package.

SD-11 Closeout Submittals

Closeout QC Checklist

  Six copies of the Closeout QC Checklist shall be submitted.

1.4   SYSTEM DESCRIPTION

The Direct Digital Control (DDC) system shall be a complete system suitable 
for the control of the heating, ventilating and air conditioning (HVAC) and 
other building-level systems as specified and shown.

1.4.1   System Requirements

Systems installed under this guide specification shall have the following 
characteristics:.

a.  The hardware shall perform the control sequences as specified and 
shown to provide control of the equipment as specified and shown.
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b.  Control sequence logic shall reside in DDC hardware in the 
building.  The building control network shall not be dependent upon 
connection to a Utility Monitoring and Control System (UMCS) for 
performance of control sequences in this specification.  The hardware 
shall, to the greatest extent practical, perform the sequences without 
reliance on the building network.

c.  The hardware shall be installed such that individual control 
equipment can be replaced by similar control equipment from other 
equipment manufacturers with no loss of system functionality.

d.  All necessary documentation, configuration information, 
configuration tools, programs, drivers, and other software shall be 
licensed to and otherwise remain with the EMWD such that the EMWD or 
their agents are able to perform repair, replacement, upgrades, and 
expansions of the system without subsequent or future dependence on the 
Contractor.

e.  The Contractor shall provide sufficient documentation and data, 
including rights to documentation and data, such that the EMWD or their 
agents can execute work to perform repair, replacement, upgrades, and 
expansions of the system without subsequent or future dependence on the 
Contractor.

h.  Hardware shall be installed and configured such that the EMWD or 
their agents are able to perform repair, replacement, and upgrades of 
individual hardware without further interaction with the Contractor.

f.  Control hardware shall be installed and configured to provide all 
input and output Standard Network Variables (SNVTs) as shown and as 
needed to meet the requirements of this specification.

g.  All DDC devices installed under this specification shall 
communicate via CEA-709.1B.  The control system shall be installed such 
that a SNVT output from any node on the network can be bound to any 
other node in the domain.

1.4.2   Verification of Dimensions

After becoming familiar with all details of the work, the Contractor shall 
verify all dimensions in the field, and shall advise the Contracting 
Officer of any discrepancy before performing any work.

1.4.3   Drawings

The Drawings will not indicate all offsets, fittings, and accessories that 
may be required on the drawings.  The Contractor shall carefully 
investigate the mechanical, electrical, and finish conditions that could 
affect the work to be performed, shall arrange such work accordingly, and 
shall provide all work necessary to meet such conditions.

1.5   QUALITY CONTROL (QC) CHECKLISTS

The Contractor's Chief Quality Control (QC) Representative shall complete 
the QC Checklist in APPENDIX A and submit a Pre-Construction QC Checklist, 
Post-Construction QC Checklist and a Closeout QC Checklist as specified.  
The QC Representative shall verify each item in the Checklist and initial 
in the provided area to indicate that the requirement has been met.  The QC 
Representative shall sign and date the Checklist prior to submission to the 
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Government.

1.6   DELIVERY AND STORAGE

Products shall be stored with protection from the weather, humidity, and 
temperature variations, dirt and dust, and other contaminants, within the 
storage condition limits published by the equipment manufacturer.

1.7   OPERATION AND MAINTENANCE (O&M) INSTRUCTIONS

The HVAC control System Operation and Maintenance Instructions shall 
include:

a.  "Manufacturer Data Package 3" as specified in Section 01 78 23 
OPERATION AND MAINTENANCE DATA for each piece of control equipment.

b.  HVAC control system sequences of operation formatted as specified.

c.  Procedures for the HVAC system start-up, operation and shut-down 
including the manufacturer's supplied procedures for each piece of 
equipment, and procedures for the overall HVAC system.

d.  As-built HVAC control system detail drawings formatted as specified.

e.  Printouts of configuration settings for all devices.

f.  Routine maintenance checklist.  The routine maintenance checklist 
shall be arranged in a columnar format.  The first column shall list 
all installed devices, the second column shall state the maintenance 
activity or state no maintenance required, the third column shall state 
the frequency of the maintenance activity, and the fourth column for 
additional comments or reference.

g.  Qualified service organization list.

h.  Start-Up and Start-Up Testing Report.

i.  Performance Verification Test (PVT) Procedures and Report.

1.8   SURGE PROTECTION

1.8.1   Power-Line Surge Protection

Equipment connected to ac circuits shall be protected against or withstand 
power-line surges.  Equipment protection shall meet the requirements of 
IEEE C62.41.1, IEEE C62.41.2.  Fuses shall not be used for surge protection.

1.8.2   Surge Protection for Transmitter and Control Wiring

DDC hardware shall be protected against or withstand surges induced on 
control and transmitter wiring installed outdoors and as shown.  The 
equipment protection shall be protected against the following two waveforms:

a.  A waveform with a 10-microsecond rise time, a 1,000-microsecond 
decay time and a peak current of 60 amps.

b.  A waveform with an 8-microsecond rise time, a 20-microsecond decay 
time and a peak current of 500 amperes.
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1.9   INPUT MEASUREMENT ACCURACY

Sensors, transmitters and DDC Hardware shall be selected, installed and 
configured such that the maximum error of the measured value at the SNVT 
output of the DDC hardware is less than 150% of the maximum allowable error 
specified for the sensor or instrumentation.

PART 2   PRODUCTS

PART 2 of this specification covers requirements for Products (equipment).  
Installation requirements for these products are covered in PART 3 of this 
specification.

2.1   EQUIPMENT

2.1.1   General Requirements

Units of the same type of equipment shall be products of a single 
manufacturer.  Each major component of equipment shall have the 
manufacturer's name and address, and the model and serial number in a 
conspicuous place.  Materials and equipment shall be standard products of a 
manufacturer regularly engaged in the manufacturing of these and similar 
products.  The standard products shall have been in a satisfactory 
commercial or industrial use for two years prior to use on this project.  
The two year use shall include applications of equipment and materials 
under similar circumstances and of similar size.  DDC Hardware not meeting 
the two-year field service requirement shall be acceptable provided it has 
been successfully used by the Contractor in a minimum of two previous 
projects.  The equipment items shall be supported by a service 
organization.  Items of the same type and purpose shall be identical, 
including equipment, assemblies, parts and components. Manufacturer's 
catalog data sheets documenting compliance with product specifications 
shall be submitted as specified for each product installed under this 
specification.

2.1.2   Operation Environment Requirements

All products shall be rated for continuous operation under the following 
conditions:

a.  Pressure: Pressure conditions normally encountered in the installed 
location.

b.  Vibration: Vibration conditions normally encountered in the 
installed location.

c.  Temperature:

(1)  Products installed indoors: Ambient temperatures in the range 
of 32 to 112 degrees F and temperature conditions outside this 
range normally encountered at the installed location.

(2)  Products installed outdoors or in unconditioned indoor 
spaces: Ambient temperatures in the range of  0 to plus 151 
degrees F and temperature conditions outside this range normally 
encountered at the installed location.

d.  Humidity: 10% to 95% relative humidity, noncondensing and humidity 
conditions outside this range normally encountered at the installed 
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location.

2.2   ENCLOSURES AND WEATHERSHIELDS

2.2.1   Enclosures

Enclosures shall meet the following minimum requirements:

a.  Mechanical and Electrical Rooms: Enclosures located in mechanical 
or electrical rooms shall meet NEMA 250 Type 12 requirements.

b.  Other Locations: Enclosures in other locations including but not 
limited to occupied spaces, above ceilings, and plenum returns shall 
meet NEMA 250 Type 1 requirements.

Enclosures supplied as an integral (pre-packaged) part of another product 
are acceptable.

2.2.2   Weathershields

Weathershields for sensors located outdoors shall prevent the sun from 
directly striking the sensor.  The weathershield shall be provided with 
adequate ventilation so that the sensing element responds to the ambient 
conditions of the surroundings.  The weathershield shall prevent rain from 
directly striking or dripping onto the sensor.  Weathershields installed 
near outside air intake ducts shall be installed such that normal outside 
air flow does not cause rainwater to strike the sensor.  Weathershields 
shall be constructed of galvanized steel painted white, unpainted aluminum, 
aluminum painted white, or white PVC.

2.3   WIRE AND CABLE

All wire and cable shall meet the requirements of NFPA 70 and NFPA 90A in 
addition to the requirements of this specification.

2.3.1   Terminal Blocks

Terminal blocks which are not integral to other equipment shall be 
insulated, modular, feed-through, clamp style with recessed captive 
screw-type clamping mechanism, shall be suitable for rail mounting, and 
shall have end plates and partition plates for separation or shall have 
enclosed sides.

2.3.2   Control Wiring for Binary Signals

Control wiring for binary signals shall be 18 AWG copper and shall be rated 
for 300-volt service.

2.3.3   Wiring for 120-Volt Circuits

Wiring for 120-volt circuits shall be 18 AWG or thicker stranded copper and 
shall be rated for 600-volt service.

2.3.4   Control Wiring for Analog Signals

Control Wiring for Analog Signals shall be 18 AWG, copper, single- or 
multiple-twisted, minimum 2 inch lay of twist, 100% shielded pairs, and 
shall have a 300-volt insulation.  Each pair shall have a 20 AWG 
tinned-copper drain wire and individual overall pair insulation.  Cables 
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shall have an overall aluminum-polyester or tinned-copper cable-shield 
tape, overall 20 AWG tinned-copper cable drain wire, and overall cable 
insulation.

2.3.5   Transformers

Transformers shall be UL 1585 approved.  Transformers shall be sized so 
that the connected load is no greater than 80% of the transformer rated 
capacity.

2.4   DAMPERS

2.4.1   Damper Assembly

A single damper section shall have blades no longer than 48 inch and shall 
be no higher than 72 inch.  Maximum damper blade width shall be 8 inch.  
Larger sizes shall be made from a combination of sections.  Dampers shall 
be steel, or other materials where shown.  Flat blades shall be made rigid 
by folding the edges.  Blade-operating linkages shall be within the frame 
so that blade-connecting devices within the same damper section shall not 
be located directly in the air stream.  Damper axles shall be 1/2 inch 
minimum, plated steel rods supported in the damper frame by stainless steel 
or bronze bearings.  Blades mounted vertically shall be supported by thrust 
bearings.  Pressure drop through dampers shall not exceed 0.04 inches water 
gauge at 1,000 ft/min in the wide-open position.  Frames shall not be less 
than 2 inch in width.  Dampers shall be tested in accordance with AMCA 500-D.

2.4.2   Operating Linkages

Operating links external to dampers, such as crank arms, connecting rods, 
and line shafting for transmitting motion from damper actuators to dampers, 
shall withstand a load equal to at least 300% of the maximum required 
damper-operating force.  Rod lengths shall be adjustable.  Links shall be 
brass, bronze, zinc-coated steel, or stainless steel.  Working parts of 
joints and clevises shall be brass, bronze, or stainless steel.  
Adjustments of crank arms shall control the open and closed positions of 
dampers.

2.4.3   Damper Types

2.4.3.1   Flow Control Dampers

Outside air, return air, relief air, exhaust, face and bypass dampers shall 
be provided where shown and shall be parallel-blade or opposed blade type 
as shown on the Damper Schedule.  Blades shall have interlocking edges and 
shall be provided with compressible seals at points of contact.  The 
channel frames of the dampers shall be provided with jamb seals to minimize 
air leakage.  Unless otherwise shown, dampers shall be AMCA 500-D Class 2 
and shall not leak in excess of 20 cfm per square foot at 4 inches water 
gauge static pressure when closed.  Outside air damper seals shall be 
suitable for an operating temperature range of -40 to plus 167 degrees F.  
Dampers shall be rated at not less than 2000 ft/min air velocity.

2.5   SENSORS AND INSTRUMENTATION

Unless otherwise specified, sensors and instrumentation shall incorporate 
an integral transmitter or be provided with a transmitter co-located with 
the sensor.  Sensors and instrumentation, including their transmitters, 
shall meet the specified accuracy and drift requirements at the input of 
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the connected DDC Hardware's analog-to-digital conversion.  Sensors and 
instrumentation, including their transmitters, shall meet or exceed the 
specified range.

2.5.1   Transmitters

The transmitter shall match the characteristics of the sensor.  
Transmitters providing analog values shall produce a linear 4-20 mAdc, 0-10 
Vdc or SNVT output corresponding to the required operating range and shall 
have zero and span adjustment.  Transmitters providing binary values shall 
have dry contacts or SNVT output.  Transmitters with SNVT output are 
Application Specific Controllers (ASCs) and shall meet all ASC 
requirements. (note: ASCs are specified in paragraph DIRECT DIGITAL CONTROL 
(DDC) HARDWARE)

2.5.2   Temperature Sensors

2.5.2.1   Sensor Ranges and Accuracy

Temperature sensors may be provided without transmitters.  Temperature 
sensors, including transmitter if used, shall have minimum operating 
ranges, minimum accuracy and maximum drift as specified below for the 
application:

a.  Conditioned Space Temperature

(1) Operating Range:  50 to 86 degrees F.

(2) Accuracy: +/-  1 degree F over the operating range.

(3) Drift: Maximum 1 degree F per year.

b.  Unconditioned Space Temperature

(1) Operating Range:  20 to 150 degrees F.

(2) Accuracy: +/-  1 degree F over the range of 30 to 131 degrees F
 and +/- 4 degrees F over the rest of the operating range.

(3) Drift: Maximum 1 degree F per year.

c. Duct Temperature 

(1) Operating Range:  40 to 140 degrees F.

(2) Accuracy: +/- 2 degrees F.

(3) Drift: Maximum 2 degrees F per year.

d. Outside Air Temperature

(1) Operating Range: 0 to 140 degrees F.

(2) Accuracy: 

(a) +/- 2 degrees F over the range of -30 to plus 130 degrees F.

(b) +/- 1 degreeF over the range of 30 to 100 degrees F.
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(3) Drift: Maximum 1 degree F per year.

2.5.2.2   Point Temperature Sensors

Point Sensors shall be encapsulated in epoxy, series 300 stainless steel, 
anodized aluminum, or copper.

2.5.2.3   Averaging Temperature Sensors

Averaging sensors shall be a continuous element with a minimum length equal 
to 1 foot/square foot of duct cross-sectional area at the installed 
location.  The sensing element shall have a bendable copper sheath.

2.5.2.4   Differential Pressure Sensors

Differential Pressure Sensor range shall be as shown or as required for the 
application.  Pressure sensor ranges shall not exceed the high end range 
shown on the Points Schedule by more than 50%.  The over pressure rating 
shall be a minimum of 150% of the highest design pressure of either input 
to the sensor.  The accuracy shall be +/- 2% of full scale.

2.5.2.5   Differential Pressure Switch

The switch shall have a user-adjustable setpoint.  The setpoint shall not 
be in the upper or lower quarters of the range.  The over pressure rating 
shall be a minimum of 150% of the highest design pressure of either input 
to the sensor.  The switch shall have two sets of contacts and each contact 
shall have a rating greater than it's connected load.  Contacts shall open 
or close upon rise of pressure above the setpoint or drop of pressure below 
the setpoint as shown.

2.5.3   Flow Sensors

2.5.3.1   Airflow Measurement Array (AFMA)

a.  Airflow Straightener.-AFMAs shall contain an airflow straightener 
if required by the AFMA manufacturer's published installation 
instructions.  The straightener shall be contained inside a flanged 
sheet metal casing, with the AMFA located as specified according to the 
published recommendation of the AFMA manufacturer.  In the absence of 
published documentation airflow straighteners shall be provided if 
there is any duct obstruction within 5 duct diameters upstream of the 
AFMA.  Air-flow straighteners, where required, shall be constructed of 
0.125 inch aluminum honeycomb and the depth of the straightener shall 
not be less than 1.5 inches.

b.  Resistance to airflow.-The resistance to air flow through the AFMA, 
including the airflow straightener shall not exceed 0.08 inch water 
gauge at an airflow of 2,000 fpm.  AFMA construction shall be suitable 
for operation at airflows of up to 5,000 fpm over a temperature range of
0 to 120 degrees F.

c.  Outside air temperature.-In outside air measurement or in 
low-temperature air delivery applications, the AFMA shall be certified 
by the manufacturer to be accurate as specified over a temperature 
range of  0 to plus 120 degrees F.

d.  Pitot Tube AFMA.-Each Pitot Tube AFMA shall contain an array of 
velocity sensing elements.  The velocity sensing elements shall be of 
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the multiple pitot tube type with averaging manifolds.  The sensing 
elements shall be distributed across the duct cross section in the 
quantity and pattern specified by the published installation 
instructions of the AFMA manufacturer.  Pitot Tube AFMAs shall have an 
accuracy of +/- 3% over a range of 500 to 2,500 fpm.

e.  Electronic AFMA.-Each electronic AFMA shall consist of an array of 
velocity sensing elements of the resistance temperature detector (RTD) 
or thermistor type.  The sensing elements shall be distributed across 
the duct cross section in the quantity and pattern specified by the 
published application data of the AFMA manufacturer.  Electronic AFMAs 
shall have an accuracy of +/- 3% percent over a range of 125 to 2,500 
fpm and the output shall be temperature compensated over a range of 32 
to 212 degrees F.

2.5.4   Electrical Instruments

Electrical Instruments shall have an input range as shown or sized for the 
application.  Unless otherwise specified, AC instrumentation shall be 
suitable for 60 Hz operation.

2.5.4.1   Current Sensing Relays (CSRs)

Current sensing relays (CSRs) shall provide a normally-open contact with a 
voltage and amperage rating greater than its connected load.  Current 
sensing relays shall be of split-core design.  The CSR shall be rated for 
operation at 200% of the connected load.  Voltage isolation shall be a 
minimum of 600 volts.  The CSR shall auto-calibrate to the connected load.

2.5.5   Temperature Switch

2.5.5.1   Duct Mount Temperature Low Limit Safety Switch (Freezestat)

Duct mount temperature low limit switches (Freezestats) shall be manual 
reset, low temperature safety switches with a minimum element length of 1 
foot/square-foot of coverage which shall respond to the coldest 18 inch 
segment with an accuracy of +/- 3.6 degrees F.  The switch shall have a 
field-adjustable setpoint with a range of at least 30 to 50 degrees F.  The 
switch shall have two sets of contacts, and each contact shall have a 
rating greater than its connected load.  Contacts shall open or close upon 
drop of temperature below setpoint as shown and shall remain in this state 
until reset.

2.5.6   Damper End Switches

Each end switch shall be a hermetically sealed switch with a trip lever and 
over-travel mechanism.  The switch enclosure shall be suitable for mounting 
on the duct exterior and shall permit setting the position of the trip 
lever that actuates the switch.  The trip lever shall be aligned with the 
damper blade.

2.6   INDICATING DEVICES

All indicating devices shall display readings in English (inch-pound) units.

2.6.1   Thermometers

Thermometers shall not contain mercury. Unless otherwise specified, 
thermometers shall have an accuracy of +/- 3% of scale range.  Thermometers 
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shall have a range suitable for the application with an upper end of the 
range not to exceed 150% of the design upper limit.

2.7   OUTPUT DEVICES

Output Devices with SNVT input are ASCs and shall meet all ASC requirements 
in addition to the output device requirements.  (Note: ASCs are specified 
in paragraph DIRECT DIGITAL CONTROL (DDC) HARDWARE.)

2.7.1   Actuators

Actuators shall be electric electronic.  All actuators shall be normally 
open (NO), normally closed (NC) or fail-in-last-position (FILP) as shown.  
Normally open and normally closed actuators shall be of mechanical spring 
return type.  Electric actuators shall have an electronic cut off or other 
means to provide burnout protection if stalled.  Actuators shall have a 
visible position indicator.  Actuators shall smoothly open or close the 
devices to which they are applied.  Electric actuators shall have a full 
stroke response time in both directions of 90 seconds or less at rated 
load.  Where multiple electric actuators operate from a common signal, the 
actuators shall provide an output signal identical to its input signal to 
the additional devices. 

2.7.1.1   Damper Actuators

Damper actuators shall provide the torque necessary per damper 
manufacturer's instructions to modulate the dampers smoothly over its full 
range of operation and torque shall be at least 6 inch-pounds/1 square foot 
of damper area for opposed blade dampers and 9 inch-pounds/1 square foot of 
damper area for parallel blade dampers.

2.7.2   Relays

Control relay contacts shall have utilization category and ratings selected 
for the application, with a minimum of two sets of contacts enclosed in a 
dust proof enclosure.  Each set of contacts shall incorporate a normally 
open (NO), normally closed (NC) and common contact.  Relays shall be rated 
for a minimum life of one million operations.  Operating time shall be 20 
milliseconds or less.  Relays shall be equipped with coil transient 
suppression devices to limit transients to 150% of rated coil voltage. 

2.8   USER INPUT DEVICES

User Input Devices, including potentiometers, switches and momentary 
contact push-buttons with SNVT output are Application Specific Controllers 
(ASCs) and shall meet all ASC requirements.  (Note: ASCs are specified in 
paragraph DIRECT DIGITAL CONTROL (DDC) HARDWARE).  Potentiometers shall be 
of the thumb wheel or sliding bar type.  Momentary Contact Push-Buttons may 
include an adjustable timer for their output.  User input devices shall be 
labeled for their function.

2.9   MULTIFUNCTION DEVICES

Multifunction devices are products which combine the functions of multiple 
sensor, user input or output devices into a single product.  Unless 
otherwise specified, the multifunction device shall meet all requirements 
of each component device.  Where the requirements for the component devices 
conflict, the multifunction device shall meet the most stringent of the 
requirements.
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2.9.1   Current Sensing Relay Command Switch

The Current Sensing Relay portion shall meet all requirements of the 
Current Sensing Relay input device.  The Command Switch portion shall meet 
all requirements of the Relay output device except that it shall have at 
least one normally-open (NO) contact.

2.9.2   Thermostats

Thermostats shall be multifunction devices incorporating a temperature 
sensor and a temperature indicating device.  Thermostats shall not contain 
mercury (Hg).  In addition, the thermostat shall have the following as 
specified and shown:

a.  A User Input Device which shall adjust a temperature setpoint 
output.

b.  A User Input Momentary Contact Button and an output indicating zone 
occupancy.

c.  A three position User Input Switch labeled to indicate heating, 
cooling and off positions ('HEAT-COOL-OFF' switch) and providing 
corresponding outputs. 

d.  A two position User Input Switch labeled with 'AUTO' and 'ON' 
positions and providing corresponding outputs.

e.  A multi-position User Input Switch with 'OFF' and at least two fan 
speed positions and providing corresponding outputs.

2.10   DIRECT DIGITAL CONTROL (DDC) HARDWARE

2.10.1   General Requirements

All DDC Hardware shall meet the following requirements: 

a.  It shall incorporate a "service pin" which, when pressed will cause 
the DDC Hardware to broadcast its 48-bit NodeID and its ProgramID over 
the network.  The service pin shall be distinguishable and accessible.

b.  It shall incorporate a light to indicate the device is receiving 
power.

c.  It shall incorporate a TP/FT-10 transceiver in accordance with 
CEA-709.3 and connections for TP/FT-10 control network wiring.  It 
shall not have connections to any other network media type.

d.  It shall communicate on the network using only the CEA-709.1B 
protocol.

e.  It shall be locally powered; link powered devices are not 
acceptable.

f.  LonMark external interface files (XIF files), as defined in the 
LonMark XIF Guide, shall be submitted for each type of DDC Hardware.

g.  Application programs and configuration settings shall be stored in 
a manner such that a loss of power does not result in a loss of the 
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application program or configuration settings.

h.  It shall have all functionality specified and required to support 
the application (Sequence of Operation or portion thereof) in which it 
is used, including but not limited to:

(1)  It shall provide input and output SNVTs as specified and 
required to support the sequence and application in which it is 
used. 

(2)  It shall be configurable via standard or user-defined 
configuration parameters (SCPT or UCPT), SNVT network 
configuration inputs (nci), or hardware settings on the controller 
itself as specified and as required to support the sequence and 
application in which it is used.

i.  It shall meet 47 CFR 15 requirements and have UL 916 or equivalent 
safety listing.

2.10.2   Hardware Input-Output (I/O) Functions

DDC Hardware incorporating hardware input-output (I/O) functions shall meet 
the following requirements:

a.  Analog Inputs: DDC Hardware analog inputs (AIs) shall perform 
analog to digital (A-to-D) conversion with a minimum resolution of 8 
bits plus sign or better as needed to meet the accuracy requirements 
specified in paragraph INPUT MEASUREMENT ACCURACY.  Signal conditioning 
including transient rejection shall be provided for each analog input.  
Analog inputs shall be capable of being individually calibrated for 
zero and span.  The AI shall incorporate common mode noise rejection of 
at least 50 dB from 0 to 100 Hz for differential inputs, and normal 
mode noise rejection of at least 20 dB at 60 Hz from a source impedance 
of 10,000 ohms.

 b.  Analog Outputs: DDC Hardware analog outputs (AOs) shall perform 
digital to analog (D-to-A) conversion with a minimum resolution of 8 
bits plus sign, and output a signal with a range of 4-20 mAdc or 0-10 
Vdc.  Analog outputs shall be capable of being individually calibrated 
for zero and span.

c.  Binary Inputs: DDC Hardware binary inputs (BIs) shall accept 
contact closures and shall ignore transients of less than 5 
milli-second duration.  Isolation and protection against an applied 
steady-state voltage up to 180 Vac peak shall be provided.

d.  Binary Outputs: DDC Hardware binary outputs (BOs) shall provide 
relay contact closures or triac outputs for momentary and maintained 
operation of output devices.

(1)  Relay Contact Closures: Closures shall have a minimum 
duration of 0.1 second.  Relays shall provide at least 180V of 
isolation.  Electromagnetic interference suppression shall be 
provided on all output lines to limit transients to non-damaging 
levels.  Minimum contact rating shall be one ampere at 24 Vac.

(2)  Triac outputs: Triac outputs shall provide at least 180 V of 
isolation.
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e.  Pulse Accumulator: DDC Hardware pulse accumulators shall have the 
same characteristics as the BI.  In addition, a buffer shall be 
provided to totalize pulses.  The pulse accumulator shall accept rates 
of at least 20 pulses per second.  The totalized value shall be reset 
to zero upon operator's command. 

2.10.3   Application Specific Controller (ASC)

Application Specific Controllers (ASCs) have a fixed factory-installed 
application program (i.e. ProgramID) with configurable settings.  ASCs 
shall meet the following requirements in addition to the General DDC 
Hardware and DDC Hardware Input-Output (I/O) Function requirements:

a. Unless otherwise approved, all necessary Configuration Parameters 
and network configuration inputs (ncis) for the sequence and 
application in which the ASC is used shall be fully configurable 
through an LNS plug-in.  This plug-in shall be submitted as specified 
for each type of ASC (manufacturer and model).  (Note: configuration 
accomplished via hardware settings does not require configuration via 
plug-in)

b.  Local Display Panel (LDP): The Local Display Panel shall be an 
Application Specific Controller (ASC) with a display and navigation 
buttons.  It shall provide display and adjustment of SNVT inputs and 
SNVT outputs as shown.

2.10.4   General Purpose Programmable Controller (GPPC)

A General Purpose Programmable Controller (GPPC) is not installed with a 
fixed factory-installed application program.  GPPCs shall meet the 
following requirements in addition to the general DDC Hardware requirements 
and Hardware Input-Output (I/O) Function:

a.  All programming software required to program the GPPC shall be 
delivered to and licensed to the project site as specified.

b.  Copies of the installed GPPC application programs as source code 
compatible with the supplied programming software shall be submitted as 
specified.  The submitted GPPC application program shall be the 
complete application necessary for the GPPC to function as installed 
and be sufficient to allow replacement of the installed controller with 
a GPPC of the same type.

PART 3   EXECUTION

3.1   CONTROL SYSTEM INSTALLATION

3.1.1   General Installation Requirements

3.1.1.1   HVAC Control System

The HVAC control system shall be completely installed, tested and ready for 
operation.  Dielectric isolation shall be provided where dissimilar metals 
are used for connection and support.  Penetrations through and mounting 
holes in the building exterior shall be made watertight.  The HVAC control 
system installation shall provide clearance for control system maintenance 
by maintaining access space required to calibrate, remove, repair, or 
replace control system devices.  The control system installation shall not 
interfere with the clearance requirements for mechanical and electrical 
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system maintenance.

3.1.1.2   Device Mounting Criteria

All devices shall be installed in accordance with manufacturer's 
recommendations and as specified and shown.  Control devices to be 
installed in piping and ductwork shall be provided with required gaskets, 
flanges, thermal compounds, insulation, piping, fittings, and manual valves 
for shutoff, equalization, purging, and calibration.  Strap-on temperature 
sensing elements shall not be used except as specified.  Spare thermowells 
shall be installed adjacent to each thermowell containing a sensor and as 
shown.  Devices located outdoors shall have a weathershield.

3.1.1.3   Labels and Tags

Labels and tags shall be keyed to the unique identifiers shown on the 
As-Built drawings.  All Enclosures and DDC Hardware shall be labeled.  All 
sensors and actuators in mechanical rooms shall be tagged.  Airflow 
measurement arrays shall be tagged to show flow rate range for signal 
output range, duct size, and pitot tube AFMA flow coefficient.  Duct static 
pressure taps shall be tagged at the location of the pressure tap.  Tags 
shall be plastic or metal and shall be mechanically attached directly to 
each device or attached by a metal chain or wire. Labels exterior to 
protective enclosures shall be engraved plastic and mechanically attached 
to the enclosure or DDC Hardware.  Labels inside protective enclosures may 
attached using adhesive, but shall not be hand written.

3.1.2   DDC Hardware

DDC Hardware shall be installed in an enclosure.  Except for DDC Hardware 
used to control Terminal Units, where multiple pieces of DDC Hardware are 
used to execute one sequence all DDC Hardware executing that sequence shall 
be on a common local control bus and isolated from all other DDC Hardware.

3.1.3   Local Display Panel (LDP)

Local Display Panels shall be installed in each HVAC System Control Panel 
(HCP) and shall provide SNVT inputs for display and outputs for adjusting 
SNVT values as shown on the Points Schedule.

3.1.4   Room Instrument Mounting

Room instruments, including but not limited to wall mounted thermostats and 
sensors located in occupied spaces shall be mounted 60 inches above the 
floor unless otherwise shown.  Unless otherwise shown on the Thermostat 
Schedule:

Thermostats shall be wall mounted.

3.1.5   Temperature Limit Switch

A temperature limit switch (freezestat) shall be provided to sense the 
temperature at the location shown.  A sufficient number of temperature 
limit switches (freezestats) shall be installed to provide complete 
coverage of the duct section.  Manual reset limit switches shall be 
installed in approved, accessible locations where they can be reset 
easily.  The temperature limit switch (freezestat) sensing element shall be 
installed in a serpentine pattern and in accordance with the manufacturer's 
installation instructions.
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3.1.6   Averaging Temperature Sensing Elements

Sensing elements shall be installed in a serpentine pattern located as 
shown.

3.1.7   Air Flow Measurement Arrays (AFMA))

Outside Air AFMAs shall be located downstream from the Outside Air 
filters.  Pitot Tube AFMA shall not be used if the expected velocity 
measurement is below 700 fpm or for outside airflow measurements.

3.1.8   Duct Static Pressure Sensors

The duct static pressure sensing tap shall be located at 75% to 100% of the 
distance between the first and last air terminal units.  If the transmitter 
is wired in a homerun configuration to an AHU controller, the  transmitter 
shall be located in the same enclosure as the air handling unit (AHU) 
controller(s) for the AHU serving the terminal units.

3.1.9   Dampers

3.1.9.1   Damper Actuators

Actuators shall not be mounted in the air stream.  Multiple actuators shall 
not be connected to a common drive shaft.  Actuators shall be installed so 
that their action shall seal the damper to the extent required to maintain 
leakage at or below the specified rate and shall move the blades smoothly.

3.1.9.2   Damper Installation

Dampers shall be installed straight and true, level in all planes, and 
square in all dimensions.  Dampers shall move freely without undue stress 
due to twisting, racking (parallelogramming), bowing, or other installation 
error.  Blades shall close completely and leakage shall not exceed that 
specified at the rated static pressure.  Structural support shall be used 
for multi-section dampers.  Acceptable methods include but are not limited 
to U-channel, angle iron, corner angles and bolts, bent galvanized steel 
stiffeners, sleeve attachments, braces, and building structure.  Where 
multi-section dampers are installed in ducts or sleeves, they shall not sag 
due to lack of support.  Jackshafts shall not be used to link more than 
three damper sections.  Blade to blade linkages shall not be used.  Outside 
and return air dampers shall be installed such that their blades direct 
their respective air streams towards each other to provide for maximum 
mixing of air streams.

3.1.10   Wire and Cable

Wire and Cable shall be installed without splices between control devices 
and in accordance with NFPA 70 and NFPA 90A.  Instrumentation grounding 
shall be installed per the device manufacturer's instructions and as 
necessary to prevent ground loops, noise, and surges from adversely 
affecting operation of the system.  Ground rods installed by the Contractor 
shall be tested as specified in IEEE Std 142.  Cables and conductor wires 
shall be tagged at both ends, with the identifier shown on the shop 
drawings.  Electrical work shall be as specified in Section 26 20 00 
INTERIOR DISTRIBUTION SYSTEM and as shown.  Wiring external to enclosures 
shall be run in racewaysas follows:
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a.  Wiring other than low-voltage control and low-voltage network 
wiring shall be installed in raceways.

b.  Low-voltage control and low-voltage network wiring not in suspended 
ceilings over occupied spaces shall be installed in raceways, except 
that nonmetallic-sheathed cables or metallic-armored cables may be 
installed as permitted by NFPA 70.

c.  Low-voltage control and low-voltage network wiring in suspended 
ceilings over occupied spaces shall be installed in raceways, except:

(1)  nonmetallic-sheathed cables or metallic-armored cables may be 
installed as permitted by NFPA 70.

(2)  plenum rated cable in suspended ceilings over occupied spaces 
may be run without raceways.

3.2   DRAWINGS AND CALCULATIONS

Contractor shall prepare and submit shop drawings.

3.2.1   DDC Contractor Design Drawings

Drawings shall be on A3 17 by 11 inches sheets in the form and arrangement 
shown.  The drawings shall use the same abbreviations, symbols, 
nomenclature and identifiers shown.  Each control system element on a 
drawing shall be assigned a unique identifier as shown.  The DDC Contractor 
Design Drawings shall be delivered together as a complete submittal.  
Deviations shall be approved by the Contracting Officer.  DDC Contractor 
Design Drawings shall include the following:

a.   Drawing Index and HVAC Design Drawing Legend: The HVAC Control 
System Drawing Index shall show the name and number of the building, 
military site, State or other similar designation, and Country.  The 
Drawing Index shall list all Contractor Design Drawings, including the 
drawing number, sheet number, drawing title, and computer filename when 
used.  The Design Drawing Legend shall show and describe all symbols, 
abbreviations and acronyms used on the Design Drawings.

b.  Damper Schedule: The damper schedule shall contain each damper's 
unique identifier, type (opposed or parallel blade), nominal and actual 
sizes, orientation of axis and frame, direction of blade rotation, 
actuator size and spring ranges, operation rate, positive positioner 
range, location of actuators and damper end switches, arrangement of 
sections in multi-section dampers, and methods of connecting dampers, 
actuators, and linkages.  The Damper Schedule shall include the 
AMCA 500-D maximum leakage rate at the operating static-pressure 
differential.  A damper schedule shall be submitted for each HVAC 
system.

c.  Thermostat Schedule: The thermostat and occupancy sensor schedule 
shall contain each thermostat's unique identifier, room identifier and 
control features and functions as shown.  A thermostat schedule shall 
be submitted for each HVAC system.

e.  Equipment Schedule: The equipment schedule shall contain the unique 
identifier, manufacturer, model number, part number and descriptive 
name for each control device, hardware and component provided under 
this specification.  An equipment schedule shall be submitted for each 
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HVAC system.

m.  Sequences of Operation:  The HVAC control system sequence of 
operation and shall be in the same format as the Contract Drawings and 
shall refer to the devices by their unique identifiers.  No operational 
deviations from specified sequences will be permitted without prior 
written approval of EMWD.  Sequences of operation shall be submitted 
for each HVAC control system.

n.  Controller, Motor Starter and Relay Wiring Diagram: The controller 
wiring diagrams shall be functional wiring diagrams which show the 
interconnection of conductors and cables to each controller and to the 
identified terminals of input and output devices, starters and package 
equipment.  The wiring diagrams shall show necessary jumpers and ground 
connections.  The wiring diagrams shall show the labels of all 
conductors.  Sources of power required for control systems and for 
packaged equipment control systems shall be identified back to the 
panel board circuit breaker number, controller enclosures, magnetic 
starter, or packaged equipment control circuit.  Each power supply and 
transformer not integral to a controller, starter, or packaged 
equipment shall be shown.  The connected volt-ampere load and the power 
supply volt-ampere rating shall be shown.  Wiring diagrams shall be 
submitted for each HVAC control system.

3.2.2   Draft As-Built Drawings

The Contractor shall update the Contractor Design Drawings with all 
as-built data and submit as specified.

3.2.3   Final As-Built Drawings

The Contractor shall update the Draft As-Built Drawings with all final 
as-built data and submit as specified.

3.3   HVAC SYSTEMS SEQUENCES OF OPERATION

Reference the Contract Drawings for HVAC Systems Sequences of Operation.

3.4   CONTROLLER TUNING

The Contractor shall tune each controller in a manner consistent with that 
described in the ASHRAE FUN IP.  Tuning shall consist of adjustment of the 
proportional, integral, and where applicable, the derivative (PID) settings 
to provide stable closed-loop control.  Each loop shall be tuned while the 
system or plant is operating at a high gain (worst case) condition, where 
high gain can generally be defined as a low-flow or low-load condition.  
Upon final adjustment of the PID settings, in response to a change in 
controller setpoint, the controlled variable shall settle out at the new 
setpoint with no more than two (2) oscillations above and below setpoint.  
Upon settling out at the new setpoint the controller output shall be 
steady.  With the exception of naturally slow processes such as zone 
temperature control, the controller shall settle out at the new setpoint 
within five (5) minutes.  The Contractor shall return the controller to its 
original setpoint and shall record and submit the final PID configuration 
settings with the O&M Instructions.

3.5   START-UP AND START-UP TEST

The Contractor shall perform the following startup tests for each control 

SECTION 23 09 23  Page 20



Perris II Desalination Facility DACA87-02-D-0006

system to ensure that the described control system components are installed 
and functioning per this specification.

a.  General: The Contractor shall adjust, calibrate, measure, program, 
configure, set the time schedules, set alarms, and otherwise perform 
all necessary actions to ensure that the systems function as specified 
and shown in the sequence of operation and other contract documents.

b.  Systems Check: An item-by-item check shall be performed for each 
HVAC system;

(1)  Step 1 - System Inspection: With the system shut down, it 
shall be verified that power and main air are available where 
required and that all output devices are in their failsafe and 
normal positions.  Each local display panel shall be inspected to 
verify that all displays indicate shutdown conditions.

(2)  Step 2 - Calibration Accuracy Check: A two-point accuracy 
check of the calibration of each HVAC control system sensing 
element and transmitter shall be performed by comparing the SNVT 
output from the DDC Hardware the sensor is connected to the actual 
value of the variable measured at the sensing element.  Digital 
indicating test instruments shall be used, such as digital 
thermometers, motor-driven psychrometers, and tachometers.  The 
test instruments shall be at least twice as accurate as the 
specified sensor accuracy.  The calibration of the test 
instruments shall be traceable to National Institute Of Standards 
And Technology standards.  The first check point shall be with the 
HVAC system in the shutdown condition, and the second check point 
shall be with the HVAC system in an operational condition.  
Calibration checks shall verify that the sensing element-to-DDC 
system readout accuracies at two points are within the specified 
product accuracy tolerances.  If not, the device shall be 
recalibrated or replaced and the calibration check repeated.

(3)  Step 3 - Actuator Range Check: With the system running, a 
signal shall be applied to each actuator through the DDC Hardware 
controller.  Proper operation of the actuators and positioners for 
all actuated devices shall be verified and the signal levels shall 
be recorded for the extreme positions of each device.  The signal 
shall be varied from live zero to full range, and it shall be 
verified that the actuators travel from zero stroke to full stroke 
within the signal range.  Where applicable, it shall be verified 
that all sequenced actuators move from zero stroke to full stroke 
in the proper direction, and move the connected device in the 
proper direction from one extreme position to the other.

c.  Weather Dependent Test: Weather dependent test procedures that 
cannot be performed by simulation shall be performed in the appropriate 
climatic season.  When simulation is used, the actual results shall be 
verified in the appropriate season.

Test Report: Upon completion of the Start-Up Test, the Contractor shall 
prepare and submit a Start-Up and Start-Up Testing Report documenting the 
results of the tests performed and certifying that the system is installed 
and functioning per this specification, and is ready for the Performance 
Verification Test (PVT).
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3.6   PERFORMANCE VERIFICATION TEST (PVT)

3.6.1   PVT Procedures

The performance verification test procedures shall explain, step-by-step, 
the actions and expected results that will demonstrate that the control 
system performs in accordance with the sequences of operation, and other 
contract documents.  The PVT shall include a one-point accuracy check of 
each sensor.  A control system performance verification test equipment list 
shall be included that lists the equipment to be used during performance 
verification testing.  The list shall include manufacturer name, model 
number, equipment function, the date of the latest calibration, and the 
results of the latest calibration.

3.6.2   PVT Execution

The Contractor shall demonstrate compliance of the control system with the 
contract documents.  Using test plans and procedures approved by EMWD, the 
Contractor shall demonstrate all physical and functional requirements of 
the project.  The performance verification test shall show, step-by-step, 
the actions and results demonstrating that the control systems perform in 
accordance with the sequences of operation.  The performance verification 
test shall not be started until after receipt by the Contractor of written 
permission by the EMWD, based on EMWD approval of the Start-Up and Start-Up 
Testing Report and completion of balancing.  The tests shall not be 
conducted during scheduled seasonal off periods of base heating and cooling 
systems.

3.6.3   PVT Report

Contractor shall prepare a PVT report documenting all tests performed 
during the PVT and their results.  The PVT report shall include all tests 
in the PVT Procedures and any other testing performed during the PVT.  
Failures and repairs shall be documented with test results.

3.7   TRAINING

A training course shall be conducted for EMWD operating staff members in 
the maintenance and operation of the system, including specified hardware 
and software.  The training period, for a total of 8 hours of normal 
working time, shall be conducted within 30 days after successful completion 
of the performance verification test.  The training course shall be 
conducted at the project site and the EMWD reserves the right to videotape 
the training sessions for later use.  Audiovisual equipment and 6 sets of 
all other training materials and supplies shall be provided.  A training 
day is defined as 8 hours of classroom instruction, including two 15 minute 
breaks and excluding lunchtime, Monday through Friday, during the daytime 
shift in effect at the training facility.

3.7.1   Training Documentation

The Contractor shall prepare training documentation consisting of:

a.  Course Attendee List: A List of course attendees which shall be 
developed in coordination with and signed by EMWD.

b.  Training Manuals: Training manuals shall include an agenda, defined 
objectives for each lesson, and a detailed description of the subject 
matter for each lesson.  Where the Contractor presents portions of the 
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course material by audiovisuals, copies of those audiovisuals shall be 
delivered to the EMWD as a part of the printed training manuals.  
Training manuals shall be delivered for each trainee with two 
additional copies delivered for archival at the project site.

3.7.2   Training Course Content

For guidance in planning the required instruction, the Contractor shall 
assume that attendees will have a high school education or equivalent, and 
are familiar with HVAC systems.  The training course shall cover all of the 
material contained in the Operating and Maintenance Instructions, the 
layout and location of each controller enclosure, the layout of one of each 
type of unitary equipment and the locations of each, the location of each 
control device external to the panels, preventive maintenance, 
troubleshooting, diagnostics, calibration, adjustment, commissioning, 
tuning, repair procedures, use of LNS Plug-ins, and use of the GPPC 
Programming software.  Typical systems and similar systems may be treated 
as a group, with instruction on the physical layout of one such system.  
The results of the performance verification test and the Start-Up and 
Start-Up Testing Report shall be presented as benchmarks of HVAC control 
system performance by which to measure operation and maintenance 
effectiveness.
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APPENDIX A

QC CHECKLIST

This checklist is not all-inclusive of the requirements of this specification 
and should not be interpreted as such.

This checklist is for (check one:)
      Pre-Construction QC Checklist Submittal  (Items 1-5)   |____|
                  
      Post-Construction QC Checklist Submittal (Items 1-12)  |____|          

      Close-out QC Checklist Submittal (Items 1-19)          |____|

Initial each item in the space provided (|____|) verifying that requirement 
has been met.

Items verified for Pre-Construction, Post-Construction and Closeout QC 
Checklists Submittal:        
                                                       
  1   All DDC Hardware (nodes) are numbered on Control System        |____|
      Schematic Drawings. 

  2   Signal lines on Control System Schematic are labeled with      |____|
      the signal type.

  3   Local Display Panel (LDP) Locations are shown on Control       |____|
      System Schematic drawings.

  4   Points Schedule drawings have been sub-divided by device (DDC  |____|
      Hardware), including DDC Hardware node numbers.

Items verified for Post-Construction and Closeout QC Checklist Submittal: 

  5   System Scheduler functionality has been installed for all      |____|
      HVAC systems and default schedules have been configured at 
      each System Scheduler.

  6   All sequences are performed as specified using DDC Hardware.   |____|

  7   Training schedule and course attendee list has been            |____|
      developed and coordinated with shops and submitted.

Items verified for Closeout QC Checklists Submittal:  
              
  8   Final As-built Drawings, including the Points Schedule         |____|
      drawings accurately represent the final installed system.          

  9   Programming software has been submitted for all General        |____|
      Purpose Programmable Controllers (GPPCs).

 10   All software has been licensed to EMWD                         |____|

 11   O&M Instructions have been completed and submitted.            |____|
                                 
 12   Training course has been completed.                            |____|
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QC CHECKLIST

________________________________________________________         
   (QC Representative Signature)               (Date)   

         -- End of Section --
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