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SECTI ON C- 01010
PRQJIECT SYNOPSI S

PART 1 - GENERAL

1.1 Provide all |abor, equipnment, supplies, consultant services and
materials to design and construct a new Fully Contained Small Arnms Range
Conplex for the training of military personnel. The project will include

facilities for certification in the use of handguns with a maxi mum cal i ber of
45, shotguns that utilize 12 gauge slugs, rifles and machine guns with a

maxi mum cal i ber of 7.62mm The range will include 21 firing line positions for
pistols, rifles and shotguns and two safety lanes. In addition, two special
firing line positions and two safety |anes for machine guns is required. Range
support functions include a bullet trap area, weapons mai ntenance / cleaning
room classroons, admnistrative offices, target storage & repair, storage of
range supplies / equipnment and an alarmed arns vault. The project also

i ncludes denolition of existing utilities and rempoval of an existing building
slab on the new construction site. Provide a conplete and usable facility,
including all site requirenents and site restoration to nmeet the requirenents
cont ai ned herein. The Contractor will be required to prepare origina

drawi ngs using a CADD System (as defined in Section 01021) and shall supply a
record of the as-built drawi ngs on magnetic nedia in Mcrostation format to
the Governnent at the conpletion of the project.

Base Bid — This project will consist of a Base Bid and Options. Al design and
construction for this RFP is included as part of the Base Bid, except for the
Bid Options identified as foll ows:

Option #1 — Furniture (See 01020, 4.2 and 4. 3)
1.2 RFP DOCUMENTS

1.2.1 These RFP docunents set forth the paranmeters for the devel opment of a
full and conpl ete design

1.2.2 These RFP docunents are provided as a performance standard. The
Contractor is required to independently prepare and subnit for approval a
conpl ete Design. The Contractor’s Design Professionals shall independently
confirm and be responsible for the technical accuracy and adequacy of al
aspects of the design.

1.2.3 Where conflicts or question arise regarding the application of the
requi renents outlined in the RFP docunments, the follow ng order of precedence
shal | apply:

RFP specification section 01020
RFP specification section, 01021
RFP specification section 01010
RFP Dr awi ngs

BwnRE
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5. UFGS Techni cal Specifications
6. WPAFB Base Facility Standard

1.2.4 The RFP docunents are intended to define the functional and aesthetic
proj ect Design/Build requirenents. The contractor is responsible for the
desi gn and coordi nati on necessary to provide a conplete and useable facility
in accordance with the RFP requirenents. The RFP documents are not intended

to be construction docunments. It is expected that the contractor wll
i nvestigate the RFP requirements and i ndependently further devel op the design
to sufficiently prepare a proposal. The Contractor shall involve their

subcontractors (including their designer) in the preparation of the proposal
1.3 PROPOSAL REQUI REMENTS

1.3.1 Respondents to this Request for Proposal (RFP) nust provide sufficient
data and detail in their proposal, as indicated in Section 00115 of this
solicitation.

1.4 UTI LI TI ES

1.4.1 Unless noted otherwise in this solicitation, respondents shall assume
that adequate utility capacities for power, comruni cations, water, steam
sanitary sewer, and storm sewer are available at the site to support the
facility. Upgrading the existing utilities (unless noted otherw se) outside
the limts of construction is not a part of this project.

1.5 CODES AND STANDARDS

1.5.1 Conply with the applicable current state, |ocal and National Codes &
St andards, requirenents of product manufacturers, authorities having
jurisdiction and requirements of these RFP documents in the preparation
of the project final design and construction. The current edition of
the Codes and Standards applicable to this project include, but are not
limted to (where there are discrepanci es between codes the nost
stringent requirenent shall apply):

" Wi ght-Patterson Base Facility Standard, Edited Edition Attached

. U.S. and Ghio Environmental Protection Agency applicable standards and
codes

. I nternational Building Code (I1BC) 2000

. NFPA 24

. NFPA 72

. NFPA 101, Life Safety Code

. NFPA 10, 13, 17, 90A, 90B, 96

. ASHRAE Fundanent al s Handbook

. ASHRAE St andard 62-1989

. Nat i onal Standard Pl unbi ng Code

. I nternational Mechani cal Code

. Nat i onal El ectrical Code

. Cccupational Safety and Health Act (OSHA) - applicable standards and
regul ations of the latest edition

. Asphalt Institute Standards
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. American Concrete Institute (ACl)

. Architectural Wodwork Institute (AW)

. American National Standards Institute (ANSI)

. American Wel di ng Society (AW5) “Structural Welding Code”

" Anmerican Water Works Association (AWMN)

. American Society for Testing and Materials (ASTM

" ASCE 7-98, M ni mum Design Loads for Buildings and G her Structures
. NFPA 75

. NFPA 24

1.6 SPECI FI CATI ONS

1.6.1 The RFP is intended to provide mnimum standards for quality of
materials and construction. The RFP shall be used by the Design/Build
Contractor as the basis for devel opment of a conprehensive specification

1.6.2 The gui de specifications have been included to ensure a level of quality
expected in Mlitary Construction and, in many cases, exceed what is required
for a nerely functional project. The Governnent has included these

requi renents for a nunmber of reasons, including better efficiency, |onger

life, |less maintenance, etc. Guide specification paragraphs describing

mat eri al s and equi pnent that are to be used on this project, as well as the
associ ated installation, execution, and general requirement paragraphs, shal
be retained verbatimin the final specifications. Paragraph nunbering shal

not be altered. |napplicable paragraphs shall be replaced with the words " Not
Used" while retaining the paragraph nunber.

1.6.2 The Design/Build Contractor shall provide typed edited copy of
specifications for the design using Specintact format.

1.7 USE OF THE PRQIECT SITE

1.7.1 Contractor shall have use of the project site for execution of the work
as defined in the requirements of Construction Considerations and Use of

Premi ses outlined in Section 01020. Entrance into and interface with the
surrounding facilities shall be coordinated in advance with the Contracting
Oficer. The project site is “secured” within the fenced boundari es of the
Base. Access will require advance notice and security passes at all tines.

1.8 SAFEKEEPI NG OF PRODUCTS AND MATERI ALS

1.8.1 Contractor shall assume full responsibility for protection and
saf ekeepi ng of products and naterials stored on the site under this Contract.

1.9 AS- BUI LT DRAW NGS
1.9.1 Contractor shall provide as-built drawi ngs (electronic file) to the
Contracting OFficer. Refer to Specification Section 01021, Design Subm ssion

Requi rements After Award and section 00800 for specific requirenents.

1.10 PERM TS
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1.10.1 General I nformation:

1.10.1.1 Contractor is required to investigate, subnmit for any permts
necessary for the design and construction of this facility. Al permt
applications shall be submitted to the Contracting O ficer Representative;
refer to Section 01020 for environnmental permitting requirenments (Contractor
will pay all pernmt fees):

1.10.1.2 New steam water, sanitary sewer, and electrical service will be
extended to the new building site fromlocal adjacent utilities. Existing
utilities at the demolition site will be renoved and / or capped bel ow grade.

1.10.1.3 The following permtting requirements are antici pated:
1.10.2 Storm Water Pernmit Requirenents:

*4

1.10.2.1 An NPDES Permit will be required. The contractor shall pay all fees
associated with the permit or Notice of Intent and shall prepare docunents as
required to obtain the permt. A check for the appropriate anount shall

acconpany the draft NO package descri bed bel ow. *4
*4

1.10. 2.2 Because this project will disturb nore than one (1) acre of |and
(requirement is effective 10 March 2003), a National Pollution Discharge
Eli m nati on System Notice of Intent (NO) will be required to be issued by the
Chi o EPA. The Design / Build Contractor shall prepare the follow ng docunments
prior to ground disturbing activities. *4
*4

a. Prepare a Stormvater Pollution Prevention Plan (2 copies — 1 to be
mai nt ai ned on site, 1 to the Contracting Officer). Refer to the Ohio EPA web
site for information http://ww. epa. state.oh/us/dsw). *4

*4

b. Prepare a Notice of Intent (NO) a mnimmof 60 days prior to the
comrencenent of construction, consisting of:
*4

= NO Application Form
= NO Application Instructions
= SWPP

= 8-1/2" x 11" drawi ng of excavation area, including adjacent
areas (4 copies)

= NO fees in accordance with the Chio EPA schedule for sites
greater than lacre.

*4
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Submit the documents to the Contracting O ficer for coordination with the

Wi ght-Patterson Base Environmental office for review and subm ssion to the
OChio EPA. Delays resulting frominadequate docunments shall be the
contractor’s responsibility. *4

1.10.2.3 The Design / Build Contractor shall prepare a Notice of Term nation
(NOT) thirty (30) days after conpletion of the project. Prepare and subnmit the
foll owi ng:

a. NOT Application Formnotifying the Chio EPA of term nation of activity
b. NOT Application Instructions

Submit docunents to the Contracting O ficer for coordination with the Wi ght-
Patterson Base Environnental office for review and subm ssion to the Chi o EPA

1.10.3 Water Main Permit Requirenents:

1.10.3.1 An Chio EPA Plans Approval is required for the extension of water
mai n service to the building. The Design / Build Contractor shall prepare and
submit the foll ow ng:

a. Plans and profiles of the new water main, including adjacent and
intersecting utilities, design details and construction specifications.

b. A conpleted Chio EPA “Water Supply Data Sheet” and “Fee Wbrksheet”. Copies
of these forms are available fromthe Ohio EPA

c. Application fee is calculated at 0.20% of the water main construction cost
pl us $100. 00.

1.10.4 Natural Gas Main Permt Requirenments:

1.10.4.1 None required.

1.10.5 Air Permts:

1.10.5.1 An Air Pernmit may be required for the Range Exhaust system
Contractor shall investigate the pernmit requirenent during the design process.
If a permit is required, the Contractor shall prepare all permt application
docunents and subnit to the Contracting Office for coordination through the
WPAFB Base Environnental O fice
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1.11 SHOP DRAW NG REVI EW AND APPROVAL

1.11.1 Contractor’s “Designer of Record” shall be required to review and
approve all shop drawi ngs that are required by the design

1.11.2 Submittals for the above shop drawi ngs shall be in accordance with
Section 01331. Governnment may review these submittals for conpliance with the
contract.

PART 2 - DESCRI PTI ON OF RFP PROCESS
2.1 GENERAL

2.1.1 This project will be designed and constructed by a single firmor team
of firms (the Contractor), that has registered architects and engi neers

enpl oyed by or subcontracted to their organization. The Contractor is
responsi bl e for the design and construction whether the Contractor uses
architects and engineers fromw thin his organization or subcontracts with an
outside Architect/Engineer firns(s) for design services.

2.1.2 An outline description of the Design-Build (DB) process follows:

2.2 PROPOSAL PHASE

2.2.1 The Proposal Phase includes that tinme from announcement of the project
t hrough the selection process and the final award of the contract to the

successful O feror.

2.2.2 To be considered for selection, respondent nust subnit all required
docunents as specified in Section 00115.

2.2.3 The Corps of Engineers will evaluate the proposals and will award the
contract to a single Oferor based upon criteria, which is outlined in Section
00130 (Eval uation Factors and Award). The Governnent may accept any
alternates as determined to be in its best interest.

2.3 DESI GN & CONSTRUCTI ON PHASE

2.3.1 Refer to specification Section 01021 for information regarding the
requi renments during design and construction

PART 3 - PROJECT SCHEDULE
3.1 GENERAL

3.1.1 The Contractor shall conplete the entire work ready for use as stated in
Section 00800, paragraph 1.3.

3.1.2 Refer to Sections 00115 and 00130 for the schedule to be submtted with
t he proposal
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3.1.3 The schedul e nmust allow 21 days after receipt for Governnent review of
each design submittal. |If the submittal arrives on Friday or a weekend, the
review tinme starts on the foll owing Monday. Sufficient time should be
included in the schedule for mailing, a review neeting at Wight-Patterson
AFB, correction of the docunments by the contractor and backcheck of the
corrections by the Government and the contractor together, at each design
submittal.

3.1.4 The contractor nust ensure that all elenents of his team concur in the
design and in responses to coments before being submitted to the Governnent
for review. Delays because sub-contractors do not agree with the design or

coment responses will be the Contractor’s responsibility.

*1
3.2 SUMMARY LI ST OF MAJOR M LESTONE EVENTS DURI NG DESI GN & CONSTRUCTI ON

Contract Award / Design Notice to Proceed (NTP).

Submit Design Quality Control PIan.

Submit required state construction and NPDES permts

Predesi gn/build Meeting and Vol untary Partnering Wrkshop.

Submit Phase | Design.

Recei ve Government Revi ew Comments.

Conduct Revi ew Meeti ng.

Di stribute conments, responses and neeting mnutes.

Make design corrections/revisions to design.

10. Phase | Construction NTP

11. Submit Phase Il Uncorrected Final Design.

12. Receive Governnment Revi ew Conments.

13. Conduct Revi ew Meeti ng.

14. Distribute coments, responses and neeting m nutes.

15. Make design corrections/revisions to design.

16. Phase Il 100% Desi gn Backcheck.

17. Subnmit Phase Il Certified 100% Desi gn.

18. Phase Il Construction NTP (5 days after Phase Il Certified 100%
Desi gn submi tted).

19. Project Substantial Conpletion.

©CONOOEWNE

Proj ect Schedul e as shown above represents the governnment's estimate of tinme
required to conplete the project. *1
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-- End of Section --
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SECTI ON 01020

GENERAL DESI GN REQUI REMENTS
PART 1 - GENERAL

1.1 GENERAL REQUI REMENTS:

1.1.1 The project will include facilities for a new 2,653SM Fully Contained
Small Arns Range for certification in the use of handguns, shotguns, rifles and
machi ne guns. The range wll include 21 firing line positions for pistols,

rifles and shotguns and two special firing line positions for machine guns and
safety lanes. Range support functions include a bullet trap area, weapons
mai nt enance / cl eaning room classroons, adnministrative offices, target storage
& repair, storage of range supplies / equipnent and an alarned arns vault. The
project also includes denplition of existing utilities and renobval of an
exi sting building slab on the new construction site.

1.1.2 Al aspects of this project, including but not limted to, the RFP
requi renents, derolition of facilities, extension, interface, and connection of
all required utilities, and all necessary site demplition and devel opment shal
be included in this Design/Build contract.

1.1.3 Site Plans, Building Plans, Elevations and specifications are provided as
gui dance in outlining the project devel opnent requirenents. The Contractor wll
be fully responsible for preparing independently devel oped 100% conpl ete design
docunents.

*1
The Contractor shall incorporate the following into the design and construction

A.  Add operable awning wi ndows to (2) locations for a total of (4) w ndows
in Room 109 (Cl assroon). W ndows shall be as detailed in project draw ngs
and simlar to requirenments for Room 106 (Office). Wndow |locations shall be
coordi nated with exterior wall panels.

B. Relocate elevated instructional platformin Room 109 (Cl assroon) from East
wall to West wall. Relocate all electrical and comuni cation requirenments as
required.

*1

1.1.4 Al itens listed in Section 01020 - GENERAL DESIGN REQU REMENTS are
included to define the scope of the conplete design and construction
requirenents for this contract. The Contractor is responsible to develop a
conpl ete design, sufficient to fulfill the requirenents of this RFP. Refer to
SECTI ON 01021, DESI GN SUBM SSI ON REQUI REMENTS AFTER AWARD for design submtta

requi renents.

1.1.5 Drawings included in this RFP are provided as general guidance for design
construction and quality. It shal | be the Design/Build Contractor’s
responsibility to verify the accuracy of the docunents provided.

1.1.6 Any trade nanes identified are used to indicate a level of quality and/or
conpatibility required.

1.1.7 Affirmative Procurement is defined as the process of purchasing
environnental ly preferable products, especially products manufactured from
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recycled and reclained materials. The United States Environmental Protection
Agency (USEPA) has designated 54 guideline items in the Conprehensive
Procurement Guideline (CPG |1l for mandatory procurenment. These CPG products
are products that are or can be nade containing recycled materials. A current
detailed listing of these products and recycled content requirements can be
found on USEPA's web site at http://ww.epa. gov/cpg/products. htm In the CPG

t he USEPA organi zes these itens into 8 product categories as follows:

Construction Products
Landscapi ng Products

Non- paper Office Products
Paper and Paper Products
Par k and Recreation Products
Transportation Products

Vehi cul ar Products

M scel | aneous Products

® N Ok wNE

1.1.7.1 The Design/Build Contractor is required to research, propose, and
utilize these designated products, and any other recycl ed-content products
available in the market place. CPG products with the highest percentage of
recovered materials practicable shall be utilized, unless otherw se specified,
or if one or nore of the follow ng exenptions apply:

Does not neet appropriate performance specifications.

I's not avail able conpetitively (fromtwo or nore sources).
I's not available within a reasonable time frane.

Is only avail able at an unreasonabl e price.

PwonNE

1.1.7.2 The contractor shall certify that the percentage of recovered materials
to be used in the performance of the contract will be at |east the amount

requi red by applicable specifications or other contractual requirements, and
shall also estimate the percentage of total material utilized for the
performance of the contract which is recovered material. |f CPG products are
not utilized, the contractor shall provide witten explanation and docunentation
as to why the products were not used.

PART 2 - S TE REQU REMENTS

2.1 EXI STI NG SI TE CONDI TI ONS

2.1.1 The project site is located in Area A, bound by Skeel Avenue on the south,
Conmuni cati ons Boul evard on the east, Newark Street on the north and Buil di ng
879 on the west. The site is relatively flat and has an old building slab and
footings remai ning. Existing asphalt and concrete paving surrounds nost of the
area around the existing building slab. Base Civil Engineering currently uses
the site as an outside storage area.

2.1.2 Contractor shall renove the existing concrete building slab, footings,
foundati ons, concrete and asphalt paving, and any other existing structures
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within the project site. The Contractor shall renpve the existing entrance
paverment to the construction site from Newark Street as shown on the plan

2.1.3 A topographic survey has been performed. The site has approxi mately one
meter of total relief across the site. The survey information is shown on the
existing site plan. Existing utility locations are plotted on the existing site
based on field observations or fromexisting utility plans. Contractor shal
confirmall utility locations prior to beginning any work on the site.

2.1.4 A prelimnary geotechnical analysis has been perforned. A summary of
prelimnary findings indicates the follow ng:

a. The new building site includes asphaltic concrete and concrete (from existing
roadways) Asphaltic concrete is 2"thick +/- with a 6” +/- granul ar base.
Concrete is 6”"+/- thick with a 3" +/- granul ar base.

b. The new building site includes an existing building foundation and fl oor
slab. Floor slab is 6-1/2" +/- thick with a 6” granul ar base.

c. Existing Fill soils were encountered at the south end of the new building
site. Fill should be considered uncontrolled and not suitable for direct
foundati on support. Renove any uncontrolled fill and replace with structura

fill.

d. Columm and wall foundations bearing within the natural undisturbed soils or
upper medi um dense granul ar outwash soils can be designed for net allowable
bearing capacities of 4,000 and 3,000 psf respectively.

e. Boring logs are provided at the end of this specification section. Contractor
shall use the boring log data to establish the appropriate depth of
excavation to reach suitable undisturbed soils for the foundation and
buil ding floor slab. Contractor shall provide structural fill as required to
establish final grades for construction. The boring logs are not intended to
replace the Contractor’s responsibility to perform an i ndependent
geot echni cal anal ysis as required herein.

The D/B Contractor is responsible to confirmthe information provided and do any
addi tional investigation or analysis to confirmthe existing soil conditions and
provi de appropriate recomrendati ons for the building design. The Contractor

shall conduct an i ndependent geotechnical analysis and will be conpletely
responsi bl e for the building foundation design.

2.2 SITE PREPARATI ON

2.2.1 Al existing paving, building slabs, building footings, paving materials,
drai nage structures and piping, vegetation, debris, and surface soils containing
organic materials shall be removed fromthe construction area and renoved from
the site. Suitable topsoil shall be stockpiled for use in final grading. During
stripping and rough grading, positive surface drainage shall be maintained to
prevent the accumrul ati on of water

2.2.2 The exposed sub grade in the building and pavenent areas shall be proof
rolled to detect unsuitable near-surface soil conditions. Proof rolling shal

be done after a suitable period of dry weather to avoid degrading an ot herw se
accept abl e sub grade. Proof rolling shall be done with a heavily | oaded tandem
dunmp truck or simlar approved construction equipnent. Soft, organic, plastic,
or excessively wet soils shall be excavated and replaced with conpacted
backfill. Contractor shall have his Geotechnical Engi neer inspect the subgrade
and observe / supervise proof rolling operations.

2.2.3 Sedinment and erosion control measures shall be required to be installed
and mai ntained by the contractor for the duration of the construction.
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2.2.4 Repair existing surrounding pavenent and site that is disturbed or damaged
during the project construction

2.2.5 Provide any required additional fill or topsoil necessary to establish the
required finish grades.

2.2.6 The existing overhead steam line from building 10867 to 10879 shall be
removed. For bidding purposes, the Contractor shall assune the steam line is
insulated with Asbestos Containing Material (ACM. Test insulation for ACM |f
it is determined to be ACM renove and dispose of per the requirenments of
section 02085.

2.3 GRADI NG
2.3.1 Before any required filling operations begins, representative sanpl es of
the proposed fill nmaterial shall be tested to determine the maxi numdry density,

opti mum nmoi sture content, natural npisture content, gradation, and plasticity of
the soil for quality control during grading conmpacti on operations.

2.3.2 Al conpacted fill should be constructed by spreadi ng satisfactory
material in |oose |ayers not nore than 200 mm thick and conpacting per the
speci fications and the geotechnical report.

2.4 SITE ASPHALT PAVI NG & CONCRETE CURBS

2.4.1 The extent of paving shall be as indicated on the drawi ngs. A new asphalt
drive, asphalt parking area, and concrete curbs shall be provided to maintain
proper drainage and service the new buil ding.

2.4.2 AIl materials for the paving shall be in accordance with the | atest
edition of the Chio Departnent of Transportation Construction and Materials
Specifications or in accordance with the specifications herein whichever is nore
stringent.

2.4.3 Al paving nethods and pavi ng equi pnent shall be in accordance with the
| atest edition of the Chio Department of Transportation Construction and
Mat eri al s Specifications.

2.4.4 Al paving shall be performed to drawi ng detail "heavy duty" paving
section to pernmit access by delivery and nmai ntenance vehicles at the front and
rear of the buil ding.

2.5 STORM DRAI NAGE

2.5.1 Surface drainage for the site shall be nodified as shown on the plans.

Exi sting stormwater flows to the north and to the west fromthis site into two

separate storm sewerage systens. Mddifications will affect structures associated
wi th both existing storm drai nage systens. Existing stormdrainage to the east

will not be affected by project.

2.5.2 Design and sizing of stormsewer systemshall be based upon the Rationa
Met hod using a 25-year storm frequency. Sizing of pipes and structures will not
need to include upstream flows. The m ninum size of storm sewers shall be 300 mm
in dianeter.

2.5.3 Existing storm drai nage structures and associ ated pi pi ng shall be renoved
to the limts indicated on the plans. Contractor shall backfill the excavated

SECTI ON 01020 Page 4



Fully Contained Small Arns Range Ament ment 0004 475905

areas with satisfactory fill material in |ayers not exceeding 200 nmthick and
conpact per the specifications and referenced geotechnical report.

2.5.4 Contractor shall adjust existing stormdrainage structures to grade as
i ndi cated on the plans.

*4
2.5.5 Storm Water Sewer:

a. Contractor shall prepare application for all appropriate EPA plan
approvals as required for the proposed nodifications to the existing
storm water systens and submit themto the Contracting O ficer

b. Contractor shall subnmit five (5) copies of the follow ng information
to 88 ABW EMY:

l. Pl ans and profiles of the proposed storm water nodifications
| ocati ons of adjacent and intersecting utilities, design
utilities, design details, and construction specifications.
. Conpl eted EPA forns and appropriate fees.
I11. Application fees

The 88 ABWEMY will submit the docunents to the EPA after receipt fromthe
Contracting Officer. It normally takes four weeks for approval fromthe

EPA.
*4
2.6 SAN TARY SEVER
2.6.1 Sanitary sewer for the new construction will be provided by connection to

an existing manhole on the site as indicated on the plans.

*4
2.6.2 Approval is required for the sewer tap-in to the existing sanitary sewer
system Contractor shall submt all necessary forms, plans, specifications, and
fees to the Contracting Oficer. Questions should be directed to Jerry Merryman
at 88 ABW EMY (937-257-5536).

*4
2.6.3 Contractor shall verify that the existing sewer main on the site is
serviceable. Contractor shall flush the main to renove any debris or bl ockages.

2.7 WATER DI STRI BUTI ON

2.7.1 Water for the new construction will be supplied by an 8-inch water main as
i ndicated on the plans. The new main will be connected to an existing 10" CIP
water main that [ies on the east side of Newark Street. Contractor shal
coordinate in advance the tap into the existing main with the Contracting

O ficer.

*4
2.7.2 An Chio EPA plan approval is required for the extension of the water main.
Contractor shall subnmit five (5) copies of the following information to the
Contracting O ficer.
a. Pl ans and profiles of the new water main including |ocations of
adj acent and intersecting utilities, design utilities, design
details, and construction specifications.
b. A conpl eted Chi o EPA “Water Supply Data Sheet” and: Fee Wbrksheet”
c. Application fee, calculated at 0.20% of the water main construction
cost plus $100. 00.
*4
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*4

2.7.3 The 88 ABWEMY will submit the docunents to the Chio EPA after receipt
fromthe Contracting Officer. It normally takes three to four nmonths for
approval fromthe GChio EPA

*4
2.7.4 New 8-inch water nmain shall be constructed with shut off valves, a post
i ndi cator valve, and fire and donestic water connections to the building.

2.8 GAS DI STRI BUTI ON
2.8.1 None is required.
2.9 HEATI NG STEAM

2.9.1 Steam service for the building will be routed froman existing steam pit
as indicated on the plans. Route new steam and condensate lines in shallow
trench construction to the building as indicated. Contractor shall coordinate,
in advance, the tap into the existing main with the Contracting Oficer.

2.10 ELECTRI CAL SERVI CE

2.10.1 Building electrical service will be provided formthe existing 12470-volt
medi um vol t age overhead service |line |located al ong Newark Street (see draw ngs).

2.10.2 Provide a newl2470: 480Y/ 277V pad nounted transformer. Provide 15kV riser
to pad mounted transformer. Provide fused cutouts and lightning arresters on
pole for new riser. Extend 480Y/ 277 volt service feeder in underground duct
bank fromthe existing pole to the building as indicated.

2.10.3 The trench shall have excavation warning tape installed 1'-0" above the
conduits. Contractor shall coordinate in advance the tap into the existing
overhead 12470-volt service with the Contracting O ficer

2. 11 COVMUNI CATI ONS CONDUI T

2.11. 1 Conmuni cation service to the building shall be routed underground in
conduit as indicated.

2.11.2 Provide 50 pair Category 6 tel ephone / data service cable and 6/12 fi ber
optic LAN service in one 4”7 PVC concrete encased duct bank from existing
comuni cati ons manhole to the building as indicated.

2.11.3 The trench shall have excavation warning tape installed 1’'-0" above the
conduits. Contractor shall coordinate in advance the tap in the existing
comuni cati ons manhole with the Contracting O ficer

2.12 UTILITY CONNECTI ONS

2.12.1 Al connections of utilities to existing services shall be requested in
writing and shall be approved by the Contracting O ficer

2.12.2 Existing utility shutdowns shall be requested in witing and approved by
the Contracting O ficer. Utility interruptions may be required to be perforned
during the weekend (Friday, 6:00pmto Monday 6:00am.

2.13 LANDSCAPI NG
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2.13.1 Site & soil preparation, finish grading, placenent of topsoil, seeding
and watering are to be included in the basic site requirements i ndependent from
t he | andscape / plantings requirenments.

2.13.2 Landscape design, including but not limted, to selection and pl acenent
of plant materials will be required as part of the D/B Contractor’s design
responsi bility.

2.13.3 Plantings shall be selected fromthe Plant Materials Schedul e Draw ng.
Quantities of plantings to be included in the |andscape design and installation
are as follows:

Fifteen (15) -2" caliper deciduous trees
Fifteen (15) — 5-6 ft. evergreen trees.
Thirty (30) - 18" to 24" shrubs

Thirty (30) — 36" shrubs

Fifty (50) — 12" spread ground cover
Twenty (20) — 18" spread ground cover

DO QOO TD

2.13.4 Al planting beds shall be mul ched upon final conpletion of plantings.

2.13.5 Plant materials shall be adjusted in the field to prevent conflicts with
exi sting and proposed utility lines. It shall be the contractor’s
responsibility to identify and locate all utility lines prior to plant materi al
installation. The contractor shall be responsible for repair or replacenment of
any utility line damaged during plant material installation.

*1
2.14 Chain Link Fence

2.14.1 New chain link fence shall be 10ft. high zinc coated. Fence fabric
shall be ASTM A392, Class 1 with a m ni mum coating wei ght of 2.0 ounces of zinc
per square foot of coated surface. Fence posts shall be maxi num 10ft. on
center, ASTM F 1083, zinc coated. *1
PART 3 — GENERAL CONSTRUCTI ON REQUI REMENTS
3.1 HAZARDOUS MATERI ALS
*1
3.1.1 NOT USED.

*1

3.1.2 Asbestos Containing Materials (ACM: The existing overhead steamline on
the site is suspected to be insulated with ACM See paragraph 2.2.6

3.1.2.1 Asbestos Containing Material (ACM: In the event that suspect ACM not
previously identified is encountered, the contractor shall imediately stop work
in that area and notify the Contract Adm nistrator.

3.1.3 Lead Containing Paint (LCP): There is no known LCP at the new buil ding
site.

3.1.4 Mercury Containing Lanps (MCL): There are no MCL at the new building site.
3.3 BUI LDI NG CLOSURE

3.3.1 Exterior Elevations:

SECTI ON 01020 Page 7



Fully Contained Small Arns Range Ament ment 0004 475905

3.3.1 The Fully Contained Small Arms Range is the first building in an overal
programto create a new 88 Security Forces Squadron Conpl ex. The el evations
provided with this RFP extend an architectural character established by the AFMC
Headquarters and adm nistration buildings | ocated near the adjacent Gate 12B
entrance.

3.3.2 The RFP concept elevations are included to provide definitive direction
for the devel opment of a Final Design for this project. The concept provided
shall be devel oped wi thout deviation fromthe architectural character
establ i shed by the design. The D/B Contractor shall fully devel op the
Constructi on Docunents necessary to inplenent this Concept Design

3.3.2 Precast Panels:

3.3.2.1 Exterior walls shall be constructed of precast concrete panels,
fabricated off-site. Precast concrete wall panels shall be designed and detail ed
as indicated on the draw ngs.

3.3.2.2 The design of the precast panels shall insure that all requirenents
(panel thickness, panel size, fastening and structural connections) for
transportation, erection and installation w thout cracking, breakage or damage
are addressed.

3.3.2.3 Cornice elenments and wall bases may be acconplished with additiona
el enents or formed in the concrete casting.

*4
3.3.2.4 The color and finish shall match the exterior precast panels of Warrior
Hal I, Building 271.

*4
3.3.2.5 Exterior insulation and finish systens (EIFS) are not permtted.

3.3.2.6 Al exterior precast walls shall be furred-out on the inside with 92nm
by 20 gage netal studs spaced at 610nm on center. Provide R 11 fiberglass batt

i nsul ati on between studs the full height to underside of the roof deck. Provide
a 6-mll thick sheet vapor retarder and 16mmthi ck gypsum board. Tape gypsum
board joints, nmud, sand snmooth and paint as indicated.

*1
3. 3. 3 Roof:

3.3.3.1 The structural roof over the Firing Ranges shall be a |ightweight
concrete deck for controlling the negative air pressure within the building and
for suppressing the noise of gunfire. The remai nder of the building shall be
met al decking without the concrete. The weathering and finished roof shall be a
non-structural standing seam netal roof system (SSSMR), conceal ed fastener
*4
system W th appropriate waterproof underlaynment. The roof structure system
shall slope toward the roof drains. Provide a 1-90 approved systemw th a 20
year weather tight warranty.

*4
3.3.3.2 The concrete roof shall be conprised of steel decking spanning over
steel joists with a |ightweight concrete slab. Al penetrations shall be seal ed
airtight so as to allow regulating of air-pressure inside the building. Any
attachments and anchoring to the concrete shall be such that no cracks or voids
will occur.
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*4
3.3.2.3 Roof insulations shall be R 21 rigid, polyisocyanurate boards
mechani cal |y anchored to the concrete slab over the Firing Ranges and to the
steel decking over the remainder of the roof. Provide a rubberized ice and
water-shield 6° wide at building perineter and at roof elevation changes.

*4
3.3.3.4 The non-structural metal roofing shall be laid on top of the rigid
i nsul ati on and provi de anchorage strong enough to hold down the nmetal pane
systemto test positive for an uplift classification of 90. Roof panel seam
clips (hold-down clips) shall be anchored directly into the concrete slab

*4

3.3.3.5 Roof panels shall be a mninmmthickness of 22 gage with AZ50 gal val une
coating. The panel system shall be functional for % per foot or greater slope
with standi ng seam hei ghts of 63.5mm or higher. No battens permtted. Provide
factory applied PVDF finish, color to match Sherwin-WIlIlians SW2009. Roof panels
shall be nmechanically seaned.

*4
3.3.3.6 Roof sheathing is to be provided over the entire roof surface under the
4759 UL Class 90 design permts. *1
*4
3.3.3.7 The roof design shall include a vapor barrier and provisions to prevent
condensation within the roof assenbly.

*4

3. 3.4 Roof Access:

3.3.4.1 Two roof | adders and access hatches shall be provided inside the
bui | di ng.

3.3.5 Wndows:

3.3.5.1 Frames for the windows shall be thernmally broken alum num for 1-inch
thick insulated glass units. The profile shall be nom nal 44.5mmto 51mm wi de
face by 114mmto 127nmm deep, be exterior glazed and have a face cap of not nore
than 19mm deep. The frames shall have a Kynar factory finish (to match Devoe

I M6OD). All windows are in “punched” openings. Part of the wi ndow shall have an
operable unit in the |lower one-third of height.

3.3.5.2 The glass unit shall have an exterior glass pane 6.4mmthick |am nated
gl ass. The glass unit shall be LowE and tinted bronze with a U Value for Wnter
Ni ght - K=1. 74; Summer Dayti nme- K=1. 88 Shadi ng Coefficient=0.45 and Sol ar Heat Gin
Coefficient= 0.39

3.3.6 Doors and Franes:

3.3.6.1 Exterior steel doors (at service and storage areas) shall be Grade-I1,
heavy duty, G60 gal vani zed, insulated and painted to match Devoe | M6OD. Door
sheet faces shall be 16 gage. All double doors shall be provided with a
renmovabl e astragal (center janmb) and weat her-stri pping.

3.3.6.2 Frames shall be 14 gage, G60
steel and painted to match Devoe | MoOD. Provi de continuous rubber-bul b weat her-
stripping around franes, and provide rubber bottom seals on doors.

3.3.6.3 Coiling overhead doors shall be Factory painted to match G idden 79-63

i nsul ated, electrically operated and weat her-stri pped. The door bottom shal
have a neoprene seal that will fit tight to the floor slab. The door weat her-
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strip shall be continuous neoprene and fit airtight against the door. The door
openi ng head shall be provided with a neoprene seal that is airtight.

3.3.7 Storefront System

3.3.7.1 Frames for the wi ndows shall be thernmally broken al um num for 25nm thick
i nsul ated glass units. The profile shall be nomnal 44.5mMm to 51mm wi de face by
114mmto 127mm deep, be exterior glazed and have a face cap of not nore than
19mm deep. The franmes shall be Kynar factory finish (to natch Devoe | Mb0D).

3.3.7.2 The glass unit shall have an exterior glass pane 6.4mmthick | am nated
gl ass. The glass unit shall be LowE and tinted bronze with a U Value for Wnter
Ni ght - K=1. 74; Sunmmer Dayti nme-K=1.88 Shadi ng Coefficient=0.45 and Sol ar Heat Gain
Coefficient= 0.39

3.3.8 Exterior Metals:

3.3.8.1 All exterior metal surfaces shall be finished to match Devoe | MbOD. This
i ncl udes | ouvers, w ndow franes, doors, door frames & associated fram ng, and
ot her m scel | aneous exposed netals. Provide factory applied baked on finish.

3.3.9 Ornanental Gates:

3.3.9.1 Access openings in the nechanical screen walls shall be by way of
ornamental gates. These gates shall be janmb nounted within the opening with
hi nges nounted to inbed plates. One |leaf of the doubl e-gate opening shall be
provided with a door |ever and | ocking mechani sm designed for all weather
conditions. The second leaf is to be provided with a flush bolt extended down
into a concrete encased strike. Gate material shall be alum num or stainless
steel with the intent that maintenance is to be a mininmumand rust is to be a
non-i ssue. The design of these gates shall be by the D/B team and accepted by
the base. Locks shall be keyed to Base standard “BEST” system

3.4 I NTERI OR BUI LDI NG CONSTRUCTI ON

*1
3.4.1 Interior Doors:

3.4.1.1 Holl ow Metal door types are as follows:

REGULAR DOORS — Those doors that are not shown in the Door Schedule to be Sound
Rat ed, Sound Control or Pressure Control shall be Level 2, Heavy Duty (18 gage
face sheets, also known in the industry as Grade Il). Refer to the door
schedule for fire rating and seal requirenents.

SOUND RATED DOORS — Doors and janmb “assenbly” with an STC rating, which is
required to be net by the manufacturer of sound rated doors and janmb assenbli es.
Thi s door may al so be “Pressure Control” door and/or fire rated.

SOUND CONTROL DOOR — This is a non-STC-rated door which has insulated cores and
has hardware to aid in sound control This door is to be Level 3, Extra Heavy
Duty (16 gage face sheets, also known in the industry as Grade Ill). It may be
fire rated; refer to the door schedul e.

PRESSURE CONTROL DOORS — This is a door which has hardware that will provide a

pressure seal. The pressure is defined in the mechanical section. This door is
to be Level 3, Extra Heavy Duty (16 gage face sheets, also known in the industry
as Grade Il11). It may also be fire rated or Sound Rated per the door schedul e.
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Ref erence the door schedul e for additional requirenents.

*1
*1
3.4.1.2 NOT USED.

*1
3.4.1.3 Al steel frames are to be of 14 gage steel

3.4.1.4 Solid core wood doors shall receive a plastic |lam nate finish

3.4.1.4 Door Hardware shall be standard wei ght stainless steel (US32D). Al
| ocks shall be conpatible with Base Standard — “Best” system

3.4.2 Interior Wndows:

3.4.2.1 The only interior windows are | ocated between the range and the range
control roonms. These hollow nmetal steel framed wi ndows shall be ‘sound
reducti on’ enhanced. Provide a thermally broken steel frane with a continuous
neoprene seal between the two separate parts of the franme. Provide two panes of
gl ass separated by a renovable center stop (not a rabbit). The center stop shal
be a channel 38nm x 38mm (mn width) filled with silicone and set onto the
frame. Provide a plunbed [ight of 9.8mmthick | am nated clear, glass on the
range control room side. And, provide a sloped pane of 12.7mmthick |anm nated
clear glass on the firing range side. Provide 25.4mm x 57nm st eel channe
removabl e stop filled with silicone and set on the outer side of the panes of
glass. @ ass shall not touch any metal but be separated continuously by and set
in, continuous beads of silicone. Wndow unit nust be 57 STC (m nimum) and be
the product of a company regularly engaged in produci ng wi ndows to reduce
transmtted sound.

3.4.3 Interior Partitions:

3.4.3.1 Metal Studs and Gypsum Wal | board: Metal studs shall be 41.3mm by 92mm

m ni rum G60 hot di pped gal vani zed steel, 20 gage before gal vani zati on and spaced
at maxi nrum 406mm on center at interior partitions. Partitions shall receive 16mm
thick boards. Ceilings and interior soffits/bul kheads shall receive 12.7mm t hick
gypsum board. Al gypsum board shall have tapered or bevel ed edges. Provide fire
resi stance rated type gypsum board at fire rated partitions. Provide npisture
resi stant type gypsum board at ‘wet’ walls (walls with water present, including
base cabinets with sinks and drinking fountains). Provide 12. 7nm t hi ck cement
boards on the ‘built-up’ shower walls and on their ceilings. If a fiberglass
shower stall is specified, provide moisture resistant board in |ieu of cenent
board. Drying areas adjacent to the showers shall receive noisture resistant
type gypsum board on the walls and ceilings to be painted. Al partitions and
ceilings to receive ceranmic tile finish shall receive tile backer boards as
recommended by the gypsum board manufacturer. At full height partitions, extend
the gypsum board and the sound insulation to underside of structural deck above.
Provide a mni mum of 63.5mm thick mneral fiber sound insulation between al
studs (fit tight and secure with wire to prevent sagging).

*1

3.4.3.2 Concrete Masonry: Masonry partitions shall be as indicated on the
drawi ngs. These partitions shall be structurally reinforced with stee
reinforcing bars as required by Codes/Regul ations cited in this RFP. Doors,

wi ndows, framnel ess openings and outside corners shall receive bull-nose corner
bl ocks. The masonry partitions shall receive horizontal joint reinforcement at
610mm on center vertically and be braced at the top of the partition according
to Codes/ Regul ations cited in this RFP
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*1
3.4.4 Finishes:

3.4.4.3 Ceranic Tile: Shall be provided in all restroom areas and shall be a
conbi nation of 9.5mmthick thin set type, class Ill abrasion resistant, .5
maxi mum wat er absorption, .5 mininmumstatic coefficient of friction, set with
organi ¢ adhesive. The ceramic tile shall be provided in a mninmm of three
sizes (101.6mm x 101.6mmwall tiles and 50.8mm x 50. 8nm fl oor nmosaic tiles).

3.4.4.4 Bonded Terrazzo: Terrazzo shall consist of three conplinmentary colors
with 20% of the |ightest color, 60% of the medium col or and 20% of the darkest
col or separated by brass dividers. Provide a wood base and depressed slab as
required to accomodate the terrazzo.

3.4.4.5 Resilient Floors: Resilient flooring shall be VCT, ASTM F 1066
Conposition |I. 3 colors of VCT shall be used to create a pattern and design that
is conplinmentary of the architecture the respective room Base shall be rubber
type, straight in carpeted areas and cove type base in all other areas.

3.4.4.6 Carpet: Shall be tile type, multi colored | oop and should be of a
pattern and col or that conceals stains and traffic wear. Pattern to be non-
directional, with no linear or strong geonetric patterns. Provide direct glue,
no pad broadl oom Carpet pattern shall be non-directional (no linear or strong
geonetric graphic). At Entry 101, provide recessed entry mat with drains.

3.4.4.7 Seal ed Concrete Floors: Main range and the M60 machi ne gun range floors
shal |l be seal ed concrete.

3.4.4.8 Acoustic Tile Ceilings: Suspended acoustic tile ceilings shall be 610 nm
x 1219 mm

3.4.4.9 Painting: Shall provide sem gloss alkyd latex in all areas. One prinme
coat and one finish coat shall be provided. No Paints containing |ead and Zinc
Chromate or Strontium Chronate Pigments shall be used. VOC shall conply with
appl i cabl e codes.

3.4.5 Toilet Room Partitions & Accessories:

3.4.5.1 Toilet stall partitions shall be ceiling nounted; the urinal screens
shall be wall nounted and all to be stainless steel

3.4.5.2 Provide, sanitary napkin disposal units, paper towel dispensers,
mrrors, coat hooks grab bars, and trash receptacles. Type and size of
di spensers shall be coordinated with WPAFB requirenents.

3.4.6 Fire Extinguisher Cabinets: Fully recessed or sem -recessed fire
extingui sher cabinets with a stainless steel and glass finish shall be provided.

3.4.7 Interior Signage

3.4.7.1 Interior Signage (Building, ADA, Departnental, Individual, Directories,
and Function Space) shall conply with the Wight-Patterson Base Facility
Standard included with this RFP.

3.4.7.2 Quantities shall be based on sign types fromthe Base Facility Standard,
Appendi x B, and as foll ows:

a. I-1 Restroom Required at each restroom | ocation
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b. -2 &1-3 Roomldentification: Required at all mmjor offices, classroom
Arms Cl eani ng, Wapons Mi ntenance, FACTS, Vault, Range Entry, Range
Control Room Firing Ranges.

c. 1-7 In/CQut Directory: One required.

d. 1-9 Naneplate: Required at each workstation/office

e. 1-13 Fire Extinguisher: Required at each fire extinguisher |ocation and as
required by code.

f. 1-14 Freestandi ng Announcenent Board: One required

g. Service ldentification Signs: Required at all tel ephones, janitor closets,
and other service roonmns.

3.5 FI RING RANGE
3.5.1 Firing Range Requirenents (M n Range & M60 machi ne Gun Range):

3.5.1.1 Bulletproof Materials: Walls, floors and roof construction nust be

bul | etproof. Interior range walls construction shall be grout filled concrete
masonry units (CMJ) or reinforced 3500-psi cast-in-place concrete. M ninmum wal
thi ckness for CMJ construction is 300nm and 200mm for cast-in-place concrete.
Wal | height and construction shall be coordinated with the ceiling baffle system
design to accommdate safe deflection and direct fire froma 7.62mm round.
Wall s shall be unpainted, sealed concrete. Cover sidewalls at the bullet trap
with steel plate of the same thickness as the bullet trap. Steel plate shal
extend a m ni mum of 7010nm forward of the |eading edge of the bullet trap

Fl oors shall be flat sealed reinforced concrete suitable for a range
application. Floor shall be a continuous pour with a smooth, dense surface. Saw
cut control joints in the floor as appropriate. Construction shall be suitable
for frangi ble amunition.

3.5.1.2 Openings: No door, w ndow or other opening, except as required for
forced air ventilation is allowed forward of the firing |line. Conceal all pipes,
conduits, etc. in the walls, floor or ceiling.

3.5.1.3 Firing Lanes: Miin Range Firing |lanes shall be 1219.2mmwi de (4'-0") and
25mlong (82'-0"). Machine Gun |anes shall be 1828.8mm wide (6’-0") and 25m | ong
(82'-0"). Provide a safety |l ane between the end firing position and the
sidewal I . Number each firing position fromleft to right as you face the target
position. Numbers shall be of sufficient size and design to be clearly legible
fromany position in the Range Control Room Alternate the colors at each
nunbered station with white letters on black placards and black letters on white
pl acards.

3.5.1.3.1 The nmulti-use range uses 273,850 rounds / year. The 5.56 ball =
154, 000 rounds; The 9mm ball = 119,100 rounds; The 12 guage 00 buck = 750
rounds.

3.5.1.3.2 The M0 Machi ne Gun Range is used an average of 15 hrs./nonth.
Anti ci pated annual usage is 55,000 rounds/year. MO, 7.62mm ball, = 40, 000
rounds. M249, 5.56mm ball = 15,000 rounds.

3.5.1.4 Horizontal Safety Ceiling: Main range and the M60 range shall have a
safety ceiling above the firing line area. The ceiling (shield) shall be of
assenbl ed out of, steel standard |engths and w dths and extend 3658mm in front
of the firing line and 4572mm behind to the wall. This ceiling shall safely
deflect a direct hit froma 7.62mm round. Construction shall be suitable for
frangi ble ammunition. Construction may be of steel and plywood or steel and an
acoustical material suitable for the application. Coordinate ceiling with the
radi al plenumfor efficient airflow
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3.5.1.5 Ceiling Baffles: The remainder of the ceiling down range fromthe

Hori zontal Safety Ceiling shall be provided with ceiling baffles used to prevent
direct fire into the roof structure, lighting, etc. by restricting the rounds to
down range travel. Baffles shall be suspended fromthe ceiling. The angle,

floor Interval and quantity of panels shall be determ ned by the ceiling height,
range | ength and shooting activity. The baffle located i mediately in from of
the bullet trap shall be a steel guard to redirect bullets into the trap. The
baffl es shall be of 500+ BHN (Brinell Hardness Nunber, the higher the nunber the
harder the steel) 10mmthick (m ninmun) or Arnor Plate/300 BHN, 12nm thick
(mnimunm). Do not use steel, carbon steel plate or low alloy steel confornming to
ASTM A242/ A242M or A572/ A572M  They | ack adequate pitting resistance and
deteriorate rapidly. Provide one sheet of 19mm and one sheet of 11mm pl ywood
faci ng and sound absorbing material on the steel baffles.

3.5.1.5.1 Baffles shall be tested prior to installation. Test shall be performed
with 7.62 mm amunition. Construct test baffles prior to fabrication and
installation of the final baffles. Test baffles shall not be installed in the
range.

3.5.1.6 Dry Funnel Chanber Bullet Traps: Main range (pistols, rifles and

shot guns) and the M0 (7.62 mm) machi ne gun range shall each be provided with a
sel f-supporting Dry Funnel Chanmber Bullet Trap. Other types of Bullet Traps (Wt
Funnel , Escal ator, Venetian Blind, rubber conposite or granular, angled
backst op) are not acceptabl e.

3.5.1.6.1 Each trap shall be rated, at a m ninmum for handguns up to 45cali ber
ML6, MO (7.62 mm 158-grain ball), M249 SAW (5.56 nmm machi ne guns at, 12-guage
shotgun slugs, rifles and frangi bl e ammunition. Traps shall be steel plate
treated to 500+ BHN (Brinell Hardness Nunber, the higher the nunber the harder
the steel) 10mmthick or Arnor Plate/300 BHN at 12 mmthick (mninmum. Metal
backstops, plates and traps shall conformto ML-A-12560 Arnor plate, steel

wr ought, honpbgeneous, that has been heat-treated. Do not use steel, carbon
steel plate or low alloy steel conform ng to ASTM A242/ A242M or A572/ A572M
They | ack adequate pitting resistance and deteriorate rapidly.

3.5.1.6.2 Traps shall be of |ow nmaintenance construction, suitable for high

vol ume use, self-supporting, and prefabricated for on-site assenbly. End pl ates
and upper primary inmpact plates shall be included and integral to the trap. End
plates will be provided for both wall ends of the traps such that any bullets
fired along the walls will be directed into the trap. There shall be no bolts or
fasteners exposed to direct or indirect line of fire.

3.5.1.6.3 Traps will be divided into spaces corresponding to the shooting | anes
so that targets are approximately centered on their respective inpact plates. No
joint should be horizontal or located directly behind a target. The inpact

pl ates shall abut tightly or be fitted with cover plates at the joints. There
shoul d not be any gaps between the pl ates.

3.5.1.6.4 Trap deceleration units shall enploy a mechanically driven active
filtration systemto capture and renove airborne | ead particles within and
surroundi ng the chanber. The trap decel eration unit should have 2-3 | evels of
filtration and/or a reverse pulse systemto keep filters clean. System nust be
designed for the containnent of airborne | ead and provided by sane manufacturer
of bullet trap system
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3.5.1.6.5 The primary inpact plates shall be positioned at an incline/decline
angl e (20 degrees from horizontal recomrended) sufficient to reduce backsplatter
at the trap

3.5.1.6.6 Each bullet trap shall be a contiguous, single elenment extending tight
to the sidewalls. Bullet trap shall extend fromthe range floor to the highest
bull et path expected fromthe firing range.

3.5.1.6.7 Steel -sheets constructed in a gently sloping funnel design shal
direct rounds into a deceleration chanber. Bullet particles shall be deposited
fromthe decel erati on chanber into a collection system

3.5.1.6.8 Projectile collection system shall have a conveni ent system nounted
onto the collection chanber to deposit bullet particles in small buckets.

3.5.1.6.9 Containers shall neet all applicable State and Federal requirenents
for the transportation of hazardous wastes. Contai ners shall be weatherproof,
corrosion resistant and air tight. Containers shall be interchangeabl e and
suitable for reuse. Container size shall be Iinted to accompdate a maxi num of
50 I bs when full.

3.5.1.6.10 Each bullet trap and its associ ated systens shall not introduce any
chem cal additive or material, or otherw se compound or alter the bullet waste
product. The raw waste product shall not be rendered |ess suitable for the
recycling process. Any introduction of toxic substances is prohibited.

3.5.1.7 Bullet Trap Lead Dust System Provide a | ead dust renpoval system (one
for each firing range) at the bullet trap collection chanber to convey the
particul ate by high velocity air through ductwork to an outdoor high efficiency
(90% m ni mum) HEPA filtration dust collection chanber. The dust collection
chanmber and the vacuum fan shall be | ocated outdoor in the nechanical area
behind the firing range. The collection chanber shall be capable of depositing
the fallout particles in a steel drumthat can be closed with a Iid and shi pped
off site for proper disposal or recycling. System should be interlocked w other
air systens and target/range control systemto prevent startup of any conponents
if pre-filters are approaching full rating.

3.5.1.8 sShooting Booths. The shooting booths are only found in the main range
and they shall be constructed of clear, Lexan panels. The booth shall not extend
nore than 305mmin front of the firing Iine and 460mm behind the firing line to
avoid restricting the view of the range officer. The booth is to be equi pped
with a drop-down shooter’s shelf, individual target control unit, range
condition signal light system and interactive speakers connected to the range
control room

3.5.1.9 Target Carrier System The retrieval systemin the main range shall be a
fully programmabl e target carrier that travels along an overhead steel track
that provides a stable platformfor target presentation. The target carrier can
rotate the target in 180-degree direction, stop at 1-foot intervals, and contain
on-board target light with built-in dinmmer. The carrier shall be progranmed and
operated by a renote control unit in the range control room Target rails shal
be installed at a height above the floor in accordance with the Manufacturer’s
recommendation. Carrier shall be capable of handling various target frames and
hei ght s.

3.5.1.10 Target Control Systenms: Each system (main range and machi ne gun range)

shall be a PC-based, W ndows 2000 application that can control the targets,
security, ventilation and lighting systens. It shall allow range contro
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personnel to write and store training scenarios, which can be downl oaded to
mul tiple or individual control units, or operated froma central range contro
room

3.5.1.10.1 Mnimmrequirements for each system desktop conputer, “Pentium 4
2.8Ghz processor, 1024MB of PC 1066 Ranmbus RAM four (4) 120GB hard drives w
ATA100 w RAI D backup, two (2) 450 mm LCD Monitors, Mcrosoft Wndows 2000
operating system Range interface adapter, CD-RW 48X16X48X, network printer
Range Interface Adapter, PCto RIA serial cable and CD Rom

3.5.1.10.2 Systens shall allow either the range operator or individual shooter
to operate the target system Control system shall have two nodes of operation
one node for target novenent/programr ng/testing that does not require operation
of AHU s and one node that requires proper AHU operation.

3.5.1.10.3 Individual Control Units shall allow for |ocal shooter control
Shooters shall be capable of entering a sequence of commands for the target
systemto perform An LCD display shall pronpt the shooter for sequence events.
Unit shall also be capable of operating in direct node, i.e. wthout a program
sequence.

3.5.1.10.4 The Range Room Control Consoles shall be desk top units with master
power switch, signal bell switching, range timer systemand, firing line
security system signal |ight system target |lighting control, range naster cal
control and activities control. Each |lane shall be represented by a switch on
the control console allow ng the range operator to sel ect individual |anes for
| ocal control by the shooter while retaining control over the other |anes.

3.5.1.11 Audio / Visual Conmunications Systenms: Miin range and the M5O nachi ne
gun range shall each have an independent systemthat will allowit’s respective
range control roomto call, listen and converse w th individual shooter, a

sel ect group, or all shooters at one tinme.

3.5.1.11.1 The master station shall have a channel selection panel, talk/listen
rel ease switch, All-Call button, and volume controls for outgoing and i ncom ng
comuni cations. It shall have the option of open voice speaker or handset.
Consol e shall have an open voice speaker and handset for privacy. Conmmunications
fromthe main console will be initiated by engaging a talk/listen switch (push
to talk, release to listen). Provide Wndows 2000 operating system System
shal | be capabl e of supporting the future addition of a hands free wireless
headset system The wireless systemshall have all of the comunications
capabilities outlined for the fixed speaker systemidentified herein.

3.5.1.11. 2 Each shooting station shall have an audio termnal in the shooting
stall to receive and send voice conmmuni cations. A call tone shall alert the
shooter of a transm ssion fromthe Range Control Room Call initiation by the
shooter to the main console shall be by depressing a call button on the |oca
terminal. An electronic tone is sounded on the main console and an LED channe
selection light is illumnated.

Shoot er responds by hands-free operation.

3.5.1.11. 3 Provide a Range Condition Signal Light System System shall be

| ocated on each shooters stall. System shall consist of three colored lights, a
range masters call switch and control fromthe main console. Lights shall be
red, green and anmber. System shall be interfaced with the Range Security System
to activate the red light when there is a security violation
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3.5.1.11. 4 Provide PA system (one for each range)operated fromwithin its
respective range control room This PA systemis independent of the building PA
system operated via the tel ephone system

3.5.1.12 Lighting: Provide general, direct, task and special lighting as

descri bed herein General lighting I evels shall be 50 foot-candles at 1220mm
above the floor. Direct lighting shall provide 100 foot-candles on the targets.
Task lighting should provide 60 foot-candles on the firing line. Area lighting
from behind the shooters shall be at |least 50 to 100 fc froma fl uorescent
source.

3.5.1.12.1 Al lighting shall be placed outside the line of fire.

3.5.1.12.2 Direct Target lighting shall be installed on swivel joints to allow
for adjustnment. Lights shall be located to provide the required illum nation at
each major target stop per lane (7m 15m & 25n).

3.5.1.12.3 A small on/off light with a m nimum | um nance of 5 foot-candl es shal
be provided at each shooting booth.

3.5.1.12. 4 Red & Blue Police Strobe Lights: Provide three Milticolor strobe-type
police car lights (standard police cruiser light bar) located in the ceiling to
simul ate emergency conditions at night. These lights shall be installed above
the ready |ine, centered between lanes 3 &4, 10 & 11, 17 & 18. Units shall have
an on / off control fromthe Range Control Room

3.5.1.12.5 Lighting Method: The required nethod for range lighting is a

conti nuous bank of fluorescent fixtures with supplenental hal ogen or a

conmbi nati on of these lights running the full width of the range. Al

fluorescent fixtures shall have PC conpatible parabolic | enses to concentrate
light on the horizontal plane and reduce glare on wall surfaces. Use fluorescent
fixtures to illum nate the area behind the firing line.

3.5.1.12.6 Where fluorescent fixtures are used, select lights with a color-
rendering i ndex of at |east 85 and a tenperature index of 3500 Kelvin, or
install other light sources to bal ance the col ors.

3.5.1.12.7 Range, Firing Line, Ready Line and target illum nation needs to be
dimable to satisfy training requirements at different Iight |evels.

3.5.1.12.8 Safety Requirements: Lights nmust be installed behind the bullet trap
to assist in maintenance and cl eanup. Ensure that downrange lighting is
interlocked with the ventilation systemand that emergency |lights, and “exit”
and “Range in Use” signs are installed.

3.5.1.13 Test Fire Certification Requirements: The Contractor shall coordinate
the requirenent for a range test fire and certification to be perforned by
Gover nment personnel. Test and certification shall be performed prior to
Beneficial Occupancy by the Government.

3.6 OTHER REQUI REMENTS

*1
3.6.1 Arms Vaul t:

3.6.1.1 Vault construction shall be:
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a. Walls shall be 200 nm CMJ with No. 4 rebar through all cells and all cells
grouted solid, with horizontal joint reinforcement at every course

b. Floor shall be mnimum 200 nm concrete reinforced with two grids (top and
bottom of # 4 bars on 225 mm centers both ways.

c. Roof shall be mninmm 200 mmconcrete with a mnimumreinforcing as
i ndi cated above for the floor

d. M scell aneous openings (for duct work, etc) shall be protected by m ni mum
9.5 mm hardened steel rods vertical at a spacing of 100 mm naxi num

Hori zontal rods shall be spaced such that open areas do not exceed 0.02 sq

m

3.6.1.2 Vault Door: Provide a security vault door, GSA approved Class V with
conmbi nation | ock. Door |ock shall be a GSA approved built-in three position
changeabl e conbi nati on door | ock nmeeting UL Standard 768 Group | (reference
(g)). XO0-8 |locks are not acceptable.

*1

3.6.1.3 Provide an Intrusion Detection System (IDS) for the Arms vault. A

bal anced magnetic door switch shall be provided on the door. A Passive Infrared
(PIR) motion detector shall be provided inside the vault. Provide an access
keypad at the door. |IDS alarmshall be transmitted via telephone line to the
Security Police Headquarters. Provide an uninterruptible Power Supply (UPS) for
the I DS system

3.6.1.4 The vault shall have a separate storage area within that will secure
amuni ti on. The anmmunition room shall be woven wire fencing structure extending
fromthe floor slab to the underside of the ceiling. The ammunition room shal
have a sliding | ocking steel cage door with a pass through

3. 6.2 Degreasing Sink:

3.6.2.1 One stainless steel, single bow scullery sink, with one drain

board is to be provided. This sink will NOT have water supplied to it and wll
NOT have a drain line to the sanitary system Provide a val ved drainpipe to
extend down to within 614mm fromthe floor to allow a bucket to be placed under
the drain outlet. Provide a stainless steel shelf over the sink at 1524nm above
the floor. Provide paper towel dispenser and hand soap di spenser above the
sink. Coordinate with Plunbing in section 6.6.5.

3.6.3 Service Sink:

3.6.3.1 One stainless steel, single bow scullery sink, with one drain board is
to be provided. This sink will have hot and cold water supplied to it and a
drain line that connects to the sanitary system Provide a stainless stee

shel f over the sink at 1524mm above the floor. Coordinate with Plunmbing in
section 6.6.5.

*1
3.6.4 Foot Grilles in Entry Vestibule 101

3.6.4.1 Alum num Foot Grilles: 8 -0" by 10'-0", Standard foot grilles with
extruded nmenbers, topsurfaced tread rails, and as foll ows:
Tread Rails: Extruded-al um num frame.

Tread Rail Spacing” 1-1/2 inches (38 nm o.c. with 1/8 to 3/16 inch (3
to 4.8 nmm) _ wide openi ngs between treads.
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Al um num Fi ni sh: Cl ear anodi zed.

Top Surface: Fusion-bonded, |evel cut pile nylon carpet insert, Yinch
(6 mm high, 28 0z./sq. yd. (950 g/sq.m

3.6.4.2 Drainage Pit Applications: Provide manufacturer’s special deep-pit
frame and support extrusion systemw th internedi ate support beans, sized and
spaced as recomended by manufacturer for indicated spans and equi pped with
vi nyl support cushions.

3.6.4.3 Provide manufacturer’s standard 0.060 inch (1.5m) thick, alum num sheet
drain pan with NPS2 (DN 50) drain outlet for each floor grille unit. Coat
bottom of pan with protective coating reconmended by manufacturer

*1

PART 4 — COMPREHENSI VE | NTERI OR DESI GN REQUI REMENTS

*1
4.1 GENERAL:

4.1.1 The design for all CIDitens outlined in Part 4 are to be included as part
of the base bid. The procurenment / installation of the itens specified in

par agraph 4.2 (Systems Furniture) and the acceptance, storage and installation
of free-standing furniture (para. 4.3) is a bid option. Signage shall be

provi ded under the Base Bid.

4.1.2 The CID shall include, Furniture, Freestanding Furniture, Interior

Si gnage, audi o/ vi sual furnishings, wall hangings, w ndow treatnents and ot her

el enents necessary for a nornmal business environment. Any manufacturer
references, style numbers, catal og nunbers etc. referenced herein are for
reference and quality information only. These references are not intended as a
final product selection. The Contractor shall select the Freestanding Furniture
fromsources identified by the Contracting O ficer after award.

4.1.2.1 The contractor shall provide the services of a professional interior
designer to devel op a Conprehensive Interior Design (CID) proposal that
integrates the exterior architectural character of the facility with the
internal |ayout, function and finishes. The design proposal shall include al
fixtures, furnishings, displays and all itens necessary to convey a continuous
theme fromthe facility entrances through to the corridor and entry vestibul es.
Corridor ceiling inmprovenents should be coordinated with the proposed |ighting
and preserve, as nuch as possible, the natural sunlight gained through

el erestory windows. One possible concept is to use architectural specialties
such as architectural suspended ceiling systenms to sinulate range baffles at the
vesti bul e and adjacent corridor. The interior design shall be subject to review
and correction, as further indicated in Section 01021

4.1.2.2 CIDis not required for the range proper, the arns vault, arns cl eaning,
or weapons mai ntenance. However, color and finish boards for these areas shal
be coordinated with the remainder of the facility.

4.1.2.3 the CI D designer shall have know edge of and experience with Governnent
supply sources for furposes of selecting itens to be purchased by the
CGover nrent .

*1
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4.1.3 The requirenments outlined in the RFP are provided as a reference and guide
to generally define the layout, quality, materials, and quantity of the CID
items.

4.1.4 Refer to the drawi ngs for general information regarding CID programmtic
requi renments. The RFP drawi ngs indicate the general |ayout and quantity of
itens to be provided. The |layout provided, is included for general guidance
only and is not intended to represent a conplete design. Contractor shall neet
with the Governnent to review the general |ayout and further define the
programmatic requirements. The quantity of workstations will remain the sane,
however nodifications to the layout will be required to further define and neet
t he programmtic needs of the buil ding occupant.

4.1.5 Typical furniture product requirenents are included at the end of Section
01020 for REFERENCE. This information is provided to assist in defining the
quality and conpatibility required in designing, procuring and installing new
product for this Project. This information should not be considered a definitive
catal oging of the furniture conponents required for this project.

4.1.6 Contractor shall review and use the following criteria in developing a CID
package for this project:

ETL 90-7 Air Force Interior Design Policy (Cct 90)

AFMC Facility Quality Program (Apr. 96)

Wi ght-Patterson AFB Base Facility Standard

Air Force Center for Environnmental Excellence, Interior Design
Publ i cati ons (ww. af cee. brooks. af . mi | / DC/ DCFORM HTM

*1
4.2 SYSTEMS FURNI TURE (Bid Option)

4,2.1 General Information:

4.2.1.1 The procurement, delivery, installation and fit-up of all systens
furniture (total of nine workstations) will be a Bid Option as defined by the
solicitation bidding requirenents. All design associated with the Systens
Furniture shall be included as part of the Base Bid requirenents.

4.2.1.2 Generic individual workstation "Typical s" are provided in the RFP for
general guidance in the design and selection of the Systems Furniture. A

conpl ete design shall be devel oped applying the RFP "typicals" to the
established building |layout. The Contractor shall coordinate with the Governnent
during design to develop the application of the "typicals" for the established
footprint. (SEE ATTACHED TYPI CALS AND COMPONENT LI STING AT THE END OF THI S
SECTI ON. )

4.2.1.3 This specification establishes the minimmrequirenents for the
acquisition of all |abor and materials required for the installation of a

conpl ete and usabl e system of denountabl e and rel ocatabl e workstati ons conmposed
of a panel -based system conponents, hardware and accessori es.

4.2.1.4 Installation shall include all items necessary to provide a conplete and
functioning work environment including accessories, work surfaces, shelves,

bi ns, pedestals, but not Iinmted to all power connections between workstations
and the building electrical distribution system

4.2.1.5 The summary of the workstations and conmponents for the tota
installation is as follows: See attached sheets for workstation types/typicals.
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4.2.1.6 The systenms furniture workstation requirements/attributes shall be in
accordance with the furniture typical shown in the contract draw ngs

4.2.1.7 The Contractor shall be responsible for all design, furniture
acquisition and installation costs associated with bringing into conpliance with
the contact draw ngs and specifications all differences not identified by the
Contractor or approved by the Governnent.

4.2.1.8 The conpleted installation shall conply with the current edition of the
Uni form Federal Accessibility Standards, the Americans with Disability Act
(ADA), and NFPA Life Safety Code.

4.2.2 General Product Requirenents:
4.2.2.1 The panel system shall provide the work surface and establish the

structural foundation of the workstation. Additive conmponents shall accomopdate
the needs for storage, privacy, power cable distribution, and accessorization

4.2.2.2 All workstations shall be fully flexible to permt easy assenbly and

di sassenbly by Government personnel. Back-to-back workstations shall be
assenbl ed in such a manner so that conponents may be conpletely renoved from one
side without disturbing the other side. Station configurations should conform
to standard manufactured conponents. The system shall be capabl e of being
installed on top of finished flooring without penetrating the finished floor or
usi ng floor fasteners.

4.2.3 Warranty:
4.2.3.1 Refer to Section 12705 for performance and warranty requirenents.

Warranty conditions will not apply to materials or conponents which are damaged
by abuse or misuse by the Government.

4.2.4 Training Program

4.2.4.1 The Contractor shall train (one 8-hour session) Governnent personnel on
installing, reconfiguring and maintaining the systems furniture. Training shal
be provided for adjustable ergonomc features of the workstation conmponents and
seating. This training shall be provided on site at no additional cost to the
Government and at a tinme nutually agreed upon between the Contractor and the
Gover nnment .

4.2.5 Wrk Surfaces:

4.2.5.1 Wrk surfaces shall be available in nomnal of 600 mm and 750 nm
(Verify and list all required widths, but permt reasonable dinmensiona

tol erances where possible). Wrk surface height shall be 713 nmto 750 nm from
the finished floor.

4.2.5.2 Wrk surfaces shall be available in a variety of lengths from 600 nmto
1950 mmall in nom nal thickness not to exceed 38 mMm

4.2.5.3 Wrk surfaces shall be either fully supported from panels or supported
jointly by the panels, pedestals or furniture end panels.
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4.2.5.4 Wrk surfaces shall have a finished top surface of high-pressure plastic
| am nate or wood veneer and shall have a snmoothly furnished underside. End
panel s and back panels shall be a factory baked-enanmel finish

4.2.5.5 The work surface shall not be affected by ordi nary househol d sol vents,
acids, alcohols, or salt solutions and shall be capabl e of being w ped cl ean
with ordi nary househol d cl eani ng sol utions.

4.2.5.6 Wrk surfaces shall be capable of accepting adjustable keyboard and
mouse pads. The keyboard and nouse pad should fully recess under work surface
and extend to give user full access to the keyboard and nouse pad (approxi mately
250 mm). Side travel rotation shall be a mnimm of 300 mm and 375 nmin each
direction, with 180 degrees swing. Keyboard tray is to have negative and
positive tilt capability.

4.2.5.7 Gomets or access channel nust be able, where required, to provide
access to the work surface for cable and el ectrical cords. Provide a m nimum of
one gronmet per work surface.

4.2.5.8 Abutting core units shall mate closely and be at equal heights when used
in side-by-side or side-to end configurations in order to provide a continuous
and | evel work surface.

4.2.6 Pedestal and Lateral Files

4.2.6.1 Pedestals shall be freestanding or support work surfaces. Pedestal
wi dt hs shall be from 175 mMmto 450 mm

4.2.6.2 Leveling glides shall be provided on base of pedestals and lateral files
to install pedestals on uneven floors.

4.2.6.3 Drawers, lateral file drawers and drawer pedestals shall be of stee
construction with a factory-baked enanel finish. Color shall match netal trim
Drawer faces may be of steel construction and shall be securely attached with
screws to the steel drawer front. Drawer faces shall coordinate with nmetal trim
or sel ected wood veneer

4.2.6.5 All file drawers shall have full-extension ball bearing suspensions that
does not expose user to grease or edges/corners that will damage users cl othing.

4.2.6.6 All 152 mm box drawers shall have a nini mum of one adjustabl e drawer
di vi der .

4.2.6.9 All 305 nmfile drawers shall be equipped with an adjustable file
conpr essor.

4.2.6.7 Al overhead cabi net doors should be able to be operated by a seated
person. Equalizers that prevent doors from pinching when operated from ot her
than center bal ance points are preferred.

4.2.8 Locks & Keying:

4.2.8.1 All drawers, overhead cabinets, and file bins shall have keyed | ocks,
unl ess ot herw se not ed.

4.2.8.2 Changeabl e | ock cylinders shall be provided with a ninimum of 100
di fferent key options.
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4.2.8.3 All locks within a workstation shall be keyed alike. Al workstations
shall be individually keyed.

4.2.8.4 All central wall and storage units which are grouped together but are
not part of a workstation shall be keyed alike, unless otherw se noted.

4.2.8.5 Keys and lock cylinders shall be nunbered for ease of replacenent. A
key schedul e shall be submtted to the contracting officer at project
conpl eti on.

4.2.8.6 Al |ocking equi pment nust be clearly | abel ed/tagged as to the
wor kst ation, key nunber and its |ocation

4.2.9 O her Conponents and Accessori es:

4.2.9.1 The Contractor shall provide all brackets, supports, hangers, clips,
connectors, adjustable feet, cover plates, stabilizers and other m scell aneous
hardware required to provide a conpl eted assenbl e.

4.2.9.2 Wall Tracks shall be provided in pairs where conmponents are required to
hang on wall surfaces. Tracks shall be of heavy-duty extruded netal finish and
color to match panel trimand shall be slotted on 25 mmcenters in heights
required. (Slot spacing should match slot spacing for all panels. ldentify
requi red heights.) Coordinator with Contracting O ficer the necessary in-wall
bl ocki ng necessary to support the wall hung conponents.

4.2.9.3 Paper Managenent Units shall be provided, one set-up in each office and
wor kstation. These units shall, at a mininum consist of a four to five slot

di agonal paper storage unit and two paper trays (letter size). Unit shall be
either freestanding or wall nount to rear of the core unit by pins inserted into
the accessory rail. (Accessory rail length is to be a mnimmof three to four
feet. Finishes are to match open office furniture trimcolor). Accessory Rails
shall be equal in length to the work surface and constructed of netal with a
factory-baked enarel finish

4.2.10 Electrical:

4.2.10.1 Al connections within the electrical systems nust be keyed. Al
el ectrical products/conponents nmust be UL (Underwiters Laboratories) |isted.

4.2.10.2 Wring harness shall be an eight wire, 3 single phase circuits for each
group of four (4) workstations. This system should provide a separate neutra
for each circuit, and an independent groundi ng conduct or

4,2.10.3 Al primary raceways shall have capacity for three 20 anp power
circuits and the equivalent of ten 25-pair conmunication cables. Secondary
raceways shall have seal ed raceways capable of distribution of three 20 anmp
power circuits.

4.2.10.4 Al 750 mm and wi der raceways shall have a m ni num of two knockouts of
three 20 anp power circuits.

4.2.10.5 Base covers shall be securely nounted to raceways but pernit easy
access to the raceway.

4.2.10.6Primary raceway base covers shall not be secured by nmagnets.
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4.2.10.7 End covers or connectors shall be provided as required and shall match
the finish and color of the connecting primary and secondary raceways.

4.2.10.8 Each powered primary raceway shall have a m nimum of two single
dupl ex 15 anp grounded el ectrical receptacles.

4,.2.10.9 Al receptacles shall be comercial grade and identified easily by
circuit number.

4.2.10.10 The contractor shall determ ne the nunber of circuits and the circuit
capacity for all systens furniture workstati on configurations.

4.2.10.11 Internal primary raceway-to-primry raceway-to-secondary raceway power
connections shall be straight or flexible plug-in and plug-out grounded
connecti ons.

4,.2.10.12 Power and conmmuni cation wiring shall be supplied to the primary
raceways either by top feed or base nodul es.

4.2.10. 13 Base-feed nodul es shall supply power to the primary raceways by
plugging into a receptacle (or slot on a single primary raceway). Mdule shal
have a m ni mum four-foot whip for hard wiring to the building electrical system

4,.2.10. 14 Conmuni cation cables shall feed through a flexible channel guard
running the length of the primary raceway.

4.2.10.15 Conponents for vertical and horizontal wi re and cabl e managenent and
conceal nent system shall be available as indicated on the contract draw ngs and
where use requirenents dictate

a. Vertical wre managers and conceal nent system shall be avail able on
all core units.

Wre managers shall be prefinished and shall secure, conceal and
accommodate outlet cords as well as electrical and conmuni cation
W ring.

4.2.10.17 The entire electrical systemshall use copper wiring, shall be
Underwriters Laboratory listed, and shall neet the applicable requirenments of
the National Electrical Code.

4.2.10.18 A licensed electrician shall make all hard wire connections to the
buil ding electrical distribution systemas shown on the contract drawi ngs and in
accordance with the National Electrical Code.

4.2.10.19 Where required, workstations conmuni cations wiring shall nmeet security
Separation requirements.

4.2.10.20 Contractor is to determ ne power distribution, outlet quantities and
|l ocation requirenents with contracting officer and user groups. A mninmm of

one duplex outlet per side for every powered 900 nm Wcore unit and two dupl ex
outlets for core units 1050 nm and wi der.

4.2.11 Task Lighting:
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4.2.11.1 Task lights shall be provided for every workstation. Task lIights shal
be a standard conponent of the manufacturer's system furniture products.
4.2.11.2 Task light reflector shall be white for maxi mumreflection.

4.2.11.3 Task lights shall have structurally sound nounting which will prevent
accidental renmpoval but which can be easily renoved and repl aced.

4.2.11.4 Al fixtures shall be Underwiters' Laboratory |listed for use in the
systens furniture configurations required.

4.2.11.5 Each fixture shall have an easily accessible on-off switch and one
rapi d-start ballast. Ganged fixtures or shared ballasts shall not be used.

4,2.11.6 Al fixtures shall be provided with energy efficient ballasts and
|l amps. (Provide a list of |lanps and identify sizes and col oration.)

4,2.11.7 Al fixture diffusers, grilles or other covering shall be easily
removabl e to permt cleaning and repl acing.

4.2.11.8 Each fixture shall have a m ninmum si x-foot factory installed heavy-duty
el ectrical cordset with a grounded pl ug.

4,.2.11.9 A vertical wire manager shall be available for each task |ight.
4.2.12 Communi cations Requirenents:

4.2.12.1 All telephone and data connections and wiring throughout the systens
furniture raceways shall be acconplished by the contractor's comunications
per sonnel

4,2.13 Finish Materials:

4,.2.11.1 Finishes shall be equivalent to the followi ng materials:

a. Work surface: Plastic Laminate with soft edge treatnent.

b. Work surface (all PO Ofices): Wod/ Veneer with soft edge
treat ment.

c. Desk Support Structure: Paint

d. Utility Distribution Channels: Paint

e. Over head Cabinets and Supports (Al Wrkstations): Paint,
Pai nt ed on overhead doors or fabric doors.

f. Over head Cabi nets and Supports (PO Ofice): Wod/Veneer on
over head doors.

g. Pedest al s: Pai nt

h. Pedestals (all PO Ofices), Wod/ Veneer on drawer fronts.

i Keyboard Shelf: To be selected from manufacturers standard
finish offering.
j- Al'l miscellaneous finish selections are to be coordinated.

*1
4.3 FREESTANDI NG FURNI TURE ACCEPTANCE, STORAGE AND | NSTALLATI ON (BI D OPTI ON)
4.3.1 CGeneral
4.3.1.1 The Governnment wi |l purchase the Freestanding Furniture and have it

delivered to the contractor. As part of the furniture option, the Contractor
shal |l be responsible for the coordination of furniture delivery, receipt and
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storage of the furniture, checking all itenms for danage, correctness and

conpl etion of the order, unpacking, delivering, installing, cleaning, adjusting,
and leveling all furniture, and cleaning up the job site. Additionally, the
Contractor shall provide "as-built" documents of the final installation to the
Government. All design associated with the Freestanding Furniture shall be

i ncluded as part of the Base Bid requirenents.

4.3.2 Submittals:
SD- 04 Drawi ngs; GA

4.3.2.1 At the project conpletion, the Contractor shall provide the CGovernnent
with as-built draw ngs showi ng accurate installation [ocations with item nunbers
corresponding to those in the freestanding furniture schedul e.

4.3.3 Delivery, Storage and Handli ng:

4.3.3.1 Acceptance At Site: For all Freestandi ng Furnishings, the Contractor
shall examine furniture at site for damage or blenishes. Reject all substandard
items. The Contractor shall check the furniture for conpletion of the orders
and for correctness of the shiprment. Correct all problems pronptly to insure a
snooth and tinmely installation

4.3.3.2 Storage and Protection: For all Freestandi ng Furnishings, the
Contractor shall provide heated and weat her protected enclosures as required to
protect furniture from damage due to warping, staining, noisture condensation or
any other environnmentally induced damage. Such storage shall be for a period not
to exceed six weeks.

4.3.4 Project Conditions:
4.3.4.1 Environnental Requirenents: For all Freestandi ng Furnishings, the

Contractor shall not install until all finish work is conplete and pernanent
HVAC systemis in operation.

4.3.5 Installation:

4.3.5.1 Interface with OGther Products: For all Freestandi ng Furnishings, the
Contractor shall coordinate delivery and installation schedul e such the
installation occurs in a tinmely fashion w thout delays. The Contractor shal
coordinate the installation with the governnent.

4.3.5.2 For all Freestandi ng Furnishings, the Contractor shall |evel al
furniture, including tables and files and bolt all files in a row together.

4.3.6 Cleaning:

4.3.6.1 For each Freestandi ng Furnishings, the Contractor shall renove debris
and packaging at the end of each day, clean furniture with comercial cleaners,
renmove any soiled spots, and replace furniture damaged beyond repair or

cl eani ng.

4.3.6.2 For all Freestandi ng Furnishings, the Contractor shall |evel al
furniture, including tables and files and bolt all files in a row together.

4,3.7 Protection:
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4.3.7.1 For all Freestandi ng Furnishings, the Contractor shall protect furniture
from damage and soiling until conpletion of project, by installing adequate
cover of non-staining material

PART 5 - STRUCTURAL REQUI REMENTS
5.0 BUI LDI NG STRUCTURAL REQUI REMENTS:

5.01 General code provisions, dead, live, snow, seismc and wind |oads shall be
according to The International Building Code (IBC 2000).

5.02 The seisnmic Use Group and correspondi ng performance | evel will be:
Seismic Use Group: | Standard Occupancy Structure
Performance Level: Life Safety 1

5.1 Foundations: Foundations include all substructure elements supporting the
facility and its equi pnent.

5.1.1 Prepare the foundation design in accordance with the D)B Contractor’s
i ndependently verified Geotechnical analysis of the site soil conditions
performed by a |icensed geotechnical engineer. Prelimnary geotechnica

i nformati on indicates that uncontrolled fill may be encountered in sone areas at
a depth of approximately two feet. Contractor shall determine the extent of

exi sting uncontrolled fill during his geotechnical investigation. Renmpve any
uncontrolled fill and replace with structural fill. Replacenment of uncontrolled
fill will be addressed through a contract nodification.

5.1.2 The foundation shall be designed according to the Foundation Design
Criteria stated herein, including seismc, wind, |ive and gravity | oads.

5.1.3 Foundation Design Criteria:
5.1.3.1 Foundations shall <consist of reinforced pad concrete footings and

continuous strip footings unless soil conditions require the use of a deep
foundati on system All exterior footings shall be a mninum of 30" bel ow grade.

5.2 Superstructure

5.2.1 The superstructure includes the above grade structural elements required
for support of the floor and roof construction

5.2.2 The structure shall be econom cal, durable, sustainable, and erected on a
new bui |l di ng foundati on.

5.2.3 The structural design of building conponents shall conform to the design
requi renents stated herein, including seismc, wind, |ive and gravity | oads.

5.2.4 Al floor construction shall be slab-on-grade over a conpacted drainage
| ayer and vapor barrier. Fl oor elevations may vary and may require the use of
retaining structures to support elevated fl oor areas.

5.2.5 Light gauge fram ng supporting floors shall not be permtted.

5.2.6 Structural wall elenents required for support of roof construction include
steel colums, Precast structural concrete wall panels structural concrete wall
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panel s and/or |oad bearing masonry walls. Walls will be required to function as
architectural elenents in addition to supporting the building | oads.

5.2.7 Structural roof framng elenents required for support of the roof
construction includes special long span girder trusses (for firing range), open
web bar joist and girders, and steel beans. The roof slope shall be in the
structure. Slope may be provided by a steel truss system

5.2.8 Roof deck over firing range shall consist of a 4inch thick |ightweight
slab supported by a structural netal deck. The roof deck will also function as
a diaphragm for building stability. The concrete roof deck shall provide
support for a light gauge fram ng system to support the non-structural standing
seam netal roofing. M nimm roof slope shall be 6:305 for all roof areas. Al
met al decking shall be galvani zed. The system shall be conplete with expansion
control joints including sleeved penetrations for services. Show net hod and
frequency of attachment to structural franmework

5.2.9 Roof deck over remmining structure portions shall consist of a structural
metal roof deck that also functions as a diaphragm for building stability. The
structural netal decking shall provide support for a light gauge fram ng system
to support the raised rib metal roofing. M ni mum roof slope shall be 0.25:12
for all roof areas. All nmetal decking shall be gal vani zed. The system shall be
conplete with expansion control joints including sleeved penetrations for
services. Show nethod and frequency of attachment to structural franework

5.2.10 Masonry walls will be reinforced as required. Exterior wall elenments in
i nhabited structures will enploy one-way wall elenents spanning vertically to
m nimze blast | oads on col ums.

5.2.11 G ve special attention to control cracking in concrete masonry structures
usi ng the gui dance contained in Table 1-1

Tabl e 1-1 Recommended Joi nt Control Spacing (¥

Vertical Spacing of Joint Maxi mum Rati o of Panel Maxi mum Spaci ng of
Rei nf orcement Wth 2-#9 Length to Wall Hei ght Control Joints(® (ft)
Wres(® (in) (L/H)©
None(® 2 18
16 3 24
8 4 30
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(8 Based on noisture-controlled, type I, concrete masonry in internediate

hum dity conditions (ASTM C 90). The designer shoul d adjust the control joint
spacing for local conditions. The recomrended spaci ng may be increased 6 ft. in
hum d climates and decreased 6 ft. in arid climtes.

(™ Joint reinforcenment will be cold-drawn deformed wire with a m ni num 9- gauge

| ongi tudinal wire size

(© L is the horizontal distance between control joints. His generally the
vertical distance between structural supports.

(@ The spacing will be reduced approxi mately 50% near masonry-bonded corners or
other simlar conditions where one end of the masonry panel is restrained.

(® Not recommended for walls exposed to view where control of cracking is

i mportant.

PART 6 - MECHANI CAL
6.1 DESI GN CONDI TI ONS:

6.1.1 General: The D/B Contractor shall be responsible for detail |oad
cal cul ations and equi prent selections during the design process. The |oads and
equi pnent sizing presented herein are based on prelimnary block |oad
calculations, and are intended to convey the extent of scope, and are not
intended to identify specific design. D)B Contractor is responsible for
preparing an independent conplete analysis and design for the building
mechani cal systens.

6.1.2 Adnmi nistration Area:

I ndoor Summer, Cccupi ed: 23. 9°C db/ 45%:H

I ndoor Sunmer, Unoccupi ed: 30°C db

I ndoor Wnter, Cccupied: 21.1°C db

I ndoor W nter, Unoccupied: 15. 6°C db

Qut door Sumrer : 31. 7°C db/ 22. 2°C wb

Qut door Wnter: -15.6°C db

Ventilation (Qutdoor Air): ASHRAE 62- 1999
6.1.3 Firing Range:

- I ndoor Sunmer Cccupi ed: 33.3°C db (ventilation only, no

air conditioning)

I ndoor Sunmer, Unoccupi ed: | noperative

I ndoor Wnter Occupied: 20°C db

| ndoor Wnter, Unoccupi ed: 15. 6°C db

Qut door Summrer : 31. 7°C db/ 22. 2°C wb

Qut door Wnter: -15.6°C db

Ventilation (Qutdoor Air): ASHRAE 62- 1999
6.1.4 U factors (maxi mum val ues):

Opaque Wl s: 0.41 w (n?. k)

Roof : 0.28 w (nt%.k)

6.1.5 Furnish and install access doors in walls and ceilings where access is
required to conceal mechani cal equi pnent, valves, controls and other devices.

6.1.6 Al mechani cal equipnent shall have a 2 year parts and | abor warranty.

6.2 SUBM TALS
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6.2.1 Operations and mai ntenance manual s shall include a CD-ROM for the contro
systemthat includes the software copy of all HVAC deliverable itens, as well as
equi prent | ayouts, schematics, sequence of operation, software programi ng
sheets, graphics, as-built database, and |ine diagrans.

6.3 STEAM AND HEATI NG WATER SYSTEM

6.3.1 Heating energy source will be the central district steam The air-
handling unit coils and the reheat coils shall be served by nmedi umtenperature
hot water (MIHW, via heat exchange with the steam source. Since steamis not
avai |l abl e year around, an electric inmersion heater may be considered for
installation in the hydronic loop, in series with the steamto water heat
exchanger for the purpose of serving the reheat boxes when steamis shutdown.

6.3.2 The steam system supply conditions are 157.2 °C. and up to 482.7 kPa
pressure.

6. 3.3 Steam and condensate piping shall be steel, seanl ess for sizes 50 nm and
smaller, and electric resistance welded for sizes larger than 50 mMm St eam
pi pi ng shall be schedule 40 and condensate return piping shall be schedul e 80.
Sel ect piping for the applied tenperature and pressure conditions. Piping shal
be insulated with fiberglass and factory-applied cover

6.3.4 Size piping for nominal water velocity of 1.524 m's, not to exceed 2.44
ms (water) velocity nor exceed 17.9 kPa/ 30480 nm of pipe pressure drop. Size
st eam pi ping for nonminal 40.64 m's, not to exceed 61 m's.

6.3.5 Design MIHW coi |l s, punps and pi pi ng system for 30% wat er/ et hyl ene gl yco
m xture. Fill systemwi th glycol mxture when systeminstallation is conplete.

6.3.5 Provide 100% backup punp for MIHWsystemwith automatic startup if first
punp does not prove flow

6.3.6 The Garage building #879 will be disconnected froma steam source when the
overhead steamline is renoved. This steam source is to be replaced by a steam
line extension fromthe CATM buil ding. Because there is considerable
underground activity on the south side of the CATM buil ding, the npost econonica
route fromthe district steamtrench may be through the building. The
Mechani cal work shall be coordinated with the civil work to close the interface
with the existing steamdistribution and condensate return systens within the
gar age.

6.4 AR HANDLI NG SYSTEMS
6.4.1 Firing Range Air Handling Units:

6.4.1.1 Package Makeup Air Units (MAU) with Energy Recovery. Provide unit that
supplies a constant volune 100% out door air supply that recovers heat fromthe
exhaust airflow. The supply air shall be filtered (30%, tenperature
preconditi oned by an energy recovery exchanger, and heated by a heating coil to
control the supply air tenperature. Exhaust air shall be filtered in three
stages to neet or exceed the requirenments of the Base, EPA, NI OSH and the

Nati onal Ambient Air Quality Standard (NAAQS) for |ead containment. The supply-
air side shall be constant airflow, sized to provide |am nar airflow of 23
meters per mnute (npm velocity 5 percent, at the firing line. Halfway
between the firing Iine and the bullet trap the airflow shall be nuaintained
between 1 and 10 npm The exhaust air shall be balanced to provide a negative
pressure (-0.05+. 02-inches w.g.) in the firing range space by setting exhaust -
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air flowto exceed the supply-air flow by approxinmately 10% This constant
volunme airflow condition shall be maintained. A variable volune danper assenbly
(damper in series with filters) shall nmodulate froma partially closed position
to a full open position to conpensate for a pressure drop increase through the
filters, as the filters |load up. This constant flow performance requirenent can
al so be achieved with a variable speed fan that ranps up speed as the filter

| oad increases. Coordinate the pressure |loads with the structural engineer

6.4.1.2 Provide two or nore units to serve the 21 nmulti-use firing lanes (with
two safety lanes); and one unit to serve the 2 M60 machi ne gun lanes (with two
safety lanes). These units shall be | ocated outside in the nechanical areas

i medi ately to the south and west of the building, and arranged for easy access.
Provi de housekeepi ng pads and coordi nate heating coil renoval space with the
wal | encl osure. Coordinate equi pnent sizing and location with the design
architect so that no equipnent is visible above 117 0" elevation in the
mechani cal yards.

6.4.1.3 The makeup air units shall be packaged double wall type and include an

i nt ake danper section, 30%prefilter, heat recovery section, supply fan, hot

wat er heating coil, and access sections. Heating coil shall be sized to deliver
26. 7°C (maxi mum) supply air tenperature. Normal operating supply tenperature
shall be 20°C. Provide door access on both sides of the units in the fan
section, before and after each coil section, and for the filter sections. The
outdoor air intake opening shall be no | ess than 3048nm above ground |l evel in
conpliance with DOD Force Protecti on Gui dance. Take care to adequately separate
t he exhaust air fromthe makeup air intake to avoid entrainment in the makeup
air. Al intake air openings nust be 10° above ground or higher. Provide
supply air distribution ducts to enter the building below the roof and route
through the structural truss, above the baffles and the 2440 mm hi gh shooter’'s
ceiling and distribute to radial diffusers that serve the firing |anes.
Coordinate with architectural and structural designs. The supply and return
ducts shall have sound attenuators at the wall penetrations to the buil ding.

6.4.1.4 The MAU exhaust-air side shall include a fan section, the heat recovery
heat exchanger section (conmon with the supply air section) and a filter

section. The filter section shall be conprised of a 3-stage (30% prefilter, 85%
mdfilter, and a 99.97% final filter) filter section to properly mnage dust
retention and minimze the filter replacenent cost. The exhaust pickup points
shall be located at, or behind the bullet traps. The exhaust pickup in the
Range shall be continuous slot across the width of the range and separated into
sections to serve the MAU dedicated to the sane | anes served by the MAU supply
air (i.e. no common ductwork between MAU systens).

6.4.1.5 Provide hydronic unit heaters in the firing range area, sized to
mai ntain the area at 15.6 °C (60°F) during unoccupi ed peri ods.

6.4.1.6 Ventilation Control System Shall nonitor space pressure relative to
outdoor pressure, and provide a | oss of negative pressure alarm The controls
shoul d nmonitor fan and filter status, provide interlocks and safeties as
required to operate the range in a safe and controlled nanner.

6.4.1.7 Ventilation Conm ssioning: Performventilation assessnents as foll ows:
Snoke test: At the firing Iine, smoke test each firing station from
the floor to the six foot above floor |evel. The snoke shoul d nove
down range to denonstrate |am nar flow. Docunment any unusual snoke
patterns. If lanmnar flow is not achieved, adjust the ventilation
system and retest. Conduct additional snmoke measurenents down range
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to ensure adequate air velocities and patterns are mmi ntai ned down
range towards the bullet trap

Ventilation (Volurmetric flow): Use a properly calibrated hot wire or
vane type neter; At the firing line at each firing station, place
the nmeter perpendicular to the floor. Take three measurenents at the
same height in three locations fromthe floor (approximtely one
foot, three feet and five feet above the floor) This will result in
ni ne readi ngs for each firing position. Average the nine readings.
Use a properly calibrated grid nmeter; At the firing line at each
firing station, place the nmeter perpendicular to the floor. In the
center of each firing station take a neasurenent at three |ocations
fromthe floor (approximtely one foot, three feet and five feet
above the floor) This will result in three readings for each firing
position. Average the three readings. Conpare the average at each
shooting station to the design criteria of 23 meters per mnute
(mpm velocity +5 percent. Any individual reading |less than 15.3
meters per minute is unacceptable.

Static pressure measurenment: A manoneter or magnahelic guage can be
used to check the pressure in relation to areas outside the range. A
hose can be placed outside the door with at [east six inches of hose
out side the door or use a snoke tube at all entrances or openings
into the range. Snoke should enter into the range from outside
areas. The test is acceptable if snoke clearly enters into the range
from outside areas

6.4.2 Ceneral Adm nistrative Building Air Handling Systens:

6.4.2.1 Air-Handling-Unit (AHU): Provide a double wall variable volune air-
handling unit with insul ated casing and energy recovery section capabl e of
handl i ng 100% outside air. . The unit will be located in the south nechanica
room adjacent to the outdoor mechanical area. The condensing unit will be

| ocated in the adjacent, outdoor, nechanical equi pment space. The air-handling
unit will include 25% - 30%filter section, energy recovery section, nmXxing
section, hot water heating coil, direct expansion (DX) cooling coil, supply fan
with variable speed notor, and access sections. Supply air will be ducted to
zone variable volune terminal units with (hydronic) reheat coils and
subsequently distributed to grills, registers and diffusers. Return air may be
routed via plenumor ducts fromgrilles in each conditioned space to the air-
handling unit. An exhaust fan shall draw the return air through the energy
recovery section and exhaust to atnosphere. The Admi nistration Area shall be
bal anced to a slightly positive air pressure supplying nore air than is being
exhausted through toil et exhaust. Excess supply air shall be relieved through a
backpressure relief system A night set back node will conserve energy by
setting back the space tenperature setpoints, shutting down exhaust fans and
reduci ng the mninmumoutside air setting to nmaintain a positive space pressure.
During occupi ed periods, the outdoor air and exhaust air shall be routed through
t he energy recovery section. An air econom zer function shall be accommpdated
with outside air and exhaust air danpers that bypass the energy recovery wheel
The vestibule shall be heated by a cabinet unit heater

6.4.2.2 The Range Control Room shall be on a separate tenperature control zone
and shall be designed to remain pressurized with respect to the firing range.

6.4.2.3 The Main Storage Room shall be on a separate tenperature control zone
and shall be designed to remain pressurized with respect to the firing range

6.4.2.4 Size ductwork using equal friction criteria. Size supply air ductwork
to not exceed 24.9 Pa pressure drop per 30480 mm of duct. Size return, outdoor
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relief and exhaust ductwork to not exceed 17.4 Pa pressure drop / 30480 nm Air
vel ocity should not exceed 9.1 m's velocity.

6.4.2.5 Toil et Exhaust System Provide a ducted exhaust systemto serve the
toilet rooms no. 119 and 120 and janitor’s closet no. 117. The exhaust fans
shall be inline type and ducted to sidewall |ouvers. Toilet roomno. 131 shal
be exhausted to a power roof exhaust fan.

6.4.2.6 Arms Cl eani ng and Weapons Mai nt enance Roons: Provide a ducted exhaust
for the solvent cleaning operation and duct to sidewall |ouvers in the outside
mechani cal equi pment area

6.4.2.7 Mechani cal Equi prent Rooms (MER): Ventilate both MER' s with
thernostatically controlled outside air. Provide hydronic unit heater to
mai ntain m ni num safe room tenperature.

6. 4.3 Ductwork Design:

6.4.3.1 Provide gal vani zed sheet nmetal ductwork in accordance with Sheet Metal
and Air Conditioning Contractors National Association (SMACNA) standards,
fiberglass insulated with factory-applied cover. Insulation in exposed areas
shall be rigid and insulation in conceal ed areas shall be flexible. Exterior
ductwork shall be insulated with cellular glass and al um num jacket in
accordance with the manufacturers specification.

6.4.3.2 Ductwork should incorporate good engi neering practice, including snooth
el bows with an RF'D ratio of not less than 1.5. Take-offs from mains shall be

wi th expanded or conical takeoffs. Provide access doors at periodic |ocations
in the ductwork to enabl e inspection and cl eani ng.

6.5 NO SE CRI TERI A
6.5.1 Firing Range system shall be designed not to exceed an NC rating of 65.

6.5.2 Ceneral Building System shall be designed to an NC 35 for all occupied
spaces.

6.6 CONTROL SYSTEM

6.6.1 The building shall have a Direct Digital Controls (DDC) systemwth
electric or electronic operators for danmpers and val ves. System shall be
conpatible with and connected to the existing canpus systemvia the base LAN
Use wall nounted tenperature sensors to control termnal units. Systemto be
coordi nated with and incorporated into the firing range control system The
firing range target control systemw |l not operate w thout proof that the
respective HVAC systemis operating properly and the airflow is within design
limts. Air systemcontrol console shall be located in the respective range
control rooms for each range. Target control system shall be interlocked with
the air system and not operate wi thout confirmed proper operation of appropriate
air system Systemshall be alarmed if:

The space shoul d exceed all owabl e pressure limts.

Any fan fails to operate.

MAU airflow falls bel ow setpoint (Duct air flow setting shall equate to
21.9 npm (low side tolerance of 23 + 5%air velocity at the firing line).

Filters are approaching shutdown [imt. Monitor differential pressure at
each filter section (prefilter, md-filter, HEPA filter)for each MAU
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Alarm at 80% of capacity and di sable system at val ues greater than 90%
capacity.

6.6.2 The firing range supply and exhaust fans shall be electrically interlocked
to run at the sanme tinme. The administrative area AHU shall be controlled in
accordance with an appropriate occupi ed/ unoccupi ed strategy.

6.6.3 The control systemshall monitor all paraneters required to properly
control the HVAC system and provide automatic control of all manageabl e devices.
The control system shall monitor, record and report electricity and steam
consunpti on.

6.6.4 The control system shall manage a staged startup of mechani cal equipnent.
Coordinate with the electrical design engineer

6.6.5 Control systemshall be conpatible with the Base standard DDC system
STAEFA or Johnson Control (METASYS). Control and nonitoring points shall be
conpatible with the central Base EMCS system | ocated in Building 3022. Provide
i nterface and connection to the Base Energy Mnitoring System

6.6.6 Provide Operations and Mai ntenance Manuals with Cdrom containing the
software copy of all HVAC itens to include but not be linmted to, equipnent

| ayout schematic, sequence of operations, software programm ng sheets, graphics,
as-built database, and line diagrans.

6.6.7 Provide non-setpoint adjustable thernostats with override occupied start
feature. Provide tank pressure sensor for anal og input of the air conpressor
tank by the DDC System

6.6.8 Provide | am nated and wat er proof docunentation in each control panel for

bill of materials, sequence of operation, |adder schematiacs, pictorial
schemati c.
6.7 PLUMBI NG

6.7.1 Conpressed air:

6.7.1.1 Conpressor to be located in nechanical room #121, and have a m ni mum
capacity of 11.8 L/s (25 cfm at 1206 kPa(1l75 psi)

6.7.1.2 Provide outlets at each work station around the perinmeter at the work
benches in the Wapon Mi ntenance room nunber 118.

6.7.1.3 Pipe: Type L hard copper, ASTM B88
6.7.1.4 Joints: Brazed with AWS A5.8 BcuP-3
6.7.1.5 Fittings: Wought copper, ANSI B16.22

6.7.1.6 Valves: of conpatible materials sized as required for performance and of
type suitable for the application

6.7.2 Domestic Cold and Hot Water:
6.7.2.1 Connect to site donestic cold water piping entering the side of the

sout heast nechani cal room Design donmestic hot and cold water supply, and waste
and vent systens to serve plunmbing fixtures shown on the Architectural draw ngs.
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Size piping for nomnal 1.22 ms to 1.83 nmis velocity in pipes, but do not
exceed 2.4 ms and maxi mum pressure drop of 17.94 kPa/ 30480 mm of pi pe.

6.7.2.2 Donestic water piping shall be type L copper. |Insulate piping with
fiberglass insulation with factory-applied cover. Provide valves at each branch
takeoff to toilet rooms and janitor’s closet, weapons nmai ntenance area and

cof fee bar.

6.7.3 Roof Drainage:

6.7.3.1 Roof drains shall be internal drains with all piping below the roof
insulated to prevent surface condensation

6.7.4 Sanitary System

6.7.4.1 Provide a soil, waste and vent systemfor the toilet roons, janitors
closet, floor drains and other plunbing requirenents in the facility. Tie into
the sanitary system

6.7.4.2 Sanitary system piping shall be either service weight cast iron or
copper. Exposed piping shall be chrome plated. Insulate exposed drains to
fixtures for the handi capped and water cooler drains with insulation with
factory-applied cover

6.7.5 Plunbing Fixtures:

6.7.5.1 Install fixtures where shown on the floor plan.

6.7.5.2 Provide a floor drain with trap prinmer at each group of water closets.
6.7.5.3 Provide new vitreous china, nonabsorbent, comrercial quality fixtures

free of cracks, blisters, thin spots or other flaws. Fixtures for the physically
handi capped shall be in accordance with ADA requirenents.

6.7.5.4 Faucets and trimshall be chrome finished with brass and copper
wat er ways.

6.7.5.5 Carriers shall be provided for water closets, urinals, |lavatories, and
wat er cool ers.

6.7.5.6 Water closets shall be wall hung, siphon jet, elongated bow, top spud,
wal | mounted. Seat shall be white plastic open front. Flush Valve shall be non-
hol d open feature, back check angle control stop, and vacuum breaker

6.7.5.7 Urinals shall be wall hung, siphon jet, top spud, back outlet, privacy
screen. Flush Valves shall be non-hold open feature, back check angle contro
stop, and vacuum br eaker

6.7.5.8 Lavatories shall be self-rimrmng counter type. Faucet shall be deck
nmounted single |lever type. Drain shall be strainer type.

6.7.5.9 Water Cool er shall be dual height, self-contained, wall nounted, push
pad actuation.
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6.7.5.10 Service Sink shall be precast terrazzo floor nmounted nop sink with
stainless steel cap and 76.2 mmdrain. Size shall be 914.4 mm x 609.6 nm x 304.8
mm hi gh.

6.7.5.11 Dry Sink: Governnment type to conply with Federal Specification WAP-541b
and current amendments. Single conmpartnent with integral wel ded drainboard on

| eft side and 38.1 nm backspl ash. Sink shall be 14 gauge m ni mum thi ckness 304
stainl ess steel. No faucets or drain.

6.7.5.12 Scullery Wt Sink: Government type to conply with Federal Specification
WAP- 541b and current anmendments. Single conpartment with integral welded drain
board on right side and 31.1 mm backsplash. Sink shall be 14 gauge m ni mum

t hi ckness 304 stainless steel. Faucets shall be chrome plated, 1.27 mml.P.S.
female flanged inlet, 1.9 mm hose thread outlet.

6.7.5.12 Provide a permanently installed eye wash (fixed plunbing) in the
Weapons Mai ntenance Room Eye Wash shall be ADA conpliant, wrap around skirt,
stay-open stainless steel ball valve, twin stainless steel eye/face wash, water
fl ow operated with hand paddl e, safety sign

6.7.5.13 Hot Water Heater: Design electric heater in accordance w th ASHRAE

gui delines and to be constructed in accordance with ASME Code for working
pressure 1034 kPa (150 psig). Heater shall be in conpliance with UL 174 or UL
1453, and listed by manufacturer for commercial applications. Heater shall be
factory assenbled with glass |ined tank separately controlled heating el enents,
safety controls, drain valve, anode rod, and dip tube. Heater size is estimted
to be less than 12 kW heating and 120 gal |l on

6.8 FI RE PROTECTI ON

6.8.1 Fire protection shall conformto Federal Safety and Health Regul ati ons for
Construction (OSHA)

6.8.2 Sprinkler Systemns:
6.8.2.1 Except as noted the entire building will be sprinklered as follows:

Ordinary hazard, Group 2, wet systemwith 0.136 L/sq mdesign density for 278.7
sq marea of operation. Provide hose allowance of 31.6 L/s. Based on this

information, the following data will be considered m ni mum requirenents.
Spri nkl er Demand = 0.136 L/(s x nm) x 278.7 nt = 37.9
Spri nkl er Demand x 1.30 safety factor = 49.3 L/s
Hose Demand = = 31.6 L/s
Total Water Demand = = 80.9 L/s

6.8.2.2 Shall performa water flow test, scheduled with C. J. Vehorn @ 257-
3397.

6.8.2.3 For reference, a water flow test was performed on Septenber 4, 2002

The flow test was perfornmed at the fire hydrant at the corner of Newark and
Street. The pressures were neasured at the fire hydrant, one bl ock away, at the
corner of Newark and Road “Z”. Test results:
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Fl ow = 69.4 1/s
Static pressure = 365 kPa
Resi dual pressure = 317 kPa

6.8.2.4 It is not anticipated that a fire punp will be required

6.8.2.5 Sprinkler system nust be equipped with a 4" “Storz” connection angl ed
at 45 degrees, pointing toward the ground.

6.8.2.6 Light hazard pi pe schedule sprinkler systens are not permtted.

6.8.2.7 Al sprinkler systens nust be equi pped with water flow al arns that
transnmt a signal to the base fire departnent.

6.8.2.8 All sprinkler control valves shall be electrically supervised

6.8.2.9 Three-foot m ninumclearance required on all sides of sprinkler risers,
val ves, check valves and simlar devices to facilitate maintenance.

6.8.2.10 Check val ves and ot her devices requiring regular mintenance shall not
be | ocated above drop ceilings in finished areas.

6.8.2.11Sprinklers shall be “conceal ed pendant nounted” type in finished areas.
Val ves with tanper switches and fl ow switches shall be provided.

6.8.2.12Do not provide sprinkler systemin roons:

M60 Firing Range #124

M50 Bull et Trap area #125
M50 Back Aisle #126

Mai n Firing Range #127
Main Bullet Trap area #128
Mai n Back Aisle #129.

6.8.3 Fire Extinguishers and Cabi nets:

6.8.3.1 Provide multi-purpose, dry chem cal fire extinguishers and cabinets in
accordance with NFPA 10.

6.8.3.2 A portable fire extinguisher rated not |less than 2-A shall be provided
for each 278.7 sq. m of the construction building area, or major fraction

t hereof . Extinguishers shall be inspected and maintained in accordance with NFPA
10, Portable Fire Extinguishers.

6.8.3.3 Fire extinguishers |isted or approved by a nationally recognized
testing | aboratory shall be used.

*4
6.9 COM SSIONI NG — The HVAC system and the controls system shall be fully
comi ssi oned per section 15995,

*4
PART 7 — ELECTRI CAL

7.1 EXTERI OR ELECTRI CAL
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7.1.1 Service Entrance: Refer to Section 01020, Part 2 for Electrical Service
Ent rance Requirenents.

7.1.2 Exterior Lighting:

7.1.2.1 Parking Lot Lighting: Provide parking lot lighting with a genera
illumnation |evel of 2 foot-candles. Lighting poles shall be spaced to provide
a uniformlighting pattern and shall not obstruct traffic or parking spaces.

Pol es shall be alumnum Light fixtures shall be nmetal halide 250 watt. Contro
shall be via a photocell

7.1.2.2 Security / Egress Lighting: Provide building security / egress l|ighting
at all entrances and exits fromthe building. Main entrance |ighting shall be
metal halide. Al fixtures shall be architectural type, selected to be
conpatible with the building architecture. Control shall be via a photocell.

7.1.2.3 Utility Lighting: Provide security and naintenance |ighting for outdoor
mechani cal courtyards. Lighting shall provide sufficient lighting to inspect
equi pnment at night. A weatherproof switch |located within the nmechanica
courtyard shall control lighting. Fixtures shall be metal halide.

7.1.2.4 Wl kway Lighting: Provide nmetal halide bollards along the wal kway to the
mai n buil ding entrance. Provide illum nation levels in accordance with the
| at est recommendations of the Illum nati ng Engi neering Society.

7.1.3 Communi cations: Refer to Section 01020, Part 2 for Conmuni cati ons Service
Ent rance Requirenents.

7.2 | NTERI OR POVER
7.2.1 Building Electrical Service

7.2.1.1 A 480Y/ 277 volt, three phase building service will be extended
underground into the building froma new pad nounted 15Kv, 480 volt secondary
transformer. Provide 15kV riser from overhead 15KV |ine down pole to a ductbank
connecting to a pad nounted transformer. Provide fused cutouts and |i ghtning
arresters on pole for new riser.

7.2.1.2 Provide a Service Entrance Rated Panel, with nain breaker in the main
building Electrical Room Service Entrance Panel shall be wall nounted,

480Y/ 277V volt, three phase. This panel shall serve mechani cal equi pnent, sub-
feed to a separate 480Y/ 277 volt, three-phase lighting & m scellaneous | oad
panel and feed a 480Y:208Y/ 120 volt transformer as descri bed herein.

7.2.1.3 Provide a m ni num of 20% spare capacity and circuit breaker space in the
Service Entrance Panel.

7.2.1.4 Transient Voltage Surge Suppression (TVSS): TVSS shall be provided on
the main bus of the Service Entrance Panel

7.2.2 Building Electrical Distribution System
7.2.2.1 Provide distribution panels (208Y/ 120 volt, three phase) for building
general power. Panels shall be fed fromthe Service Entrance Panel via a 480Y:

208Y/ 120 volt, three-phase transfornmer. General power panels and circuits shal
be provided as required to nmeet the building electrical systemrequirenents.
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7.2.2.2 Provide separate panel (s) for all lighting, equipnment and general power
requirenents for the Miin Firing Range, MO Mchine Gun Range, Range Contro

Roons and Range Entry Roons. Locate the panel(s) in the Main Range Control Room
Firing range equi pment (bullet traps, targeting system etc.) shall be provided
with dedicated circuits for each piece of equipnent.

7.2.3 Electrical Equi prent and Devi ces:

7.2.3.1 Devices and equiprment shall conform to the following regulatory
docunent s:

| EEE C37.13 Low Vol tage AC Power Circuit

NEMA 250 Encl osures for Electrical Equipnent (1000 Volts Maxi num
UL 489 Mol ded- Case Circuit Breakers and Circuit-Breaker Enclosure
NEMA ST 20 Dry-Type Transformers for General Applications

NEMA VWD 1 Ceneral Requirements for Wring Devices

7.2.4 Wring Requirenents:

7.2.4.1 Al conductors shall be copper. Branch circuit conductors shall not be
smal l er than No. 12 AWG

7.2.4.2 Conductors for branch circuits of 120 Volts exceeding 100 feet in
Il ength, and 277 Volt circuits exceeding 230 feet in length from panel board to
center of load shall be not smaller than No. 10 AWG Conduit sizes are based on
the use of type THHN insulation for conductors smaller than NO. 1/0 and type
THWN for cables larger than No. 1/0.

7.2.4.3 Phase conductors shall be identified by color-coding. The color of the
i nsul ati on on phases A, B and C respectively (for three phase) or phases A and B
respectively (for single phase) of different voltage systens shall be as
fol | ows:

120/ 208 Volts: Black, Red and Bl ue
277/ 480 volts: Brown, Orange and Yell ow

7.2.4.4 Conductor identification shall be provided within each encl osure where a
tap, splice or termnation is made.

7.2.4.5 Provide a separate green ground conductor in each conduit.

7.2.4.6 Al conduits shall be steel. Metallic arnmored cable may be used in
wal | s.

7.2.5 ldentification Requirenments:
7.2.5.1 Provide identification nameplates on the foll ow ng equi pnent:

Panel boards

Motor Starters

Safety Switches

Transforners

Equi prent Encl osur es

Mot or s

Tel ephone and Conput er Racks

SECTI ON 01020 Page 39



Fully Contained Small Arns Range Ament ment 0004 475905

7.2.6 Panel boards:

7.2.6.1 Provide a mnimum of 20% spare bus capacity and circuit breaker space in
all panel boards.

7.2.6.2 Al panel boards shall be provided with copper busses and neet the AIC
capacity required as denonstrated in the short circuit study perfornmed by the
Contractor. All new panels shall be bolt-on circuit breaker type and equi pped
with main breakers.

7.2.7 Systens Furniture Power:
7.2.7.1 Provide electrical service to systenms furniture as required in Section

01020, Part 4. Power connections to furniture systens shall be through wall,
colum or floor feeds. Power poles are not permtted.

7.2.8 Transforners:

7.2.8.1 Dry type transforners serving the 208Y/ 120V branch circuit panel boards
shall be floor nmounted in the Electrical Roomand isolated to reduce the

transm ssion of vibration to the structure. Connections to transforners shall be
made using flexible conduit.

7.2.9 Receptacl es:

7.2.9.1 Receptacles shall be provided for general use and special equi pnment as
necessary. No nore than four receptacles shall be on a branch circuit feeding
of fice cubicles. Receptacles feeding computer |oads and special equi pnent shal
be on separate circuits fromthe general and mechani cal equi pment circuits.

7.2.10 Special Firing Range Systens:

7.2.10.1 Provide power and control for a conplete installation of the Firing
Range Systems described in 01020, Part 3. Coordi nate power and contro
requirenents for all Firing Range systems with manufacturer of system

7.3 LI GHTI NG

7.3.1 Fixtures:

7.3.1.1 Provide 2' X4’ deep-cell parabolic fluorescent, lay-in fixtures

t hroughout office areas. Louvers shall be a mninmmof 3 inches deep and shal

have 24 cells.

7.3.1.2 Lensed recessed 2' X4’ troffers shall be provided in general spaces with
ceilings that have no computer use.

7.3.1.3 Provide industrial strip fixtures with a plastic |lens casing in genera
interior areas w thout ceilings such as, electrical, mechanical roons.

7.3.1.4 Fixtures shall be equi pped with high-Frequency electronic ballasts. Al
bal | asts shall be equi pped with RF suppression.

7.3.1.5 Fixtures shall use T-8 lanmps with a correlated col or tenperature of
4100K and have a mini mum Col or Rendering |Index (CRI) of 75.
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7.3.1.6 Fixtures shall be switched in each individual roomby wall switches at
the entry door to the room Light switches shall be equi pped with occupancy
sensors. The sensors shall be designed with the proper conbination of automatic
and manual lighting control to achieve maxi num efficiency and energy
conservati on.

7.3.1.7 Exit signs shall have lettering on an opaque background. Internally
illum nated signs shall be light enmitting diode (LED) type.

7.3.2 Light Levels:

7.3.2.1 Light levels shall be as recommended in the Illum nating Engi neering
Soci ety of North America Handbook. Mnimumis as follows:

O ficel dassrooms/ FACTS - 50 foot-candl es

Arms Cl eani ng & Weapons Mi nt enance - 70 foot-candl es

St or age Roons - 20 foot-candl es
Arns Vaul t - 50 foot-candl es
Range Control Roons - 50 foot-candl es
Corridors - 15 foot-candl es
Toil ets - 15 foot-candl es
Stairs - 30 foot-candl es
El ectrical roons - 35 foot-candl es
Mechani cal roons - 35 foot-candl es

7.3.3 Range Lighting:

7.3.3.1 See Section 01020, paragraph 3.5 for requirenents.
7.4 SPECI AL SYSTEMS

7.4.1 Fire Alarm System

7.4.1.1 The fire alarmsystemw || be an addressable intelligent system whose
fire alarmcontrol panel is |located near the building entrance. Key panels to a
Master “B” keyway per Base Facility Standard. Provide Knox Box and connection
from Knox Box tanper switch to FACP. Snoke detectors will be provided per NFPA
72 and 75. Provide conbination audible/visible notification appliances

t hroughout. In areas deened not to require an audi bl e appliance, such as a
toilet room a visual only appliance shall be provided.

7.4.2 Intrusion Detection System (I1DS):

7.4.2.1 See Section 01020, paragraph 3.6 for requirenents.

7.4.3 Data & Tel ephone System

7.4.3.1 Provide data and tel ephone wiring and outlets in accordance with the
requi renments of the Base Facility Standard (included as a reference with this
RFP). Qutlet quantities shall be as shown on the draw ngs.

7.4.3.2 data cabling shall be Category 6. Tel ephone cabling shall be Category 5.

7.4.3.3 Contractor shall coordinate with WPAFB personal for the punch
down/term nati on of cabling.
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7.4.4 Lightning Protection System

7.4.4.1 Provide a conplete alum numlightning protection systemconfornmng to
NFPA 780.

7.4.5 Grounding:

7.4.5.1 Provide a conpl ete building groundi ng counterpoise system conplete with
ground rods.

7.4.5.2 Tie building systemground to Lightning Protection System
PART 8 - CONSTRUCTI ON CONSI DERATI ONS AND USE OF PREM SES
8.1 SUMMARY

8.1.1 The requirenments include:

Construction considerations and use of the prem ses.

Protection of personnel and Government property.

Construction facilities and job site standards.

The requirements of this section apply to the entire project including
all addenda or change orders that may be issued to nodify the contract
docunents.

8.2 GENERAL | NFORMATI ON
8.2.1 Construction Considerations:

8.2.1.1 The superintendent in charge of this work shall personally contact
the Base Civil Engineering Division, Building 11, Area C, and the Contracting
O ficer a mnimmof 72 hours before starting site operations of the contract,
before resunpti on of seasonal work, before restarting work after a | engthy

del ay, and prior to noving nmen and equi pnent from one site of work to another

8.2.1.2 Coordinate all construction activities with:
a. Project Inspector
b. Contracting Oficer Representative
c. Base Fire Department
d. Security Police
8.2.1.3 Prior to the start of any construction operations whatsoever, a

schedul e of work or operations in proper sequence shall be submtted by the
contractor for approval by the Fire Protection Branch, Security Police, Safety
Office, and the Contracting Oficer so as to cause a m ni nrum anount of
disruption to the normal flow of traffic on streets, pedestrian travel, base
security, and facility operations.

8.2.1.4 Coordi nate all Construction and Use of Premi ses Activities with the
Contracting O ficer Representative.

8.2.1.5 Contractor shall take extra care to conmply with all OSHA safety
regul ati ons for his enpl oyees, subcontractors, vendors and representatives, as
wel |l as all building occupants and visitors.

8.2.1.6 Coordinate with Contracting O ficer the scheduling and routing of
wor k, personnel access and material deliveries for the work.
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8. 3 DOCUMENTATI ON

8.3.1 Construction Plan:

8.3.1.1 Prior to the start of any onsite construction activities, the
Contractor shall submit a detailed construction plan. The plan shall include:
a. A detail ed schedule of the major construction activities (GANTT

chart or other nmutually agreeable format).

8.3.1.2 Subnmit to the Contracting Officer’s Representative for approval, a
proj ect schedule detailing on a weekly basis when work is to begin for each
maj or work item and what work is to be acconplished (including quantities), etc.
Whi |l e factors not under the Contractor's control may cause the Contractor to
fall behind the schedule, the intent of the schedule is to informthe Governnent
of planned orderly progression of the work in proper sequence. Once the schedul e
is approved, do not deviate fromthe sequence, without prior witten approval

8. 3.2 Waste Disposal

8.3.2.1 Prior to the start of any onsite construction activities, the
Contractor shall subnmit a witten plan for disposing of waste materials
resulting fromwork under this contract. |If any waste material is dunped or

left in an unauthorized area, the Contractor shall renopve the material and
restore the area as required by the Contracting Oficer.

8.4 CONSTRUCTI ON CONSI DERATI ONS
8.4.1 Use of the Prem ses
8.4.1.1 Contractor shall have exclusive use of the site for construction

8.4.1.2 Wor ki ng hours for the Contractor will be Monday through Friday
between the hours of 5:00 a.m and 6:00 p.m unless otherwi se noted. No work
shall be performed on Saturdays, Sundays, and Federal holidays unl ess otherw se
stated or shown.

8.4.1.3 Work may be required to be perforned after normal business hours or
on weekends if it is deternmined by the Contracting Oficer to be disruptive to
t he buil di ng occupancy or operations.

8.4.1. 4 In general, the Contractor shall be responsible for providing
portable toilet, drinking, and washing facilities for his enployees and
subcontractor use

8.4.1.5 The Governnent will make all reasonably required anounts of
utilities available to the Contractor from existing outlets and supplies. The
Contractor shall carefully conserve any utilities furnished wi thout charge.

8.4.1.6 Prior to comrencenent of denolition and construction, the Contractor
shall coordinate daily access and egress fromthe area of construction with the
Contracting Oficer. The Contractor shall confine construction personnel and
equi pnent travel and operations to the area of work.

8.4.1.7 Uility outages and interruptions shall be schedul ed through a
written request to the Contracting O ficer fourteen (14) days in advance.
Construction activities requiring utility outages may be required to be
performed after hours or on weekends.
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8.4.1.8 No power outages will be permtted w thout advance witten approva
by the Contracting O ficer

8.4.2 Egress

8.4.2.1 Contractor shall maintain a neat and orderly workplace with clear
pat hs of energency egress within the construction area.

8.4.3 Storage of Materials

8.4.3.1 The Contractor shall be responsible for the storage and saf ekeeping
of all material to be incorporated into the work. The Contractor shall be
responsi ble for all aspects of safety and security within the storage area.

8.4.3.2 Contractor shall limt storage of materials, equiprment trailer, and
sheds to the site-designated staging area or within the confines of the area of
wor k.

8.4.3.4 Provi de adequate storage facilitates for protection of materials and
equi prent. Materials and equi prent shall be stored so as to ensure preservation
of their quality of fitness for Wrk. Perishable items and itens adversely
affected by weather, rain, w nd, dust, heat, or cold shall be stored within the
desi gnat ed area of construction, tenporary waterproof sheds, or nobile
facilities with raised floors, and heated if necessary. Oher materials and
equi pnent shall be stored on wooden platforns and not on the ground.

8.4.3.5 Storage facilities shall be clean, in good condition, undamaged and
free of rust or surface deterioration. Rental trailers shall be of a neutra
color. Unsightly material storage or office trailers will not be permtted.

8.4.3.6 The Contractor shall be responsible to maintain the condition of
storage facilities, as defined above, and the entire construction site in a
neat, orderly, professional and uncluttered manner at all tinmes throughout the
Il ength of the contract.

8.4.3.7 The Contractor's job site trailer shall have a professionally nmade
metal identification sign attached in a prom nent |ocation. The sign shall be 2
ft. x 3 ft. in size (with light colored lettering on a dark col ored background)

i ndi cating the Contractor nane, nanme and 24 hour phone nunber of soneone to
contact in case of energency.

8.4.4 Security
8.4.4.1 Security requirenents shall be observed at all tines. The Contractor
shall be responsible for maintaining satisfactory standards of enployee

conpet ency, conduct, appearance, and integrity.

8.4.4.2 Construction operations shall be strictly confined to the designated
area of Work.

8.4.5 Protection of Personnel and Governnent Property

8.4.5.1 Contractor shall conmply with all applicable Federal, State, and
Local safety codes, regulations, and requirenents.

8.4.5.2 It is the Contractor’s responsibility to maintain a secure
construction site to prevent access to the work area by unauthorized personnel
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8.4.5.3 Safety posters, “hard hat area” posters, “authorized personnel only”
posters, and any other notifications required by |aw shall be posted and
mai ntai ned in sufficient quantity to be conspicuous on the job site.

8.4.5.4 In the event of danmamges of any nature caused by this work due to

i mproper protection, precaution or safety neasures, such damages shall be
repaired or the Contractor at no cost to the Governnent shall replace such
property. In the event the Contractor does not satisfactorily repair or replace
such damage caused by the work of this contract, the Government will make the
necessary corrections and the Contractor shall reinburse the Governnment for

i nconveni ences, |abor, and materials, involved.

8.4.6 Fire protection

8.4.6.1 Fire protection shall conformto Federal Safety and Health
Regul ations for Construction (OSHA)

8.4.6.2 Fire extingui sher equi pnment shall be provided in storage areas
according to the hazard present.

8.4.6.3 Fire extinguishers |listed or approved by a nationally recognized
testing | aboratory shall be used.

8.4.7 Waste Disposa

8.4.7.1 The Contractor is required to maintain a clean project site free of
accurrul ati ng debris. Denolition debris and other construction waste shall be
promptly di sposed of at the end of each workday in proper waste containers
mai nt ai ned on the project site by the Contractor

8.4.7.2 Envi ronnment al | y hazardous or other construction debris with special
di sposal requirenments shall be stored on the site and disposed of off site in a
proper | awful manner.

8.4.7.3 Al'l debris shall be renmoved fromthe site on a regular basis. Wste
shall not be allowed to accunul ate.

8.4.7.4 Construction waste and debris maintained on-site prior to off-site
di sposal shall be controlled in a manner to elimnate any potential health or
saf ety hazards.

8.4.7.5 Burni ng of waste or any other material on-site is strictly
prohi bi t ed.
8.4.7.6 The project job site shall be “broomcleaned” at the end of each

work day. The Contractor shall renmove debris fromthe job site as it is
generated and di spose of it in proper containers as outlined herein.

PART 9 — LEAD MANAGEMENT PLAN

9.1 SUMVARY

8.1.1 As part of the Part 2 design subnmttal, the contractor shall submt a
draft Lead Managenent Plan to address sanpling, testing, operation, maintenance
and cleaning of the facility so that it remnins in conpliance with OSHA
requi renments for linmting exposure to lead and/or |ead dust during operation.

The plan shall be prepared by, or wunder the supervision of, a certified
i ndustrial hygienist. The plan shall address such issues as enployee access to
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contam nated areas, disposal of waste nmaterials and filters, operation and
mai nt enance of the ventilation system and any other lead related problenms that
the user will encounter in operating the range facility. The draft plan shall be
subj ect to review and correction as indicated for the design. Before the project
is substantially conplete, the contractor shall wupdate the plan to include
i nformati on on actual products used in construction (manufacturer, nodel, etc.).

*1
PART 10 — RENDERI NG REQUI REMENTS

10.1 The contractor shall provide two different perspective renderings for the
project as follows:

10. 1.1 “Birds-eye” or roof top perspective of the project to include as nmuch of
the surrounding area and exi sting buildings as necessary to depict the new
facility and its contextual setting. Do not choose an angle so high that the
drawi ng i s doni nated by the roof.

10. 1.2 Eye-level perspective focusing on the building design and its significant
architectural features. Typically, the nmpbst prom nent entrance or facade is
portrayed. The angle is at the discretion of the designer in these cases.

10. 2 Sketch versions of the two perspectives |listed above shall be submitted for
reviewwith the Part 1 design. Sketch perspectives shall be illustrated and
rendered using pen and marker techni ques which adequately illustrate the
exterior materials, colors, and design intent. These perspectives shall be
presented in no smaller than 11 inch by 17 inch format to facilitate display and
st or age.

10. 3 Final versions of the perspective renderings shall be submitted 60 days
after the Part 1 review neeting. Submit two full-sized copies (not snmall photos)
of each final rendering; one each to the base and the second set to AFMJ CEC,
through the Contracting O ficer. The final perspectives shall be subnmitted in
the follow ng standard format to facilitate display and storage.

10. 3.1 The size shall be 24 inch by 36 inch overall, including matti ng and
frame.

10. 3.2 Frames shall be bronze netal, 3/4-inch to 1-inch deep; with single
matting in a neutral col or which conplenments the draw ng.
*1

END OF SECTI ON

SECTI ON 01020 Page 46



Ful ly Contained Small Arns Range, WPAFB A03R0005
Amendnent 4

PART 1

[

WRRPRPRRERNR

[Eny
[62 >N

PART 2

PART 3

Wwwwnww e
SENESESEARTESESESEN

O~NOUNNDWN R
N

NNDNDN

[

SECTI ON TABLE OF CONTENTS
DI VI SION 01 - GENERAL REQUI REMENTS
SECTI ON 01331
SUBM TTAL PROCEDURES FCR DESI GV BUI LD

06/ 02

GENERAL

SUBM TTAL | DENTI FI CATI ON
SUBM TTAL CLASSI FI CATI ON

.1 Desi gn Engi neer of Record (EOR) Approved

.2 Government Revi ewed Design or Extension of Design
.3 Gover nment Approved

.4 Information Only

CONTRACTOR RESPONSI BI LI TY FOR GOVERNMENT REVI EWVED OR GOVERNVENT
APPROVED SUBM TTALS

DI SAPPROVED SUBM TTALS

W THHOLDI NG OF PAYMENT

PRODUCTS (Not used)

EXECUTI ON

DESI GN SUBM TTALS

.1 SUBM TTAL REQ STER (ENG For m 4288)
.2 Draft 1354
CONSTRUCTI ON SUBM TTALS
GENERAL
Schedul i ng

Transmttal Form (ENG FORM 4025)

Subnmittal Procedure
.1 Procedur es
4.2 Devi ati ons
Control of Subnmittals
Gover nment Conf ornmance Revi ew and Approved Subnittals
Information Only Subnmittals
STAMPS

-- End of Section Table of Contents --

SECTI ON 01331 Page 1



Ful ly Contained Small Arns Range, WPAFB A03R0005
Amendnent 4

SECTI ON 01331

SUBM TTAL PROCEDURES FCR DESI GV BUI LD
06/ 02

PART 1 GENERAL
1.1 SUBM TTAL | DENTI FI CATI ON

Submittals required are identified by SD nunbers and titles as foll ows:
SD-01 Preconstruction Submittals
A docunent, required of the Contractor, or through the Contractor, froma
supplier, installer, manufacturer, or other lower tier Contractor, the
purpose of which is to confirmthe quality or orderly progression of a
portion of the work by docunenting procedures, acceptability of nethods or
personnel, qualifications, or other verifications of quality.
SD- 02 Shop Drawi ngs
Submittals which graphically show rel ati onshi p of various conponents of the

wor k, schematic di agrans of systens, details of fabrication, |ayouts of
particul ar el enments, connections, and other relational aspects of the work.

SD- 03 Product Data

Preprinted manufacturer material describing a product, system or nmaterial
such as catal og cuts.

SD- 04 Sanpl es
Sanpl es, including both fabricated and un-fabricated physical exanples of
materials, products, and units of work as conplete units or as portions of
units of work.

SD- 05 Design Data

Submittals, which provide cal cul ati ons, descriptions, or docunentation
regardi ng the work.

SD- 06 Test Reports

Reports of inspections, or tests, including analysis and interpretation of
test results.

SD-07 Certificates
Statenent signed by an official authorized to certify on behalf of the

manuf acturer of a product, systemor material, attesting that the product,
systemor material neets specified requirenents. The statenment nust be
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dated after the award of the contract, nust state the Contractor's nane and
address, nust nane the project and |location, and nust |ist the specific
requi renents, which are being certified.

SD- 08 Manufacturer's |nstructions

Preprinted nmaterial describing installation of a product, system or
material; including special notices and naterial safety data sheets, if
any, concerning inpedances, hazards, and safety precautions.

SD- 09 Manufacturer's Field Reports

Daily reports fromspecialty suppliers to the contractor that provide
infornation, data, tests result for a product.

SD- 10 Operation and Mai ntenance Data
Data, which forns a part of an operation and nmi nt enance nanual .
SD- 11 d oseout Subnittals

Al data, docunmentations, information, and draw ngs to achi eve contract
cl oseout .

SD- 12 Schedul es

Al data, docunmentations, information, and draw ngs to achi eve contract
cl oseout .

SD- 13 Records

Docurmentation to record conpliance with technical or adm nistrative
requi renents.

1.2 SUBM TTAL CLASSI FI CATI ON
Submittals are classified as foll ows:
1.2.1 Desi gn Engi neer of Record (EOR) Approved

ECR applies to individuals who have professional accountability and design
responsibility for certain features of a project involving one or nore
engi neeri ng and design discipline, such as architectural, structural
nmechani cal, or electrical. EOR approval is required for all required
proj ect design subnmittals as identified in section 01021, extensions of
design, critical materials, any deviations fromthe solicitation, the
accepted proposal, or the conpl eted design, equi pment whose conpatibility
with the entire system nmust be checked, and other itens as designated by
the Contracting Officer. Included in this category of subnittals are
structural steel connections, critical fire protection and life safety
itens, [and comm ssioni ng of HVAC equi pnent whose conpatibility with the
entire systemnust be checked]. Wthin the terns of the Contract C ause
entitled "Specifications and Drawi ngs for Construction," such submttals
are considered to be "shop drawi ngs". The Contractor shall provide the
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CGovernment the nunber of copies, designated in paragraph "Submttal
Procedure", of all Designer of Record approved submttals. The Government
may review any or all Designer of Record approved subnittals for
conformance to the Solicitation and Accepted Proposal.

1.2.2 Gover nnment Revi ewed Design or Extension of Design
Admi ni strative Contracting Oficer reviewis required for all design.
Government review will be for conformance with the technical requirenents
of the solicitation and shall take place on all design submittals. Section
01021 covers the design submittal and review process in detail.

Government reviewed submttals (not to be confused with Gover nnent approved

submi ttals) include structural connections, life safety/fire protection and
ot her extension of design construction subnmttals, and HVAC equi pnment
conmi ssi oni ng where additional detail is being provided to define contract

conformity. Reviewis not required for submttals that offer no additional
details beyond that which is already shown on the construction docunents.
Construction docunents were already revi ewed and accepted in accordance
with Section 01021 DESI GN SUBM SSI ON REQUI REMENTS AFTER AWARD. Gover nirent
revi ew shall not renpove or replace design EOR design responsibility.

1.2.3 Gover nment Approved

Admi nistrative Contracting Oficer approval is required for any deviations
fromthe Solicitation, accepted proposal, or the accepted final design and
other itens as designated by the Contracting Oficer's Representative.
Wthin the terns of the Contract clause entitled "Specifications and

Drawi ngs for Construction," these submttals are considered to be "shop

dr awi ngs. "

1.2.4 Information Only

Al submittals not requiring Designer of Record approval will be for
information only. They are not considered to be "shop drawi ngs" within the
terms of the Contract C ause referred to above.

1.3 CONTRACTOR RESPONSI BI LI TY FOR GOVERNMENT REVI EVED OR GOVERNVENT
APPROVED SUBM TTALS

The Contracting Oficer's Representative conformance review or approval of
submittals shall not be construed as a conplete check, but will indicate
only that the design, general nethod of construction, nmaterials, detailing
and other information appear to neet the Solicitation and Accepted
Proposal . Government Review or approval will not relieve the Contractor of
the responsibility for any error which may exist, as the Contractor under
the Design and Contractor's Quality Control (CQC) requirenents of this
contract is responsible for design, dinensions, all design extensions, such
as the design of adequate connections and details, etc. and the

sati sfactory construction of all work. After submittals have been revi ewed
for conformance or approved, as applicable, by the Contracting Officer's
Representative, no resubmttal for the purpose of substituting materials or
equi pnment wi |l be considered unl ess acconpani ed by an expl anation of why a
substitution is necessary.
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1.4 DI SAPPROVED SUBM TTALS
The Contractor shall make all corrections required by the Contracting
Oficer and pronptly furnish a corrected submttal in the formand nunber
of copies specified for the initial submttal. |[If the Contractor considers
any correction indicated on the submttals to constitute a change to the
contract, a notice in accordance with the Contract C ause "Changes" shal
be given pronptly to the Contracting Oficer
1.5 WTHHOLDI NG OF PAYMENT

Paynment for materials incorporated in the work will not be made if required
approval s have not been obt ai ned.

PART 2 PRODUCTS (Not used)
PART 3  EXECUTI ON
3.1 DESIGN SUBM TTALS

The Contractor shall provide design docunents submittals in accordance with
Section 01021.

3.1.1 SUBM TTAL REQ STER ( ENG Form 4288)

The Designer of Record shall develop a conplete list of submittals during

design. The Designer of Record shall identify required submttals in the
specifications, and use the list to prepare the Submttal Register
The Iist nmay not be all inclusive and additional submittals may be required

by other parts of the contract. The Contractor is required to conplete the
submittal register and submt it to the Contracting O ficer for approval
within 30 cal endar days after Notice to Proceed. The approved subnitta
register will serve as a scheduling docunent for submittals and will be
used to control submittal actions throughout the contract period. The
submt dates and need dates used in the subnittal register shall be
coordinated with dates in the Contractor prepared progress schedul e.
Updates to the subnittal register showing the Contractor action codes and
actual dates with Government action codes and actual dates shall be
submitted nonthly or until all submittals have been satisfactorily

conpl eted. When the progress schedule is revised, the submttal register
shal |l al so be revised and both submitted for approval.

3.1.2 Draft 1354

The DD Form 1354 Data Sheets contain a sunmmary of project information used
to transfer the facility to the owner agency. The data sheet is divided
into two parts; Facility and Features within the 5 foot |line and Features
outside the 5 foot line. The Contractor shall neet with Governnent
representatives (Construction Ofice Representative and installation
representative) at the start of design to get direction and exanple
docunments, on the format and content of the Draft DD Form 1354. The draft
formw |l be prepared as part of the final design docunents and revi ened by
the Governnent. The Contractor will then revise the formto reflect the
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conments received. At tine of construction conpletion, the Draft DD Form
1354 will be updated by the Contractor to reflect as-constructed
information. The final formis then subnitted to the Governnent.

3.2 CONSTRUCTI ON SUBM TTALS
3.2.1 GENERAL

The Contractor shall make submittals as required by the specifications.
The Contracting Officer's Representative may require subnmittals in addition
to those specified when deened necessary to adequately describe the work
covered in the respective sections. Units of weights and neasures used on
all subnittals shall be the sane as those used in the contract draw ngs.
Each submttal shall be conplete and in sufficient detail to all ow ready
determ nati on of conpliance with contract requirenments. See Section 00800,
"AS- BUI LT DOCUMENTS FOR DESI GN BU LD PROJIECTS', for electronic submitta
requi renent for sone shop drawi ngs and other submittals. Prior to
submittal, the Contractor's Quality Control (CQC) representative, and the
Desi gner of Record, as applicable, shall check, approve and stanp, sign
and date each item indicating action taken. Proposed deviations fromthe
contract requirenments shall be clearly identified. Submttals shal
include itens such as: Contractor's, manufacturer's, or fabricator's
drawi ngs; descriptive literature including (but not Iinmted to) catal og
cuts, diagrans, operating charts or curves; test reports; test cylinders;
sanpl es; O&M manual s (including parts list); certifications; warranties;
and other such required submittals. Submittals requiring Governnent
approval shall be schedul ed and made prior to the acquisition of the
mat eri al or equi pment covered thereby. Sanples renmining upon conpletion
of the work shall be picked up and di sposed of in accordance with
manufacturer's Material Safety Data Sheets (MsSDS) and in conpliance with
exi sting laws and regul ati ons.

3.2.2 Schedul i ng

Submittals covering conponent itens formng a systemor itens that are
interrelated shall be scheduled to be coordi nated and submitted
concurrently. Certifications to be submtted with the pertinent draw ngs
shal |l be so schedul ed. Adequate tine (a mninmumof 30 cal endar days
exclusive of mailing tinme) shall be allowed and shown on the register for
revi ew and approval. No delay damages or tine extensions will be all owed
for tine lost in late submttals.

3.2.3 Transmittal Form (ENG FORM 4025)
The sanple transmittal form (ENG Form 4025) attached at the end of Section

00800 shall be used for submitting both Governnent approved and infornmation
only submittals in accordance with the instructions on the reverse side of

the form These blank forms [will be furnished to the Contractor] [are
included in the QCS software that the Contractor is required to use for
this contract.] This formshall be properly conpleted by filling out all

t he headi ng bl ank spaces and identifying each itemsubmtted. Special care
shal | be exercised to ensure proper listing of the specification paragraph
and/ or sheet nunber of the contract drawi ngs pertinent to the data

subm tted for each item
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3.2. 4 Subm ttal Procedure
Submittals shall be nmade as foll ows:

The Contractor shall submit to the Contracting Officer three (3) copies of
all subnittals of itens requiring shop i nspection and one (1) copy of al
other submittals as called for under the various headi ngs of these

speci fications.

3.2.4.1 Pr ocedur es

Detailed submittal procedures will be further discussed with the Contractor
at the pre-construction conference.

3.2.4.2 Devi ati ons

For submittals which include proposed deviations requested by the
Contractor, the colum "variation" of ENG Form 4025 shall be checked. The
Contractor shall set forth in witing the reason for any devi ati ons and
annotate such deviations on the subnmttal. As stated above, the
Contractor's Designer of Record's approval is required for any proposed
deviation. The Governnent reserves the right to rescind inadvertent
approval of subnittals containing unnoted deviations.

3.2.5 Control of Submittals

The Contractor shall carefully control his procurement operations to ensure
t hat each individual submittal is nade on or before the Contractor
schedul ed submittal date shown on the approved "Subnittal Register" so the
materi al needed date is not threatened.

3.2.6 Gover nment Confornance Revi ew and Approved Subnittals

Upon conpl etion of review of submttals requiring Government approval, the
submittals will be identified as having received approval by being so
stanped and dated. One copy of the submittal will be retained by the
Contracting Oficer's Representative and two copies of the submttal will
be returned to the Contractor. If the Governnent perforns a confornmance
revi ew of other Designer of Record approved subnittals, the submttals wll
be so identified and returned, as described above.

3.2.7 Information Only Subnmittals

The Contractor is responsible for preparing and retaining two copies of al
FI O submittals in a pair of "Government" files at the Contractor's field

office. One copy of the FIO submittals will be used for historical record
and transferred to the custoner upon conpletion of the project. The second
copy will be used for Quality Assurance reviews, but may be retained at the

Governnment's field office at the discretion of the Quality Assurance
Representative. Both files shall be mmintained in good order and filed by
specification section

A mni mum of 30 days in advance of the Approval Needed By date (Subnmitta
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Regi ster, ENG Form 4288, Contractor Schedule Dates, Item"t") the
contractor shall subnmit only the transnmittal form (ENG Form 4025-R) to the
Government. The required submttal infornmation shall be conplete and
avail able for review at the Contractor's field office. Governnent
personnel will performdiscretionary Quality Assurance reviews of the
submittals as necessary to satisfy the Governnent that the Contractor's
Quality Control systemis providing the specified level of quality.
Submittals that contain both Governnent Approval and Information Only itens
shal | be processed as Governnent Approved Submittals. Subnmittals that do
not nmeet the contract requirements will be assigned an "FX' action code by
the Contracting Officer, and the submttal deficiencies will be forwarded
to the Contractor. The Contractor shall resubmt for Governnent Approval
and in accordance wth Paragraph 1.4.

Approval of the Contracting Officer is not required on information only
submttals. The Governnent reserves the right to require the Contractor to
resubnit any itemfound not to conply with the contract. This does not
relieve the Contractor fromthe obligation to furnish material conform ng
to the plans and specifications; will not prevent the Contracting Oficer
fromrequiring renoval and replacerment of nonconfornming nateria

i ncorporated in the work; and does not relieve the Contractor of the
requirenent to furnish sanples for testing by the Governnment |aboratory or
for check testing by the Government in those instances where the technica
specifications so prescribe.

3.2.8  STAWPS

Stanps used by the Contractor's Designer of Record and the Contractor's
designated Quality Control person on the submttal data to certify that the
submi ttal neets contract requirenents shall be sinmlar to the follow ng
(use two stanps for submttals reviewed by both):

CONTRACTOR
(Fi rm Nane)

Approved
Approved with corrections as noted on

submi ttal data and/or sheet(s).

SI GNATURE:
TI TLE: (DESI GNER OF RECORD)
DATE:

-- End of Section --

-- End of Section --
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2.11.1.3 Nonaver agi ng Air-Duct Thernoneters
2.11.1.4 Averaging A r-Duct Thernoneters
2.11. 1.5 Accur acy
2.11.2 Pressure Gauges
2.11.2.1 Pneurmati ¢ Actuator Gauges
2.11.2.2 Air Storage Tank and Filter and Dryer Gauge
2.11.2.3 Hydroni ¢ Syst em Gauges
2.11.3 Low Differential Pressure Gauges
2.12 CONTRCOL DEVI CES AND ACCESSORI ES
2.12.1 Rel ays
2.12.2 Current to Pneumatic (IP) Transducers
2.12.3 Joul e or Watthour Meters
2.12. 4 Joul e or Watthour Meters with Denand Regi ster
2.12.5 Joul e or Watthour Transducers
2.12.6 Current Sensing Rel ays
2.12. 7 Power - Li ne Conditioners (PLC)
2.13 COVPRESSED Al R STATI ONS
2.13.1 Air Conpressor Assenbly
2.13.2 Conpressed Air Station Specialties
2.13.2.1 Refrigerated Dryer, Filters and, Pressure Regul ator
2.13.2.2 Fl exi bl e Pi pe Connecti ons
2.13.2.3 Vibration Isolation Units
2.13.2. 4 Conpressed Air Piping
2.14 DI RECT DI G TAL CONTROL (DDC) HARDWARE
2.14.1 Net wor k Control Pane
2.14.1.1 Integral Features
2.14.1.2 Comuni cation Interfaces
2.14.1.3 Menory and Real Tine Cock (RTC) Backup
2.14.1. 4 Dupl ex Qutl et
2.14.1.5 Locki ng Encl osures
2.14.1.6 Fai |l ure Mode
2.14.2 R U
2.14. Integral Features

2.1
2.14.2.2 Dupl ex Qutl et
2.3 Locki ng Encl osures
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14.2. 4 Fai |l ure Mode

3 Uni versal Programmabl e Controller (UPQC)
14.3.1 Integral Features
14.3.2 Comuni cation Interfaces
14. 3.3 Menory and RTC Backup
14.3. 4 Speci fic Requirenents
14. 3.5 Locki ng Encl osures
14.3.6 Fai |l ure Mode

4 Unitary Controller
14.4.1 Integral Features
14. 4.2 Comuni cation Interfaces
14. 4.3 Speci fic Requirenents
14.4. 4 Fai |l ure Mode

5 Chiller Control Pane

6 Boi | er Control Panel

7 I /O Functions
14.7.1 DDC Hardware |/ 0O Functions
14.7.2 Fai |l ure Mode

8 Portabl e Workstati on/ Tester

9 Central Workstation/ Tester

10 Data Term nal Cabi net (DTC)

DDC SOFTWARE

1 Qperating System
15.1.1 Startup
15.1.2 Qper ati ng Mode
15.1.3 Fai |l ure Mode

2 Functi ons

15.2.1 Anal og Monitoring

15.2.2 Logic (Virtual) Points

15.2.3 State Vari abl es

15.2.4  Analog Totalization

15.2.5 Energy Totalization

15.2.6 Trendi ng

3 I/ O Poi nt Database/Paraneter Definition
4  Alarm Processing

15.4.1 Digital Alarms Definition

15.4.2 Anal og Alarns Definition

15.4.3 Pul se Accurnul ator Al arnms Definition
5 Constraints

15.5.1 Equi pnent Constraints Definitions
15.5.2 Constrai nts Checks

6 Di aghosti cs

7 Sunmer - Wnter Operation Monitoring

8 Control Sequences and Control Loops

9 Command Priorities

10 Resi dent Application Software
15.10.1 Program I nputs and Qut puts
15.10.2 DDC General Conditions

15.10.3 Schedul ed Start/ Stop Program
15.10.4 Optinmum Start/ Stop Program
15.10.5 Day- Ni ght Set back Program
15.10.6 Econoni zer Program |

15.10.7 Ventil ation/Recircul ati on and Flush Prograns
15.10.8 Hot Deck/ Col d Deck Tenperature Reset Program

SECTI ON 15951A Page 4

AO3R0005



Ful ly Contained Small Arns Range, WPAFB A03R0005
Amendnent 4

PART 3

W W W wwwwwwwnNwWwwweR

WWWWWw®wWWWwNDNDNDNDND
NNNMNNNNNEOONOORWN R

W W W ww
W W W wwwwwwww

NNDNDNNNNNNNNNNDDNDDN

N N

.15.1
.15.1
.15.1
.15.1
.15.1
.15.1
.15.1
.15.1
.15.1
.15.1
.15.1
.15.1
.15.1
.15.1
.15.1

0.9 Reheat Coil Reset Program

0.10 Heating and Ventilating Unit Program

0.11 Air Vol une Control Program

0.12 Air Distribution Unitary Controller Software
0.13 Chiller Selection Program

0.14  Absorption Chiller Efficiency and Mnitoring Program
0. 15 Chilled Water Tenperature Reset Program

0.16 Condenser Water Tenperature Reset Program
0.17 Chiller Demand Limt Program

0.18 Hot Water QA Reset Program

0.19 Boi |l er Monitoring and Control

0. 20 Heat Recovery Boiler Efficiency and Mnitoring
0.21 Hot Water Distribution Program

0. 22 Donesti c Hot Water GCenerator Program

0.23 Li ghting Control Program

EXECUTI ON

GENERAL | NSTALLATI ON CRI TERI A

1
2
3
4

HVAC Control System
Software Installation
Devi ce Mounting Criteria
Wring Criteria

CONTRCL SYSTEM | NSTALLATI ON

. 10.
. 10.
. 10.
. 10.
. 10.
. 10.
. 10.

Danper Actuators

Local Gauges for Actuators

Room | nstrunent Mounti ng

Freezestats

Aver agi ng Tenperature Sensing El enents

Foundati ons and Housekeepi ng Pads

Conpressed Air Stations

Duct Static Pressure Sensing Elenents and Transnitters

I ndication Devices Installed in Piping and Liquid Systens
Tubi ng

Control SystemlInstallation

Pneurmatic Lines In Mechanical/Electrical Spaces
Pneurmati c Li nes External To Mechani cal /El ectrical Spaces
Connection to Liquid and Steam Li nes

Connection to Ductwork

Tubing in Concrete

Fi nal Connection to Actuators

~NOoO o~ WN PP

CONTROL SEQUENCES OF OPERATI ON

N N

1
3
3
3
3
2
.3
4
5
6
7
. 3.

7.

CGeneral Requirenents - HVAC Systens

.1 Supply Fan Operating

.2 Supply Fan Not Operating

.3 Hydronic Heating - Distribution Punp Qperating

.4 Hydronic Heating - Distribution Punp Not Operating

Peri meter Radiation Control Sequence

Unit Heater and Cabinet Unit Heater

Gas-Fired Infrared Heater

All-Air Small Package Unitary System

Dual Tenperature Fan-Coil Unit

Central Plant Hydronic Heating with Steam Hot Water Converter
1 Al'l Modes
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9.
9.

Cccupi ed Mode
Unoccupi ed Mode

Singl e Building Hydronic Heating with Hot Water Boiler

Al'l Modes
Cccupi ed Mode
Unoccupi ed Mode

Central Plant Hi gh-Tenperature Hot-Water Hydroni c Heati ng

Al'l Modes
Cccupi ed Mode

9. Unoccupi ed Mode

0 Central Plant Dual - Tenperature Hydronic

.3.10.1 Heati ng Mode

.3.10.2 Cool i ng Mode

.11 Central Plant Hi gh-Tenperature Hot \Water Dual - Tenperature
Hydr oni ¢

.3.11.1 Heati ng Mode

.3.11.2 Cool i ng Mode

.12 Si ngl e Buil di ng Dual - Tenper at ure Hydronic

.3.12.1 Heati ng Mode

.3.12.2 Cool i ng Mode

.13 Heating and Ventilating Unit

3.13.1 Cccupi ed, Unoccupied, and Ventil ation Delay Qperating Mdes
3.13.2 Qutside Air, Return Air, and Relief Air Danpers
3.13.3 Supply Fan Control

3.13.4 Filter

3.13.5 Freeze Protection

3.13.6 Space Tenperature Control

3.13.7 Enmer gency Fan Shut down

.14 Mul ti zone with Return Fan

.3.14.1 Cccupi ed, Unoccupi ed, and Ventil ati on Del ay Mddes of
Qper ati on

3.14.2 Qutside Air, Return Air, and Relief Air Danpers
3.14.3 Supply Fan and Return Fan Control

3.14. 4 Filter

3.14.5 Hot - Deck Heati ng Coi

3.14.6 Freeze Protection

3.14.7 Col d- Deck Coi

3.14.8 Econom zer Control

3.14.9 M xed Air Tenperature Contro

3.14. 10 Zone Danper Control

3.14.11 Enmer gency Fan Shut down

15 Dual - Duct Multizone with Return Fan

.3.15.1 Cccupi ed, Unoccupi ed, and Ventil ati on Del ay Mddes of
Qper ati on

3.15.2 Qutside Air, Return Air, and Relief Air Danpers
3.15.3 Supply Fan and Return Fan Control

3.15.4 Filter

3.15.5 Hot - Deck Heati ng Coi

3.15.6 Freeze Protection

3.15. 7 Col d- Deck Cool i ng Coi

3.15.8 Econom zer Control

3.15.9 M xed Air Tenperature Contro

3.15.10 Dual - Duct Ter m nal Box

3.15.11 Enmer gency Fan Shut down
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16 Bypass Multizone with Return Fan
3.16.1 Cccupi ed, Unoccupi ed, and Ventil ati on Del ay Mddes of
Qper ati on
3.16.2 Qutside Air, Return Air, and Relief air Danpers
3.16.3 Supply Fan and Return Fan Control
3.16.4 Filter
3.16.5 Freeze Protection
3.16.6 Col d Deck Coil
3.16.7 Econom zer Control
3.16.8 M xed Air Tenperature Control
3.16.9 Zone Control
3.16.10 Enmer gency Fan Shut down
17 Variable Air Volune Control Sequence wi thout Return Fan
.3.17.1 Cccupi ed, Unoccupi ed, and Ventil ati on Del ay Mddes of
Qper ati on
3.17.2 Supply Fan Control
3.17.3 Supply Duct Pressurization Control
3.17. 4 Filters
3.17.5 Freeze Protection
3.17.6 Cool i ng Coi l
3.17.7 M ni mum Qut side Air Fl ow Control
3.17.8 Econoni zer and M xed Air Tenperature Control
3.17.9 Pressure | ndependent Ternminal VAV Box with Velocity
Controller
.3.17.10 Fan Powered Term nal VAV Box
.3.17. 11 Enmer gency Fan Shut down
.18 Variabl e Air Volune Control Sequence with Return Fan
.3.18.1 Cccupi ed, Unoccupi ed, and Ventil ati on Del ay Mddes of
Qper ati on
3.18.2 Fan Control
3.18.3 Supply Duct Pressurization Control
3.18.4 Ret urn Fan Vol une Contr ol
3.18.5 Filters
3.18.6 Freeze Protection
3.18.7 Cooling Coil Control
3.18.8 M ni mum Qut side Air Fl ow Control
3.18.9 Econoni zer and M xed Air Tenperature Control
3.18.10 Pressure | ndependent Terninal VAV Box with Velocity
Controller
.3.18.11 Fan Powered Term nal VAV Box
.3.18.12 Enmer gency Fan Shut down
.19 Singl e Zone with Hydronic Heating/ Cooling Coils No Return Fan
.3.19.1 Cccupi ed, Unoccupi ed, and Ventil ati on Del ay Mddes of
Qper ati on
3.19.2 Qutside Air, Return Air, and Relief Air Danpers
3.19.3 Supply Fan Control
3.19.4 Filter
3.19.5 Freeze Protection
3.19.6 Hydr oni ¢ Cool i ng Coi l
3.19.7 Econom zer Control
3.19.8 Space Tenperature Sequenced Heating and Cooling Control
3.19.9 Enmer gency Fan Shut down
20 Singl e Zone with Dual - Tenperature Coil; No Return Fan
3.20.1 Cccupi ed, Unoccupi ed, and Ventil ati on Del ay Mddes of
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Qper ati on
3.3.20.2 Qutside Air, Return Air, and Relief Air Danpers
3.3.20.3 Supply Fan Control
3.3.20.4 Filter
3.3.20.5 Freeze Protection
3.3.20.6 Dual - Tenperature Coil Changeover Control
3.3.20.7 Econom zer Control
3.3.20.8 Space Tenperature Sequenced Heating Control
3.3.20.9 Space Tenperature Sequenced Cooling Control
3.3.20.10 Enmer gency Fan Shut down
3.3.21 Singl e Zone Control with Humidity Control; No Return Fan
3.3.21.1 Cccupi ed, Unoccupi ed, and Ventil ati on Del ay Mddes of
Qper ati on
3.3.21.2 Qut side Air Danper
3.3.21.3 Supply Fan Control
3.3.21. 4 Filter
3.3.21.5 Qutside Air Preheat-Coil Control
3.3.21.6 Freeze Protection
3.3.21.7 Cool i ng Coi
3.3.21.8 Hum dity Contro
3.3.21.9 Const ant Tenperature Hydronic Heating Contro
3.3.21.10 Reheat
3.3.21.11 Enmer gency Fan Shut down
3.3.22 Si ngl e Zone Hydronic Heating and Direct Expansion Cooling Coi
3.3.22.1 Cccupi ed, Unoccupi ed, and Ventil ati on Del ay Mdes
3.3.22.2 Qutside Air, Return Air, and Relief Air Danpers
3.3.22.3 Supply Fan Control
3.3.22. 4 Filter
3.3.22.5 Freeze Protection
3.3.22.6 Di rect Expansion Cooling Coi
3.3.22. 7 Econom zer Control
3.3.22.8 Space Tenperature Sequenced Heating and Cooling Control
3.3.22.9 Enmer gency Fan Shut down

3.4 COW SSI ONl NG PROCEDURES

3.4.1 Eval uati ons
3.4.1.1 It em Check
3.4.1.2 Weat her Dependent Test Procedures
3.4.1.3 Two- Poi nt Accuracy Check
3.4.1.4 Insertion and | mersion Tenperatures
3.4.1.5 Aver agi ng Tenperature
3.4.2 Space Tenperature Control |l ed Perineter Radiation
3.4.3 Unit Heater and Cabinet Unit Heater
3.4.4 Gas-Fired Infrared Heater
3.4.5 All-Air Small Packaged Unitary
3.4.6 Fan Coil Unit
3.4.7 Central Plant Hydronic Heating with Steam Hot Water Converter
3.4.8 Singl e Building Hydronic Heating with Hot Water Boiler
3.4.9 Central Plant Hi gh Tenperature Hot Water Hydronic Heating
3.4.10 Central Plant Dual Tenperature Hydronic
3.4.11 Central Plant Hi gh Tenperature Hot Water Dual Tenperature
Hydr oni ¢
3.4.12 Si ngl e Buil ding Dual Tenperature Hydronic
3.4.13 Heating and Ventilating Unit
3.4.14 Mul tizone Control Systemwith Return Fan
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15
16
17
18
19
Fan
20
21
22
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Dual -Duct Multizone Control Systemw th Return Fan

Bypass Multizone with Return Fan

Variable Air Volune Control System- Wthout Return Fan
Variable Air Volune Control System- Wth Return Fan

Singl e Zone with Hydronic Heating and Cooling Coils; No Return

Single Zone with Dual Tenperature Coil; No Return Fan
Single Zone with Humi dification; No Return Fan
Singl e Zone with Hydronic Heating Direct Expansion Cooling

BALANCI NG, COWM SSI ONI NG, AND TESTI NG

Coordi nation with HYAC System Bal anci ng

Control System Calibration, Adjustnents, and Comm ssi oni ng
Per f ormance Verification Test

Endur ance Test

Post ed and Panel Instructions

RAI NI NG

Trai ni ng Course Requirenents
Trai ni ng Course Content

-- End of Section Table of Contents --
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SECTI ON 15951A

DI RECT DI G TAL CONTROL FOR HVAC
12/ 01

PART 1 GENERAL

1.

1 REFERENCES

The publications listed below forma part of this specification to the
extent referenced. The publications are referred to in the text by basic
desi gnation only.

Al R MOVEMENT AND CONTROL ASSOCI ATI ON ( AMCA)

AMCA 500 (11989; Rev994) Test Methods for Louvers,
Danpers and Shutters

AMERI CAN NATI ONAL STANDARDS | NSTI TUTE (ANSI )
ANSI Cl12.1 (1995) Code for Electricity Metering

AMERI CAN SOCI ETY FOR TESTI NG AND MATERI ALS (ASTM

ASTM A 269 (1996) Seanl ess and Wl ded Austenitic
Stainl ess Steel Tubing for General Service

ASTM B 88 (1996) Seanl ess Copper Water Tube

ASTM B 88M (1996) Seanl ess Copper Water Tube (Metric)

ASTM D 1693 (1997a) Environnental Stress-Cracking of

Et hyl ene Pl astics
ASTM D 635 (1997) Rate of Burning and/or Extent and

Ti me of Burning of Self-Supporting
Plastics in a Horizontal Position

ASME | NTERNATI ONAL ( ASME)

ASME B16. 34 (199; B16.34a) Valves - Flanged, Threaded,
and Wl di ng End

ASME B40. 1 (1991) Gauges - Pressure Indicating D a
Type - Elastic El enent

ASME BPVC SEC VI D1 (1998) Boiler and Pressure Vessel Code;
Section VIIIl, Pressure Vessels Division 1

- Basi c Coverage

ELECTRONI C | NDUSTRI ES ALLI ANCE (EI A)
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El A ANSI/ EI A/ TI A- 232-F (1991) Interface Between Data Techni cal
Equi prent and Data Circuit-Term nating
Equi pnent Enpl oyi ng Serial Binary Data
I nt er change
| NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENJ NEERS (| EEE)

| EEE C62. 41 (1991; R 1995) Surge Voltages in
Low Vol tage AC Power Circuits

| EEE Std 142 (1991) | EEE Recommended Practice for
Groundi ng of Industrial and Commerci al
Power Systens
| NSTRUMENT SOCI ETY OF AMERI CA (I SA)
| SA S7.0.01 (1996) Quality Standard for Instrunment Ar

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

NEMVA 250 (1991) Enclosures for Electrical Equipnent
(1000 Vol ts Maxi nmum

NEMA I CS 1 (1993) Industrial Control and Systens

NEMVA ST 1 (1988) Specialty Transfornmers (Except

Cener al - Pur pose Type)
NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)
NFPA 70 (1999) National Electrical Code

NFPA 90A (1996) Installation of Air Conditioning
and Ventil ating Systens

UNDERWRI TERS LABCRATORI ES (UL)
UL 268A (1998) Snoke Detectors for Duct Application

UL 508 (1993; Rev thru Cct 1997) Industrial
Control Equi pnent

UL 555S (1996) Leakage Rated Danpers for Use in
Snoke Control Systens

UL 94 (1996; Rev thru Jul 1998) Tests for
Flanmability of Plastic Materials for
Parts in Devices and Appliances
1.2  CGENERAL REQUI REMENTS
The direct digital control (DDC) shall be a conplete systemsuitable for

the heating, ventilating and air-conditioning (H/AC) system
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1

1

2.1 Narmepl ates, Lens Caps, and Tags

Nanepl ates and | ens caps bearing | egends as shown and tags bearing

devi ce-uni que identifiers as shown shall have engraved or stanped
characters. A plastic or netal tag shall be mechanically attached directly
to each device or attached by a netal chain or wire. Each airflow

nmeasur enent station shall have a tag showing flow rate range for signal

out put range, duct size, and identifier as shown.

.2.2 Verification of D nensions

After becoming famliar with all details of the work, the Contractor shal
verify all dinensions in the field, and shall advise the Contracting
O ficer of any discrepancy before performng any work.

. 2.3 Dr awi ngs

Because of the small scale of the drawings, it is not possible to indicate
all offsets, fittings, and accessories that may be required. The
Contractor shall carefully investigate the nechanical, electrical, and
finish conditions that could affect the work to be perforned, shall arrange
such work accordingly, and shall furnish all work necessary to neet such
condi tions.

. 2.4 Power - Li ne Surge Protection

Equi pnent connected to ac circuits shall be protected from power-Iine
surges. Equi pnent protection shall neet the requirenents of | EEE C62. 41.
Fuses shall not be used for surge protection

. 2.5 Surge Protection for Transmitter and Control Wring

DDC system control - panel equi pent shall be protected agai nst surges

i nduced on control and transmitter wiring installed outside and as shown.
The equi pnent protection shall be tested in the normal node and in the
conmon node, using the follow ng two waveforns:

a. A 10-mcrosecond by 1,000-m crosecond waveformw th a peak voltage
of 1,500 volts and a peak current of 60 anperes.

b. An eight nicrosecond by 20-m crosecond waveformw th a peak
vol tage of 1,000 volts and a peak current of 500 anperes.

.2.6 System Overall Reliability Requirenent

The system shall be configured and installed to yield a nean tinme between
failure (MIBF) of at |east 40,000 hours. Each DDC controller shall be
desi gned, configured, installed and programmed to provide for stand al one
operation with mnimal performance degradation on failure of other system
conponents to which it is connected or with which it conmunicates.

2.7 DDC System Network Accessibility
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Where the systens to be controlled by the DDC systemare |located in
nul ti pl e mechani cal roons, each nechanical roomshall have at |east one
conmuni cation port for the portable workstation/tester. DDC controllers
shall be located in the same room as the equi pment being controlled or in
an adj acent space which has direct access to the equi pnent room

1.2.8 System Accuracy and Di spl ay
The system shall nmaintain an end-to-end accuracy for one year from sensor
to operator's console display for the applications specified and shal
di splay the value as specified. Each tenmperature shall be displayed and
printed to nearest 0.1 degree F

1.2.8.1 Space Tenperature
Space tenperature with a range of 50 to 85 degrees F plus or nmnus 0.75
degree F for conditioned space; 30 to 130 degrees F plus or mnus 1
degree F for unconditioned space.

1.2.8.2 Duct Tenperature

Duct tenperature with a range of 40 to 140 degrees F plus or mnus 2
degrees F.

1.2.8.3 Qutside Air Tenperature
Qutside air (OA) tenperature with a range of mnus 30 to plus 130 degrees F
plus or mnus 2 degrees F; with a subrange of 30 to 100 degrees F plus
or mnus 1 degree F.
1.2.8.4 Wat er Tenperature
Water tenperature with a range of 30 to 100 degrees F plus or mnus 0.75
degree F; the range of 100 to 250 degrees F plus or minus 2 degrees F
and water tenperatures for the purpose of performing Btu calculations
using differential tenperatures to plus or mnus 0.5 degree F using
mat ched sensors.

1.2.8.5 H gh Tenperature

Hi gh tenperature with a range of 200 to 500 degrees F plus or mnus 2.0
degrees F.

1.2.8.6 Rel ative Hum dity

Rel ative humdity, within a range of 20 to 80 percent, plus or mnus 6.0
percent of range (display and print to nearest 1.0 percent).

1.2.8.7 Pressure

Pressure with a range for the specific application plus or mnus 2.0
percent of range (display and print to nearest psi.)

1.2.8.8 FIl ow
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Flow with a range for the specific application plus or mnus 3.0 percent of
range, and flows for the purpose of thernmal calculations to plus or mnus
2.0 percent of actual flow (display and print to nearest unit, such as

gal l ons per ninute).

1.2.8.9 Kwh and kW Demand

KWi and kWdenand with a range for the specific application plus or mnus
1.0 percent of reading (display and print to nearest kW or kW.

1.2.8.10 Anal og Val ue | nput

An anal og value input to the systenis equipnent via an Al with a nmaxi num
error of 0.50 percent of range, not including the sensor or transmtter
error. This accuracy shall be mmintained over the specified environnental
condi tions.

1.3 SUBM TTALS
CGovernment approval is required for submttals with a "G' designation;
submttals not having a "G' designation are for infornmation only. Wen
used, a designation following the "G' designation identifies the office
that will review the submittal for the Governnent. The follow ng shall be
subm tted in accordance with Section 01330 SUBM TTAL PROCEDURES:
SD- 02 Shop Drawi ngs

HVAC Control System [ 1. [ ]

Drawi ngs shall be on 34 by 22 inch sheets in the form and
arrangenent shown. The drawi ngs shall use the same abbreviations,
synbol s, nonenclature and identifiers shown. Each control system
el ement on a drawi ng shall have a unique identifier as shown. The
HVAC Control System Drawi ngs shall be delivered together as a
conplete subnittal. Deviations nmust be approved by the
Contracting O ficer. Drawings shall be subnmitted along with
Subnittal SD- 01, Data.

a. HVAC Control System Drawi ngs shall include the foll ow ng:

Sheet One: Drawi ng I ndex, HVAC Control System Legend.

Sheet Two: Val ve Schedul e, Danper Schedul e.

Sheet Three: Conpressed Air Station Schematic.

Sheet Four: Control System Schematic and Equi prrent Schedul e.

Sheet Five: Sequence of Operation and Data Ternminal Strip
Layout .

Sheet Six: Control Loop Wring Diagrans.
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Sheet Seven: Mtor Starter and Relay Wring D agram

Sheet Eight: Comunication Network and Bl ock Di agram

Sheet Nine: DDC Panel Installation and Bl ock Di agram
(Repeat Sheets Four through Seven for each AHU System)

b. The HVAC Control System Drawi ng I ndex shall show the nane
and nunber of the building, mlitary site, State or other sinmlar
designation, and Country. The Drawi ng |Index shall |ist HVAC
Control System Draw ngs, including the draw ng nunber, sheet
nunber, drawing title, and conputer fil enane when used. The HVAC
Control System Legend shall show generic synbols and the nane of
devi ces shown on the HVAC Control System Draw ngs.

c. The valve schedul e shall include each valve's unique
identifier, size, flow coefficient Cv, pressure drop at specified
flow rate, spring range, positive positioner range, actuator size,
cl ose-of f pressure data, dinensions, and access and cl earance
requirenents data. Valve schedules nay be submitted in advance
but shall be included in the conplete submttal

d. The danper schedul e shall contain each danper's and each
actuator's identifier, nomnal and actual sizes, orientation of
axis and frane, direction of blade rotation, spring ranges,
operation rate, positive positioner ranges, |ocations of actuators
and danper end switches, arrangenent of sections in nulti-section
danpers, and net hods of connecting danpers, actuators, and
I i nkages. The Danper Schedul e shall include the naxi num | eakage
rate at the operating static-pressure differential. The Danper
Schedul e shall contain actuator selection data supported by
calculations of the torque required to nove and seal the danpers
access and clearance requirenents. Danper schedul es may be
submitted in advance but shall be included in the conplete
subni ttal

e. The conpressed air station schematic di agram shall show al
equi pnent, including: conpressor with notor horsepower and
vol tage; starter; isolators; manual bypasses; tubing sizes; drain
pi ping and drain traps; reducing valves; dryer; and data on
manuf acturer's nanes and nodel nunbers, nounting, access, and
cl earance requirenents. Air Conpressor and air dryer data shal
i nclude cal cul ati ons of the air consunption of al
current-to-pneumati c transducers and of any other control system
devices to be connected to the conpressed air station, and the
conpressed air supply dewpoint tenperature at 20 psig.
Conpressed air station schematic drawi ngs shall be submtted for
each conpressed air station

f. The HVAC control system schematics shall be in the form
shown, and shall show all control and nechani cal devices
associated with the HVAC system A system schenatic draw ng shal
be submitted for each HVAC system
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g. The HVAC control system equi pnent Schedul e shall be in the
formshown. Al devices shown on the draw ngs havi ng uni que
identifiers shall be referenced in the equi pnent schedul e.
Information to be included in the equi pnent schedule shall be the
control | oop, device unique identifier, device function, setpoint,
i nput range, and additional inportant parameters (i.e., output
range). An equipnent schedul e shall be submitted for each HVAC
system

h. The HVAC control system sequence of operation shall reflect
the | anguage and fornmat of this specification, and shall refer to
the devices by their unique identifiers as showmn. No operationa
devi ations from specified sequences will be permtted w thout
prior witten approval of the Contracting Oficer. Sequences of
operation shall be submtted for each HVAC control system
i ncluding each type of termnal unit control system

i. The HVAC control systemw ring diagrans shall be functiona
wi ring diagrans which show the interconnection of conductors and
cables to HVAC control panel terminal blocks and to the identified
termnals of devices, starters and package equi pnent. The wring
di agrans shall show necessary junpers and ground connections. The
wi ring diagranms shall show the |labels of all conductors. Sources
of power required for HVAC control systens and for packaged
equi pnent control systens shall be identified back to the pane
board circuit breaker nunber, HVAC system control panel, nagnetic
starter, or packaged equi pnent control circuit. Each power supply
and transforner not integral to a controller, starter, or packaged
equi pnent shall be shown. The connected volt-anpere |oad and the
power supply volt-anpere rating shall be shown. Wring diagrans
shal | be subnitted for each HVAC control system

SD- 03 Product Data

Servi ce Organi zations; [ 1. [ ]

[Six] [ ] copies of a list of service organizations
qualified to service the HVAC control system The list shal
i nclude the service organi zati on nane, address, technical point of
contact and tel ephone nunber, and contractual point of contact and
t el ephone nunber.

Equi prent Conpl i ance Booklet; [ 1, [ ]

The HVAC Control System Equi pnent Conpliance Bookl et (ECB) shal
be in booklet formand indexed, with nunbered tabs separating the
i nfformati on on each device. |t shall consist of, but not be
limted to, data sheets and catal og cuts which docunent conpliance
of all devices and conponents with the specifications. The ECB
shal | be indexed in al phabetical order by the unique identifiers.
Devi ces and conponents which do not have unique identifiers shal
foll ow the devices and conponents with unique identifiers and
shal | be indexed in al phabetical order according to their
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functional nane. The ECB shall include a Bill of Mterials for
each HVAC Control System The Bill of Materials shall function as
the Table of Contents for the ECB and shall include the device's

uni que identifier, device function, nmanufacturer

nodel / part/cat al og nunber used for ordering, and tab nunber where
the device information is located in the ECB. The ECB shall be
submitted along with Submittal SD- 04, Draw ngs.

Conmi ssi oni ng Procedures; [ 1. [ ]

[Six] [ ] copies of the HVAC control system conmi ssioning
procedures, in booklet form and i ndexed, 60 days prior to the
schedul ed start of conm ssioning. Comm ssioning procedures shal
be provided for each HVAC control system and for each type of
termnal unit control system The Conm ssioning procedures shal
reflect the format and | anguage of this specification, and refer
to devices by their unique identifiers as shown. The
Conmi ssi oni ng procedures shall be specific for each HVAC system
and shall give detailed step-by-step procedures for conmi ssioning
of the systen

a. The Conmi ssioning procedures shall include detail ed, product
specific set-up procedures, configuration procedures, adjustnent
procedures, and calibration procedures for each device. Were the
detai |l ed product specific conm ssioning procedures are included in
manuf acturer supplied manuals, reference may be nade in the HVAC
control system conmi ssioning procedures to the nmanuals.

b. An HVAC control system conm ssioning procedures equi pnent
list shall be included that |ists the equipnent to be used to
acconpl i sh conmmi ssioning. The list shall include nmanufacturer
nane, nodel nunber, equipnent function, the date of the |atest
calibration, and the results of the latest calibration

Performance Verification Test Procedures; [ 1, [ ]

[Six] [ ] copies of the HVAC Control System Perfornmance
Verification Test Procedures, in booklet formand i ndexed, 60 days
before the Contractor's schedul ed test dates. The perfornance
verification test procedures shall refer to the devices by their
uni que identifiers as shown, shall explain, step-by-step, the
actions and expected results that will denonstrate that the HVAC
control systemperforns in accordance with the sequences of
operation, and other contract docunents. An HVAC control system
performance verification test equipnment list shall be included
that lists the equipnent to be used during perfornance
verification testing. The list shall include nmanufacturer nane,
nodel nunber, equi pnent function, the date of the | atest
calibration, and the results of the latest calibration

Training; | 1, [ ]

An outline for the HVAC control systemtraining course with a
proposed tinme schedule. Approval of the planned training schedule
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shal | be obtained fromthe Governnent at least [60] [__
prior to the start of the training. [Six] [___ ] copies of HVAC
control systemtraining course material 30 days prior to the
schedul ed start of the training course. The training course
materi al shall include the operation nanual, naintenance and
repai r manual, and paper copi es of overheads used in the course.

SD- 06 Test Reports

Conmi ssi oni ng Report; | 1. [ ]

[Six] [ ] copies of the HVAC Control System Conmi ssi oning
Report, in booklet formand i ndexed, within 30 days after
conpl etion of the system conmi ssioning. The conmi ssioning report
shal | include data collected during the HVAC control system
conmi ssi oni ng procedures and shall follow the format of the
conmi ssi oni ng procedures. The conmi ssioning report shall include
all configuration checksheets with final values listed for all
paraneters, setpoints, P, |, D setting constants, calibration data
for all devices, results of adjustnents, and results of testing.

Performance Verification Test; | 1, [ ]

[Six] [ ] copies of the HVAC Control System Perfornmance
Verification Test Report, in booklet formand i ndexed, within 30
days after conpletion of the test. The HVAC control system
perfornmance verification test report shall include data collected
during the HVAC control system performance verification test. The
original copies of all data gathered during the perfornance
verification test shall be turned over to the Governnent after
Gover nnent approval of the test results.

SD-07 Certificates

Air Storage Tank; [ 1. I ]

An ASME Air Storage Tank Certificate for each storage tank.

SD- 10 Operation and Mai ntenance Data

Qper ati on Manual ; [ 1, [ ]
Mai nt enance and Repair Manual ; [ 1. [ ]
[Six] [ ] copies of the [ HVAC Control System Operation

Manual ] [and] [HVAC Control System Maintenance and Repair Manual],
for each HVAC control system 30 days before the date schedul ed
for the training course.

4 DELI VERY AND STORAGE
Products shall be stored with protection fromthe weather, humdity and
tenperature variations, dirt and dust, and other contam nants, within the

storage condition limts published by the equi prent manufacturer. Danpers
shall be stored so that seal integrity, blade alignment and frane alignnent
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are nmmi nt ai ned.

.5 OPERATI ON VANUAL

An HVAC control system operation manual in indexed booklet formshall be
provi ded for each HVAC control system The operation manual shall include
t he HVAC control system sequence of operation, and procedures for the HVAC
system start-up, operation and shut-down. The operation manual shal

i nclude as-built HVAC control systemdetail drawi ngs. The operation nmanual
shall include the as-built configuration checksheets, the procedures for
changi ng HVAC control system setpoints, and the procedures for placing HVAC
systemcontrollers in the manual control node.

a. The procedures for changi ng HVAC control system setpoints shal
descri be the step-by-step procedures required to change the process
vari abl e setpoints, the alarmsetpoints, the bias settings, and set point
reset schedul es.

b. The procedures for placing HVAC system controllers in the manual
control node shall describe step-by-step procedures required to obtain
manual control of each controlled device and to manual |y adjust their
posi tions.

.6 MAI NTENANCE AND REPAI R VANUAL

An HVAC control system mai ntenance and repair manual in i ndexed bookl et
formin hardback binders shall be provided for each HVAC control system
The mai ntenance and repair nanual shall include the routine maintenance
checklist, a recomended repair nmethods list, a list of recommended

mai nt enance and repair tools, the qualified service organization list, the
as-built comm ssioning procedures and report, the as-built performance
verification test procedures and report, and the as-built equi pnent data
bookl et .

a. The routine maintenance checklist shall be arranged in a col umar
format. The first colum shall list all devices listed in the equi prent
conpl i ance bookl et, the second colum shall state the naintenance activity
or state no nmaintenance required, the third colum shall state the
frequency of the maintenance activity, and the fourth colum for additiona
comments or reference.

b. The recomended repair nmethods list shall be arranged in a
columar fornmat and shall list all devices in the equi pnment data conpliance
bookl et and state the gui dance on recomended repair nethods, either field
repair, factory repair, or whole-itemrepl acenent.

c. The as-built equipnent data booklet shall include the equi prent
conpl i ance bookl et and manufacturer supplied user manuals and i nfornmation.

d. If the operation nmanual and the maintenance and repair nanual are
provided in a comron volunme, they shall be clearly differentiated and
separatel y i ndexed.

7 MAI NTENANCE AND SERVI CE
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Services, materials and equi pment shall be provided as necessary to
maintain the entire systemin an operational state as specified for a
peri od of one year after successful conpletion and acceptance of the
Performance Verification Test. |Inpacts on facility operations shall be
m ni m zed.
1.7.1 Description of Wirk
The adjustnent and repair of the systemshall include the manufacturer's
requi red adjustnents of conputer equipnment, software updates, transm ssion
equi pnrent and i nstrunentati on and control devices.
1.7.2 Per sonne
Service personnel shall be qualified to acconplish work pronptly and
satisfactorily. The Governnent shall be advised in witing of the nane of
t he desi gnated service representative, and of any changes in personnel
1.7.3 Schedul ed | nspections
Two inspections shall be perfornmed at six-nmonth intervals and all work
required shall be perforned. |Inspections shall be scheduled in [June and
Decenber] | ]. These inspections shall include:
a. Visual checks and operational tests of equipment.

b. Fan checks and filter changes for control system equi pnent.

c. Cean control system equipnent including interior and exterior
surf aces.

d. Check and calibrate each field device. Check and calibrate 50
percent of the total analog points during the first inspection. Check and
calibrate the remai ning 50 percent of the anal og points during the second
maj or i nspection. Certify analog test instrunentation accuracy to be tw ce
that of the device being calibrated. Randomy check at |east 25 percent of
all digital points for proper operation during the first inspection
Randomy check at |east 25 percent of the renmaining digital points during
t he second inspection.

e. Run system software diagnostics and correct diagnosed probl ens.
f. Resolve any previous outstandi ng probl ens.
1.7.4 Schedul ed Wor k

This work shall be performed during regul ar working hours, Mnday through
Friday, excluding |egal holidays.

1.7.5 Ener gency Service
The Governnent will initiate service calls when the systemis not

functioning properly. Qualified personnel shall be available to provide
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service to the system A tel ephone nunber where the service supervisor can
be reached at all tines shall be provided. Service personnel shall be at
the site within 24 hours after receiving a request for service. The
control systemshall be restored to proper operating condition within three
cal endar days after receiving a request for service.

1.7.6 Qperation

Schedul ed adj ustnents and repairs shall include verification of the control
system operation as denonstrated by the applicable tests of the perfornmance
verification test.

1.7.7 Records and Logs

Dated records and | ogs shall be kept of each task, with cumnul ative records
for each najor conponent, and for the conplete systemchronologically. A
continuous log shall be maintained for all devices. The |log shall contain
initial anal og span and zero calibration values and digital points.

Conpl ete | ogs shall be kept and shall be available for inspection onsite,
denonstrating that planned and systematic adjustnents and repairs have been
acconpl i shed for the control system

1.7.8 Work Requests

Each service call request shall be recorded as received and shall include
the serial number identifying the conponent involved, its |ocation, date
and tine the call was received, nature of trouble, names of the service
personnel assigned to the task, instructions describing what has to be
done, the anpbunt and nature of the naterials to be used, the tine and date
work started, and the tine and date of conmpletion. A record of the work
perfornmed shall be submitted within 5 days after work i s acconpli shed.

1.7.9 System Modi fications

Recomendati ons for system nodification shall be subnmitted in witing. No
system nodi fi cations, including operating paraneters and control settings,
shal | be nade wi thout prior approval of the Governnent. Any nodifications
made to the systemshall be incorporated into the operations and

mai nt enance nanual s, and ot her docunentation affected.

1.7.10 Sof t war e

Updates to the software shall be provided for system operating and
application software, and operation in the systemshall be verified.
Updates shall be incorporated into operations and mai ntenance nanual s, and
software documentation. There shall be at |east one schedul ed update near
the end of the first year's warranty period, at which tine the | atest

rel eased version of the Contractor's software shall be installed and
val i dat ed

1.8 FACTORY TESTI NG

The Contractor shall assenble the factory test DDC system as specified and
shall performtest to denobnstrate that the performance of the system
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satisfies the requirements of this specification. Mdel nunbers of

equi pnment tested shall be identical to those to be delivered to the site.
Oiginal copies of data produced, including results of each test procedure
during factory testing shall be delivered to the Governnent at the
conclusion of testing, prior to Governnent approval of the test. The test
results docunentation shall be arranged so that conmands, responses, and
data acquired are correlated in a manner which will allow for |ogical
interpretation of the data.

. 8.1 Factory Test Setup

The factory test setup shall include the follow ng:
a. Central workstation/tester
b. Printer.
c. DDC test set.
d. Portable workstation/tester.
e. Comunication |inks of each type and speed i ncl udi ng MODEMs.
f. D al-up MODEM

g. Software.

PART 2 PRODUCTS

2.

2.

1 GENERAL EQUI PMENT REQUI REMENTS

Units of the sane type of equipnent shall be products of a single

manuf acturer. Each major conponent of equi pnent shall have the

manuf acturer's name and address, and the nodel and serial nunber in a
conspi cuous place. Materials and equi pnent shall be standard products of a
manuf acturer regularly engaged in the manufacturing of such products, which
are of a simlar material, design and workmanshi p. The standard products
shal | have been in a satisfactory commercial or industrial use for two
years prior to use on this project. The two years' use shall include
applications of equipnent and naterials under simlar circunstances and of
simlar size. The two years' experience shall be satisfactorily conpl eted
by a product which has been sold or is offered for sale on the conmercia
mar ket through advertisenents, nanufacturers' catal ogs, or brochures.
Products having |l ess than a two-year field service record will be
acceptable if a certified record of satisfactory field operation, for not

| ess than 6,000 hours exclusive of the nmanufacturer's factory tests, can be
shown. The equi pnent itens shall be supported by a service organization

Itens of the same type and purpose shall be identical, including equipnrent,
assenblies, parts and components. Autonmmtic tenperature controls shall be
direct digital controls that will provide the required sequence of
operation.

1.1 El ectrical and El ectronic Devices
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El ectrical, electronic, and el ectropneunatic devices not |ocated within a
DDC panel shall have a NEMA ICS 1 encl osure in accordance with NEVA 250
unl ess ot herwi se shown.

2.1.2 Standard Signals

Except for air distribution ternminal unit control equi pment, the output of
all analog transmitters and the anal og i nput and out put of all DDC
controllers shall be 4-to0-20 mAdc signals. The signal shall originate from
current-sourci ng devices and shall be received by current-sinking devices.

2.1.3 Anbi ent Tenperature Limts

DDC panel s shall have anbient condition ratings of 35 to 120 degrees F and
10 to 95 percent relative humdity, noncondensing. Devices installed
outdoors shall operate within limt ratings of mnus 35 to plus 150
degrees F. Instrumentation and control elenents shall be rated for

conti nuous operation under the anmbient environnental tenperature, pressure,
hum dity, and vibration conditions specified or normally encountered for
the installed I ocation.

2.1. 4 Year 2000 Conpliance

Al'l equi pnment and software shall be Year 2000 conpliant and shall be able
to accurately process date/time data (including, but not linted to,

cal cul ati ng, conparing, and sequencing) from into, and between the
twentieth and twenty-first centuries, including | eap year cal cul ati ons,
when used in accordance with the product docunentation provided by the
contractor, provided that all products (e.g. hardware, software, firmare)
used in conbination with other infornmation technology, shall accurately
process date/tine data if other information technol ogy properly exchanges
date/tinme data with it

2.2 TUBI NG
2.2.1 Copper

Copper tubing shall conformto ASTM B 88, ASTM B 88M and shall have sweat
fittings and val ves.

2.2.2 St ai nl ess St ee

Stainl ess steel tubing shall conformto ASTM A 269 and shal|l have stainless
steel conpression fittings.

2.2.3 Pl astic

Pl astic tubing shall have barbed fittings and valves. Plastic tubing shal
have the burning characteristics of linear |owdensity polyethyl ene tubing,
shal | be sel f-extinguishing when tested in accordance with ASTM D 635,

shall have UL 94 V-2 flammability classification, and shall withstand
stress cracking when tested in accordance with ASTM D 1693. Pl astic-tubing
bundl es shall be provided with Mylar barrier and fl ane-retardant

pol yet hyl ene j acket.

SECTI ON 15951A Page 23



Ful ly Contained Small Arns Range, WPAFB A03R0005
Amendnent 4

2.3 W RI NG
2.3.1 Term nal Bl ocks

Term nal bl ocks shall be insul ated, nodul ar, feed-through, clanp style with
recessed captive screwtype clanping nechanism shall be suitable for rai
nounti ng, and shall have end plates and partition plates for separation or
shal | have encl osed si des.

2.3.2 Control Wring for 24-Volt Circuits

Control wiring for 24-volt circuits shall be 18 AWG mi ni num stranded
copper and shall be rated for 300-volt service.

2.3.3 Wring for 120-Volt Circuits

Wring for 120-volt circuits shall be 18 AW ni ni mum stranded copper and
shall be rated for 600-volt service

2.3.4 I nstrunent ati on Cabl e

Instrunmentation cable shall be 18 AWG stranded copper, single- or
nmultiple-twisted, minimum 2 inch lay of twi st, 100 percent shiel ded pairs,
and shall have a 300-volt insulation. Each pair shall have a 20 AWG

ti nned-copper drain wire and individual overall pair insulation. Cables
shal | have an overall al um num pol yester or tinned-copper cable-shield
tape, overall 20 AWG tinned-copper cable drain wire, and overall cable

i nsul ati on.

2.3.5 Transforners

Step down transformers shall be utilized where control equi pnment operates
at lower than line circuit voltage. Transformers, other than transforners
in bridge circuits, shall have prinaries wound for the voltage avail able
and secondaries wound for the correct control circuit voltage. Transforner
shal |l be sized so that the connected load is 80 percent of the rated
capacity or less. Transfornmers shall conformto UL 508 and NEMA ST 1.

2.4  ACTUATORS

Actuators shall be [pneunatic] [electric or electronic] as shown and shal
be provided with mounting and connecting hardware. Electric or electronic
actuators shall be used for variable air volunme (VAV) air termnal units.
Actuators shall fail to their spring-return positions on signal or power
failure [,except that VAV terminal unit actuators may be of the floating
type]. The actuator stroke shall be limted in the direction of power
stroke by an adjustable stop. Actuators shall have a visible position
indicator. Actuators shall snmpothly open or close the devices to which
they are applied and shall have a full stroke response tinme of 90 seconds
or less. Electric actuators shall have an oil-i mersed gear train
Electric or electronic actuators operating in series shall have an
auxiliary actuator driver. Electric or electronic actuators used in
sequenci ng applications shall have an adjustabl e operating range and start

SECTI ON 15951A Page 24



Ful ly Contained Small Arns Range, WPAFB A03R0005
Amendnent 4

point. Pneumatic actuators shall be rated for 25 psig operating pressure
except for high-pressure cylinder-type actuators.

2.4.1 Val ve Actuators

Val ve actuators shall be selected to provide a m ni mum of 125 percent of
the notive power necessary to operate the valve over its full range of
operation.

2.4.2 Posi ti ve Positioners

Positive positioners are required for pneumatic actuators. Each positive
positioner shall be a pneunatic relay with a nechani cal feedback nechani sm
and an adj ustabl e operating range and starting point.

2.5 AUTOVATI C CONTRCOL VALVES

Val ves shal |l have stainless-steel stens and stuffing boxes with extended
necks to clear the piping insulation. Unless otherw se stated, valves
shal | have gl obe style bodies. Valve bodies shall be designed for not |ess
than 125 psig working pressure or 150 percent of the system operating
pressure, whichever is greater. Valve |eakage rating shall be 0.01 percent
of rated Cv. Unless otherw se specified, bodies for valves 1-1/2 inches
and smal l er shall be brass or bronze, with threaded or union ends; bodies
for 2 inch valves shall have threaded ends; and bodies for valves 2 to 3
i nches shall be of brass, bronze or iron. Bodies for valves 2-1/2 inches
and | arger shall be provided with flanged-end connections. Valve Cv shal
be within 100 to 125 percent of the Cv shown.

2.5.1 Butterfly Val ve Assenbly
Butterfly val ves shall be threaded |ug type suitable for dead-end service
and nodul ation to the fully-closed position, with carbon-steel bodies and
noncorrosive discs, stainless steel shafts supported by bearings, and EPDM
seats suitable for tenperatures from mnus 20 to plus 250 degrees F
Val ves shall have a manual neans of operation i ndependent of the actuator

The rated Cv for butterfly valves shall be the value Cv at 70% open (60
degrees open).

2.5.2 Two- Wy Val ves
Two-way nodul ati ng val ves shall have equal - percentage characteristics.
2.5.3 Thr ee- Wy Val ves

Three-way val ves shall provide linear flow control with constant total flow
t hroughout full plug travel.

2.5.4 Duct-Coil and Terminal -Unit-Coil Valves
Control valves with either flare-type or solder-type ends shall be provided

for duct or termnal-unit coils. Flare nuts shall be furnished for each
flare-type end val ve.
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2.5.5 Valves for Chilled-Water, Condenser-Water, and dycol Service

Internal valve trimshall be bronze except that valve stenms may be type 316
stainless steel. Valve Cv shall be within 100 to 125 percent of the Cv
shown. Valves 4 inches and |arger shall be butterfly.

2.5.6 Val ves for Hot-Water and Dual Tenperature Service

For hot water service bel ow 250 degrees F and dual -tenperature servi ce,
internal trim(including seats, seat rings, nodulating plugs, and springs)
of valves controlling water hotter than 210 degrees F shall be Type 316
stainless steel. Internal trimfor valves controlling water 210 degrees F
or less shall be brass or bronze. Nonnetallic parts of hot-water control
val ves shall be suitable for a mnimum conti nuous operating tenperature of
250 degrees F or 50 degrees F above the system design tenperature,

whi chever is higher. Valves 4 inches and |arger shall be butterfly val ves.

2.5.7 Val ves for Steam Service

Bodi es for valves 4 inches and larger shall be iron. Internal valve trim
shal |l be Type 316 stainless steel. Valve Cv shall be not |ess than shown
nor greater than the Cv of the manufacturer's next |arger size.

2.5.8 Valves for High-Tenperature Hot-Water Service

For high-tenperature hot water service above 250 Degrees F, val ve bodies
shall be rated ANSI C ass 300, as specified in ASME B16.34. Val ve and
actuator conbi nation shall be nornally closed. Bodies shall be carbon
steel, globe type with welded ends on valves 1 inch and |arger. Valves
snaller than 1 inch shall have socket-weld ends. Packing shall be virgin
pol ytetrafl uoroethyl ene (PTFE). Internal valve trimshall be Type 316
stainless steel. Valve Cv shall be within 100 to 125 percent of the Cv
shown.

2.6 DAMPERS
2.6.1 Danmper Assenbly

A single danper section shall have blades no | onger than 48 inches and
shal |l be no higher than 72 inches. WMaxi mum danper blade width shall be 8
i nches. Larger sizes shall be nade from a conbinati on of sections.

Danpers shall be steel, or other materials where shown. Flat bl ades shal
be made rigid by folding the edges. Bl ade-operating |inkages shall be
within the frame so that bl ade-connecting devices within the sane danper
section shall not be located directly in the air stream Danper axles
shall be 0.5 inch mninum plated steel rods supported in the danper frane
by stainless steel or bronze bearings. Blades nounted vertically shall be
supported by thrust bearings. Pressure drop through danpers shall not
exceed 0.04 inch water gauge at 1,000 feet per minute in the w de-open
position. Franes shall not be less than 2 inches in width. Danpers shal
be tested in accordance with AMCA 500.

2.6.2 Qperating Links
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Operating |inks external to danpers, such as crankarns, connecting rods,
and |line shafting for transmtting notion from danper actuators to danpers,
shall withstand a |oad equal to at |east twi ce the nmaxi num required
danper-operating force. Rod |lengths shall be adjustable. Links shall be
brass, bronze, zinc-coated steel, or stainless steel. W rking parts of
joints and cl evises shall be brass, bronze, or stainless steel

Adj ust ments of crankarns shall control the open and cl osed positions of
danpers.

2.6.3 Danper Types
Danpers shall be parallel-blade type.
2.6.3.1 Qutside Air, Return Air, and Relief Ar Danpers

Qutside air, return air and relief air danpers shall be provi ded where
shown. Bl ades shall have interlocking edges and shall be provided with
conpressi bl e seals at points of contact. The channel frames of the danpers
shall be provided with janb seals to minimze air | eakage. Danpers shal

not leak in excess of 20 cfmper square foot at 4 inches water gauge
static pressure when closed. Seals shall be suitable for an operating
tenperature range of ninus 40 to plus 200 degrees F. Danpers shall be
rated at not less than 2,000 feet per mnute air velocity.

2.6.3.2 Mechani cal and El ectrical Space Ventil ation Danpers

Mechani cal and el ectrical space ventilation danpers shall be as shown.
Danpers shall not leak in excess of 80 cfmsquare foot at 4 inches water

gauge static pressure when closed. Danpers shall be rated at not |ess than
1,500 feet per mnute air velocity.

2.6.3.3 Snoke Danpers

Snoke- danper and actuator assenbly required per NFPA 90A shall neet the
Class Il | eakage requirements of UL 555S. Danpers shall be rated at not
| ess than 2000 fpmair velocity.

2.6.4 Danmper End Swit ches

Each end switch shall be a hernetically sealed switch with a trip | ever and
over-travel nechanism The switch enclosure shall be suitable for nounting
on the duct exterior and shall permt setting the position of the trip

| ever that actuates the switch. The trip |lever shall be aligned with the
danper bl ade.

2.7 SMOKE DETECTORS

Duct snoke detectors shall be provided in supply and return air ducts in
accordance with NFPA 90A. Duct snoke detectors shall conformto the

requi renents of UL 268A. Duct snpke detectors shall have perforated

sanpl ing tubes extended into the air duct. Detector circuitry shall be
nounted in a netallic enclosure exterior to the duct. [Detectors shal
have nanual reset.] Detectors shall be rated for air velocities that
include air flows between [500 and 4000] | ] fpm Detectors shall be
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powered fromthe [HVAC control panel.] [fire alarmcontrol panel (FACP).]
Detectors shall have two sets of nornmally open alarmcontacts and two sets
of normally closed alarmcontacts. [Detectors shall be connected to the
building fire alarmpanel for alarminitiation.] A renpte annunciation
| anp and accessible renpte reset switch shall be provided for duct
detectors that are nmounted eight feet or nore above the finished floor and
for detectors that are not readily visible. Renpte |anps and switches as
well as the affected fan units shall be properly identified in etched rigid
pl astic placards.

2.8 | NSTRUMENTATI ON

2.8.1 Measur enent s

Transmitters shall be calibrated to provide the foll owi ng neasurenents,
over the indicated ranges, for an output of 4 to 20 mAdc:

a. Conditioned space tenperature, from 50 to 85 degrees F.

b. Duct tenperature, from 40 to 140 degrees F.

c. Hi gh-tenmperature hot-water tenperature, from 200 to 500 degrees F.
d. Chilled-water tenperature, from 30 to 100 degrees F.

e. Dual-temperature water, from 30 to 240 degrees F.

f. Heating hot-water tenperature, from 50 to 250 degrees F.

g. Condenser-water tenperature, from 30 to 130 degrees F.

h. Qutside-air tenperature, from mnus 30 to 130 degrees F.

i. Relative humdity, 0 to 100 percent for space and duct high-limt
applications.

j. Differential pressure for VAV supply-duct static pressure from O
to 2.0 inches water gauge.

k. Pitot-tube air-flow neasurenent station and transmtter, from O
to 0.1 inch water gauge for flow velocities of 700 to 1200 fpm O to 0.25
i nch water gauge for velocities of 700 to 1800 fpm or 0 to 0.5 inch
wat er gauge for velocities of 700 to 2500 fpm

|. Electronic air-flow neasurenent station and transmtter, from 125
to 2500 fpm

2.8.2 Tenperature Instrunments
2.8.2.1 Resi st ance Tenperature Detectors (RTD)
Tenperature sensors shall be 100 ohns 3- or 4-wire RTD. Each RTD shall be

platinumwith a tolerance of 0.54 degrees F at 32 degrees F with a
tenperature coefficient of resistance (TCR) of .00214 ohns/ohn deg F and
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shal | be encapsul ated in epoxy, series 300 stainless steel, anodized
al um num or copper. Each RTD shall be furnished with an RTD transnitter
as specified, integrally nounted unl ess ot herw se shown.

2.8.2.2 Conti nuous Averagi ng RTD

Conti nuous averagi ng RTDs shall have a tolerance of plus or mnus 1.0
degree F at the reference tenperature, and shall be of sufficient length to
ensure that the resistance represents an average over the cross section in
which it is installed. The sensing elenent shall have a bendabl e copper
sheath. Each averagi ng RTD shall be furnished with an RTD transnitter to
mat ch the resistance range of the averagi ng RTD.

2.8.2.3 RTD Transnitter

The RTD transmitter shall match the resistance range of the RTD. The
transmtter shall be a two-wire, |oop powered device. The transmtter
shal | produce a linear 4-to-20 mAdc out put corresponding to the required
tenperature nmeasurenent. The output error shall not exceed 0.1 percent of
the calibrated nmeasurenent.

2.8.3 Rel ative Hunm dity Instrunents

Arelative-humdity instrunent for indoor application shall have a
nmeasurenent range fromO to 100 percent relative-humdity and be rated for
operation at anbient air tenperatures within the range of 25 to 130
degrees F. It shall be capable of being exposed to a condensing air stream
(100 percent RH) with no adverse effect to the sensor's calibration or
other harmto the instrument. The instrument shall be of the wall-nounted
or duct-nounted type, as required by the application, and shall be provided
with any required accessories. Instrunents used in duct high-limt
applications shall have a bul k polyner resistive sensing el enent.

Duct -nounted instrunents shall be provided with a duct probe designed to
protect the sensing elenent fromdust accumul ati on and nmechani cal damage.
The instrunment (sensing elenent and transmitter) shall be a two-wre,

| oop- power ed devi ce and shall have an accuracy of plus or mnus three
percent of full scale within the range of 20 to 80 percent relative

hum dity. The instrunent shall have a typical long-termstability of 1
percent or |less drift per year. The transmtter shall convert the sensing
element's output to a linear 4-20 nmAdc output signal in proportion to the
neasured relative-humdity value. The transmitter shall include offset and
span adj ustnents.

2.8.4 El ectronic Airfl ow Measurenent Stations and Transmitters
2.8.4.1 St ati ons

Each station shall consist of an array of velocity sensing el enents and an
air-flow straightener. Air-flow straightener shall be contained in a
flanged sheet netal or alum numcasing. The velocity sensing el enents
shall be of the RTD or thernistor type, producing a tenperature conpensated
output. The sensing elenments shall be distributed across the duct cross
section in the quantity and pattern specified by the published application
data of the station nanufacturer. The resistance to air flow through the
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ai rfl ow neasurenent station shall not exceed 0.08 inch water gauge at an

airflow of 2,000 fpm Station construction shall be suitable for

operation at airflows of up to 5,000 fpmover a tenperature range of 40

to 120 degrees F, and accuracy shall be plus or nminus three percent over a
range of 125 to 2,500 fpm In outside air neasurement or in

| ow-tenperature air delivery applications, the station shall be certified
by the manufacturer to be accurate as specified over a tenperature range of
mnus 20 to plus 120 degrees F. In outside air measurenent

applications,the air flow strai ghtener shall be constructed of 1/8 inch

al um num honeyconb and the depth of the straightener shall not be |ess than
1.5 inches.

2.8.4.2 Transnmitters

Each transmitter shall produce a linear, 4-to-20 mAdc, output correspondi ng
to the required velocity pressure neasurenent. The transmitter shall be a
two-wire, |oop powered device. The output error of the transmtter shal

not exceed 0.5 percent of the calibrated neasurenent.

2.8.5 Pitot Tube Airfl ow Measurenent Stations and Transmitters
2.8.5.1 St ati ons

Each station shall contain an array of velocity sensing el ements and

strai ghteni ng vanes inside a flanged sheet netal casing. The velocity
sensing elenents shall be of the multiple pitot tube type with averaging
mani fol ds. The sensing el enents shall be distributed across the duct cross
section in the quantity and pattern specified by the published installation
instructions of the station nmanufacturer. The resistance to air flow

t hrough the airflow neasurenent station shall not exceed 0.08 inch water
gauge at an airflow of 2,000 fpm Station construction shall be suitable
for operation at airflows of up to 5,000 fpmover a tenperature range of
40 to 120 degrees F, and accuracy shall be plus or minus three percent over
a range of 500 to 2,500 fpm This device will not be used if the required
vel ocity neasurenent is below 700 fpmor for outside airflow nmeasurenents.

2.8.5.2 Transnmitters

Each transmitter shall produce a |linear 4-to-20 mAdc out put correspondi ng
to the required velocity pressure nmeasurenment. FEach transmitter shall have
a lowrange differential pressure sensing elenment. The transmtter shal

be a two-wire, |oop powered device. Sensing elenent accuracy shall be plus
or mnus one percent of full scale, and overall transmitter accuracy shal
be plus or minus 0.25 percent of the calibrated measurenent.

2.8.6 Differential Pressure |Instrunments

The instrunent shall be a pressure transmitter with an integral sensing

el ement. The instrunent over pressure rating shall be 300 percent of the
operating pressure. The sensor/transmitter assenbly accuracy shall be plus
or minus two percent of full scale. The transmitter shall be a two-wre,

| oop- powered device. The transnitter shall produce a |linear 4-to-20 mAdc
out put corresponding to the required pressure neasuremnent.
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2.8.7 Ther mowel | s

Thernowel I s shall be Series 300 stainless steel with threaded brass plug
and chain, 2 inch |lagging neck and extension type well. |Inside dianeter
and insertion length shall be as required for the application

2.8.8 Sunshi el ds

Sunshi el ds for outside air tenperature sensing elenents shall prevent the
sun fromdirectly striking the tenperature sensing elenents. The
sunshi el ds shall be provided with adequate ventilation so that the sensing
el ement responds to the anbient tenperature of the surroundings. The top
of each sunshield shall have a gal vani zed netal rainshield projecting over
the face of the sunshield. The sunshields shall be painted white.

2.9 THERMOSTATS

Thernostat ranges shall be selected so that the setpoint is adjustable
wi t hout tools between plus or minus 10 degrees F of the setpoint shown.
Thernostats shall be electronic or electric.

2.9.1 Nonnodul ati ng Room Ther nostat s

Contacts shall be single-pole double-throw (SPDT), hernetically seal ed, and
wired to identified termnals. Maximumdifferential shall be 5 degrees F
Room t hermostats shall be enclosed with separate | ocking covers (guards).

2.9.2 M croprocessor Based Room Thernostats

M cr oprocessor based thernostats shall have built-in keypads for scheduling
of day and night tenperature settings. Wen out of the scheduling node,

t hernostats shall have continuous display of tinme, with AM and PM

i ndi cator, continuous display of day of week, and either continuous display
of roomtenperature with display of tenperature setpoint on demand, or

conti nuous display of tenmperature setpoint with display of roomtenperature
on demand. In the programmabl e node, the display shall be used for
interrogating time program ON-OFF setpoints for all seven days of the week.
The tine programshall allow two separate tenperature setback intervals
per day. The thernbstats shall have a neans for tenporary and nmanual
override of the program schedule, with automatic programrestorati on on the
followi ng day. Thernpstats shall have a replaceable battery to nmaintain
the timng and nmaintain the schedule in nenory for one year in the event of
a power outage. Maximumdifferential shall be 2 degrees F. Wen used for
heat punp applications, the thernostat shall have an energency heat switch

2.9.3 Modul ati ng Room Ther nost at s
Modul ati ng room thernostats shall have either one output signal, two output
signals operating in unison, or two output signals operating in sequence,
as required for the application. Each thernobstat shall have an adjustabl e
throttling range of 4 to 8 degrees F for each output. Roomthernpstats
shal | be encl osed with separate | ocking covers (guards).

2.9.4 Nonnodul ating Capillary Thernostats and Aquastats
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Each thernostat shall have a capillary length of at least 5 feet, shal
have adj ustable direct-reading scales for both setpoint and differential
and shall have a differential adjustable from 6 to 16 degrees F
Aquastats shall be of the strap on type, with 10 degrees F fixed
differential

2.9.5 Freezestats

Freezestats shall be manual reset, |low tenperature safety thernostats, with
NO and NC contacts and a 20 foot elenment which shall respond to the
col dest 18 inch segnent.

2.9.6 Modul ating Capillary Thernostats

Each t hernmostat shall have either one output signal, two output signals
operating in unison, or two output signals operating in sequence, as
required for the application. Thernostats shall have adjustable throttling
ranges of 4 to 8 degrees F for each output.

2.9.7 Fan-Coil Unit Room Thernpstats

Fan-coil unit thernbstats in personnel |iving spaces shall be of the | ow
voltage type with |l ocking covers. Electrical rating shall not exceed 2.5
anperes at 30 volts ac. Housing shall be corrosion resisting netal or

nol ded plastic. Transformer and fan relay shall be provided for the proper
operation of each thernostatic control system as necessary to suit the
design of the control systemusing the thernostats specified below. Either
separate heating thernostats and separate cooling thernpstats or dua

el ement heating cooling thernostats may be provided. Mdtor speed switches
shal |l be provided for three-speed fan control

2.9.7.1 Heat i ng Ther nost at

Fan-coil heating thernostats shall be provided with fixed heat anticipation
and shall have a single-pole, single-throw (SPST) switch hernetically
seal ed and actuated by a binetallic or bellows type elenent. Thernostats
shal |l be provided with external tenperature setting devices with a factory
set maxi mumof [72] [68] degrees F. Heating thernostats shall have an

adj ustabl e range of at |least 13 degrees below [72] [68] degrees F.

2.9.7.2 Cool i ng Ther nost at

Fan-coil cooling thernostats shall be provided with fixed cooling
anticipation heater and shall have a single-pole, single-throw (SPST)
switch hernetically sealed and actuated by a binmetallic or bellows type
el ement. Thernostats shall be provided with external tenperature setting
devices with a factory set minimumof 78 degrees F. Cooling thernostats
shal | have an adjustable range of at |east 7 degrees above 78 degrees F

2.9.7.3 Conbi nati on Ther nost at
Fan coil unit conbination heating-cooling thernostats shall be provided

with separate tenperature sensing el enents for each system and shall have
a single-pole, single-throw (SPST) switch, hernetically seal ed and actuated
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by a binetallic or bellows type elenment. Each elenent shall operate
switches to provide single stage control for heating and cooling. Scales
and ranges shall be as specified for individual thernpstats. Thernostats
shal |l contain, or a subbase shall be provided which contains, selector
switches for Heat-Of-Cool. A changeover controller providing automatic
summer -w nter changeover for thernpstats by sensing the supplied fluid
tenperature shall be provided. A linmted range heating-cooling dead band
thernostat shall control cooling when tenperature is above the upper

set point and heating when tenperature is below the | ower setpoint and shal
have a dead band, with no heating or cooling, when tenperature is between
the setpoints. Setpoint adjustment shall be conceal ed.

2.10 PRESSURE SW TCHES AND SOLENA D VALVES
2.10.1 Pressure Swi tches

Each switch shall have an adjustable setpoint with visible setpoint scale.
Range shall be as shown. Differential adjustnent shall span 20 to 40
percent of the range of the device.

2.10.2 Differential -Pressure Sw tches

Each switch shall be an adjustabl e di aphragm operated device with two SPDT
contacts, with taps for sensing lines to be connected to duct pressure
fittings designed to sense air pressure. These fittings shall be of the
angled-tip type with tips pointing into the air stream The setpoint shal
not be in the upper or |ower quarters of the range and the range shall not
be nore than three tinmes the setpoint. Differential shall be a maxi nrum of
0.15 inch water gauge at the low end of the range and 0.35 inch water gauge
at the high end of the range.

2.10.3 Pneunmatic Electric (PE) Sw tches
Each switch shall have an adjustable setpoint range of 3 to 20 psig with a
switching differential adjustable from 2 to 5 psig. The switch action
shal | be SPDT.

2.10.4 Sol enoi d- Operat ed Pneumatic (EP) Val ves
Each val ve shall have three-port operation: comron, normally open, and
normal Iy closed. Each valve shall have an outer cast al unm num body and
internal parts of brass, bronze, or stainless steel. The air connection
shall be a 3/8 inch NPT threaded connection. Valves shall be rated for
50 psig when used in a control systemthat operates at 25 psig or less, or

150 psig when used in a control systemthat operates in the range of 25

to 100 psig.

2.11 | NDI CATI NG DEVI CES

2.11.1 Ther monet er s

Mercury shall not be used in thernoneters.

2.11.1.1 Pi pi ng System Ther noneters
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Pi pi ng system thernoneters shall have brass, malleable iron or alum num
all oy case and frame, clear protective face, permanently stabilized gl ass
tube with indicating-fluid colum, white face, black nunmbers, and a 9 inch
scale. Thernoneters for piping systens shall have rigid stenms with
straight, angular, or inclined pattern

2.11.1.2 Pi pi ng System Ther noneter Stens
Ther nonet er stens shall have expansi on heads as required to prevent
breakage at extreme tenperatures. On rigid-stemthernoneters, the space
bet ween bulb and stemshall be filled with a heat-transfer medi um

2.11.1.3 Nonaver agi ng Air-Duct Thernoneters

Air-duct thernonmeters shall have perforated stem guards and 45-degree
adj ust abl e duct flanges with | ocking nechani sm

2.11.1. 4 Averagi ng Air-Duct Thernoneters

Averagi ng thernmoneters shall have a 3-1/2 inch (nomnal) dial, with black
| egend on white background, and pointer traveling through a 270-degree arc.

2.11.1.5 Accur acy

Thernoneters shall have an accuracy of plus or mnus one percent of scale
range. Thernoneters shall have a range suitable for the application

2.11.2 Pressure Gauges
Gauges shall be 2 inch (nominal) size, back connected, suitable for field
or panel nounting as required, shall have black | egend on white background,
and shall have a pointer traveling through a 270-degree arc. Accuracy
shal |l be plus or mnus three percent of scale range. Gauges shall neet
requi renents of ASME B40. 1.

2.11.2.1 Pneunati ¢ Actuator Gauges

Gauges for indicating signal output to pneumatic actuators shall have an
outer scale of 3 to 15 psig in 1 psig graduations.

2.11.2.2 Air Storage Tank and Filter and Dryer Gauge
Gauges for air storage tanks or for use before and after dirt and oi
filters or dryers, shall have a scale of 0 to 160 psig with 2 psig
graduat i ons.

2.11.2.3 Hydroni ¢ System Gauges

Gauges for hydronic system applications shall have ranges and graduati ons
as shown.

2.11.3 Low Differential Pressure Gauges
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Gauges for low differential pressure neasurenents shall be a m ni mrum of

3.5 inch (nonmnal) size with two sets of pressure taps, and shall have a

di aphragm actuated pointer, white dial with black figures, and pointer zero
adjustment. Gauges shall have ranges and graduati ons as shown. Accuracy
shall be plus or mnus two percent of scal e range.

2.12  CONTROL DEVI CES AND ACCESSORI ES
2.12.1 Rel ays

Control relay contacts shall have utilization category and ratings sel ected
for the application, with a mninumof tw sets of contacts (two normally
open, two nornmally closed) enclosed in a dustproof enclosure. Relays shal
be rated for a mnimumlife of one mllion operations. Operating tine
shall be 20 m|Iliseconds or |less. Relays shall be equi pped with coi

transi ent suppression devices to linmt transients to 150 percent of rated
coil voltage. Tine delay relays shall be 2PDT with ei ght-pin connectors,
dust cover, and a matching rail-munted socket. Adjustable tining range
shall be 0 to 5 minutes. Power consunption shall not be greater than three
watts.

2.12.2 Current to Pneumatic (IP) Transducers

The transducers shall be two-wire current-to-pressure transmtters that
convert a 4-to0-20 mAdc input signal toa 3 to 15 psig, or a 15 to 3 psig,
pneurmati c output, with a conversion accuracy of plus or mnus two percent
of full scale, including linearity and hysteresis. |nput inpedance shal
not exceed 250 ohms. Air consunption shall not be greater than 0.25 scfm

2.12.3 Joul e or Watthour Meters

Watt hour neters shall be in accordance with ANSI Cl2.1 and have pul se
initiators for rempte nmonitoring of Watthour consunption. Pulse initiator
shal |l consist of formC contacts with a current rating not to exceed two
anperes and voltage not to exceed 500 V, with conbinations of VA not to
exceed 100 VA, and a life rating of one billion operations. Mter sockets
shall be in accordance with ANSI Cl12.1.

2.12. 4 Joul e or Watthour Meters with Denand Register

Meters shall be in accordance with ANSI Cl12.1 and shall have pul se
initiators for remote nonitoring of Watthour consunption and instantaneous
demand. Pulse initiators shall consist of formC contacts with a current
rating not to exceed two anperes and voltage not to exceed 500 V, with
conbi nati ons of VA not to exceed 100 VA, and a life rating of one billion
operations. Meter sockets shall be in accordance with ANSI Cl2.1

2.12.5 Joul e or Watthour Transducers

WAt t hour transducers shall have an accuracy of plus or mnus 0.25 percent
for kWwand kW outputs fromfull lag to full |ead power factor. |[Input
ranges for kWand kW transducers shall be sel ectable w thout requiring
t he changing of current or potential transforners. The output shall be 4
to 20 nmAdc
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2.12.6 Current Sensing Rel ays

Current sensing relays shall provide a normally-open contact rated at a

m ni mum of 50 volts peak and 1/2 anpere or 25 VA, noninductive. There
shall be a single hole for passage of current carrying conductors. The
devi ces shall be sized for operation at 50 percent rated current based on
the connected |oad. Voltage isolation shall be a m ni numof 600 volts.

2.12. 7 Power - Li ne Conditioners (PLC)

Power line conditioners shall be furnished for each DDC panel. The PLCs
shal | provide both voltage regulation and noise rejection. The PLCs shal
be of the ferro-resonant design, with no noving parts and no tap sw tching,
while electrically isolating the secondary fromthe power-line side. The
PLCs shall be sized for 125 percent of the actual connected kVA | oad.
Characteristics of the PLC shall be as foll ows:

a. At 85 percent |oad, the output voltage shall not deviate by nore
than plus or mnus one percent of nominal when the input voltage fluctuates
bet ween m nus 20 percent to plus 10 percent of nom nal

b. During | oad changes of zero to full |oad, the output voltage shal
not deviate by nore than plus or mnus three percent of nominal voltage.
Ful |l correction of |oad switching disturbances shall be acconplished within
five cycles, and 95 percent correction shall be acconplished within two
cycles of the onset of the disturbance.

c. Total harnonic distortion shall not exceed 3-1/2 percent at ful
| oad.

2.13  COWPRESSED Al R STATI ONS
2.13.1 Ai r Conpressor Assenbly

The air conpressor shall be a high pressure conpressing unit with electric
notor. The conpressor shall be equipped with a notor with totally encl osed
belt guard, an operating-pressure switch, safety relief valves, gauges,
intake filter and intake silencer, and conbination type nmagnetic starter
wi t h undervol tage protection and thernal -overload protection for each
phase, and shall be supported by a steel base mounted on an air storage
tank. The air conpressor shall provide the conpressed air required for
control operation while operating not nore than one-third of the tinme. The
air storage tank shall be fabricated for a working pressure of not |ess
than 200 psig, and constructed and certified in accordance with ASME BPVC
SEC VIII D1. The tank shall be of sufficient volume so that no nore than
si X conpressor starts per hour are required with the starting pressure
switch differential set at 20 psig. The tank shall be provided with an
autonmatic condensate drain trap with manual override feature. A second
(dupl ex arrangenent) conpressor of capacity equal to the prinmary conpressor
shal |l be provided, with interlocked control to provide automatic changeover
upon nal function or failure of either conpressor. A manual selector switch
shal |l be provided to index the | ead conpressor including the automatic
changeover.
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2.13.2 Conpressed Air Station Specialties

2.13.2.1 Refrigerated Dryer, Filters and, Pressure Regul ator

A refrigerated dryer shall be provided in the air outlet line of the air
storage tank. The dryer shall be of the size required for the ful
delivery capacity of the conpressor. The air shall be dried at a pressure
of not less than 70 psig to a tenperature not greater than 35 degrees F
The dryer shall be provided with an autonatic condensate drain trap with
manual override feature. The refrigerant used in the dryer shall be one of
t he fluorocarbon gases and have an Ozone Depletion Potential of not nore
than 0.05. A five mcron prefilter and coal escing-type 0.03 m cron oi
renoval filter with shut-off valves shall be provided in the dryer

di scharge. Each filter bow shall be rated for 150 psig maxi mum wor ki ng
pressure. A pressure regulator, with high side and | ow side pressure
gauges, and a safety valve shall be provided downstream of the filter
Pressure regulators of the relieving type shall not be used.

.13.2.2 FI exi bl e Pi pe Connecti ons

The flexi bl e pipe connectors shall be designed for 150 psig and 250 degrees
F service, and shall be constructed of rubber, tetrafluoroethylene resin

or braided corrosion-resistant steel, bronze, nonel, or gal vani zed steel
The connectors shall be suitable for the service intended and nmay have

t hreaded or soldered ends. The length of the connectors shall be as
recommended by the manufacturer for the service intended.

.13.2.3 Vibration Isolation Units

The vibration isolation units shall be standard products w th published
| oadi ng ratings, and shall be single rubber-in-shear, double
rubber-in-shear, or spring type

.13.2. 4 Conpressed Air Piping

Control air delivered to the systemshall conformto ISA S7.0.01. Air
lines for pneunmatic controls shall be seanl ess copper tubing or nonnetallic
tubing. Air lines shall be conceal ed except in nechanical roons and other
areas where other tubing and piping is exposed. Air lines in exposed and
conceal ed | ocations, free standing or enclosed in the conduit or other
protective coverings, shall be run parallel to the building Iines and shal
be adequately supported fromthe building structure, at |least every 6 feet
hori zontally and every 8 feet vertically. Copper tubing shall be
hard-drawn i n exposed areas and either hard-drawn or anneal ed in conceal ed
areas. Only tool-made bends shall be used. Fittings for copper tubing
shal | be brass or copper solder joint type except at connections to
apparatus, where fittings shall be brass conpression type. Nonnetallic
tubi ng shall be conmpounded from pol yet hyl ene, neeting the stress crack test
of ASTM D 1693. Nonnetallic individual tube polyethylene or nultitube
i nstrunent tubing bundle shall be classified as flanme retardant under UL 94.
The pol yethyl ene material shall be rated as sel f-extingui shing when tested
in accordance with ASTM D 635. Nonnetallic tubing shall be run within
covered rigid netallic raceway, rigid conduit or electric nmetallic tubing
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except as indicated. Single nonnetallic tubing in a protective sheath, run
parallel to the building lines and supported as indicated above, nay be
used above accessible ceilings and in other conceal ed but accessible

| ocations. Air lines concealed in walls shall be hard-drawn copper tubing
or nonnmetallic tubing inrigid conduit. Termnal single Iines shall be
har d- drawn copper tubing, except when the run is less than 12 inches in

| ength, flexible polyethylene may be used. Nonnetallic tubing will not be
used for applications where the tubing could be subjected to a tenperature
exceeding 130 degrees F. Except in walls and exposed | ocati ons,

nonnmetal lic multitube instrunent tubing bundle w thout conduit or netallic
raceway protection, may be used where a nunber of air lines run to the sane
points, provided the nmultitube bundle is enclosed in a protective sheath,
is run parallel to the building lines and is adequately supported as

i ndi cated above. Air lines shall be tested periodically for |eaks during
installation. Air lines shall be purged of dirt, inpurities and noisture
before connecting to the control equiprment. Fittings for nonnetallic
tubing shall be for instrument service and nay be brass or acetal resin of
t he conpression or barbed push-on type. Air lines shall be nunber coded or
color coded and keyed to the submittal drawings for future identification
and servicing the control system

2.14 DI RECT DI G TAL CONTROL (DDC) HARDWARE

Al functions, constraints, data base paraneters, operator devel oped
prograns and any ot her data shall be downl oadable froma portable

wor kstation/tester [or the central workstation/tester] to network control
panels, RIU s, universal progranmable controllers, and unitary controllers.
Downl oad shal |l be acconplished through both the primary network and the

| ocal DDC portable workstation/tester port.

2.14.1 Net wor k Control Pane

Net wor k control panels shall be mcroconputer-based with sufficient nenory
provided to performall specified and shown network control panel functions
and operations, including spare capacity for all spares and its I/0O
functions specified. Each network control panel and renote [/O units (RIU)
shal |l have a mnimumof 10% of its I/O functions as spare capacity but not

| ess than 2 of each type used in each. The type of spares shall be in the
sanme proportion as the inplenented 1/0O functions on the panel, but in no
case shall there be I ess than two spare points of each type. The panel /0O
functions shall be furnished conplete, with no changes or additions
necessary to support inplenentation of spare functions. Qutput relays
associated with digital signals shall be considered part of the I/0O
function, whether physically nounted in the enclosure or separately
nounted. | nplenentation of spare points shall necessitate only providing
the additional field sensor or control device, field wring including
connection to the system and point definition assignment by the operator
using the central workstation/tester or portable workstation/tester. The
panel shall contain all necessary I/O functions to connect to field sensors
and control panels. 1/0O function operation shall be fully supervised to
detect 1/O function failures. Network control panels shall operate in an

i ndependent stand-al one node, which is defined as all network control pane
operations perforned by the network control panel w thout any continuing
input fromother Direct digital controls or portable workstation/tester
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The network control panel shall be capable of controlling a mx of at |east
32 RIUs, unitary controllers, and universal programable controllers.

2.14.1.1 I ntegral Features
The network control panel shall include:
a. Min power switch
b. Power on indicator.

c. Portable workstation/tester port, connector, and if necessary
power supply.

d. Manufacturers control network port.

e. On-Of-Auto switches for each DO which controls a device. These
switches shall be mounted in the field panel, with the exception of notors,
for which the switch shall be nobunted at the notor control center
On-OFf-Auto switches are not required for DO associated with a status or
alarm such as pilot lights. The status of these switches shall be
avai l able to the panel for further processing.

f. MninmmMxi nrum Auto switches, or Auto-Manual sw tches with manual
out put override, for each AO. The status of these shall be available to
t he panel for further processing.

g. An intrusion detection device, connected as an al arm
2.14.1.2 Communi cation Interfaces
The foll owi ng communi cation capabilities shall function sinultaneously.

a. Manufacturers Control Network. Manufacturers control network
conmuni cations interfaces for each data transm ssion systenms (DTS) circuit
bet ween network control panels and RIUs, unitary controllers, and universa
progranmmabl e controllers, shall be provided. Comunication interfaces
shal | be provided between each network control panel and associated 1/0
functions. The DTS will provide for transm ssi on speeds necessary to
conply with performance requirements specified. DTS equiprment shall be
installed in the network control panel enclosure.

b. Portable Wrkstation/ Tester Port. A comunications port for
interfacing to a portable workstation/tester shall be provided. Network
control panel workstation/tester port other than RS-232,shall be converted
to RS-232, including cabling and power supply, and shall be permanently
installed in the panel.

c. Prinmary Network Port. The network control panel shall either have
a built in primary network Port or be capable of accepting a prinmary
network port expansion card for future networking to a base wide utility
noni toring and control system (UMCS). The primary network port expansion
card shall be either Ethernet (I1EEE802.3) or ARCNET
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2.14.1.3 Menmory and Real Tine O ock (RTC) Backup

The network control panel nmenory and real time clock functions shal
continue to operate for a mininmumof 72 hours in the event of a power
failure. |If rechargeable batteries are provided, automatic chargi ng of
batteries shall be provided. Whenever a either a pernmanent

wor kst ation/tester or portable workstation/tester is nonitoring the network
control panel, a low battery al arm nessage shall be sent to it.

2.14.1. 4 Dupl ex CQutl et

A single phase, 120 Vac electrical service outlet for use with test
equi prent shall be furnished either inside or within 6 feet of the network
control panel enclosure.

2.14.1.5 Locki ng Encl osures

Locki ng type nounting cabinets with comobn keying shall be furnished for
each network control panel

2.14.1.6 Fai | ure Mode

Upon failure of the network control panel, either due to failure of the
network control panel hardware or of the manufacturers control network, the
network control panel shall revert to the failure node as shown.

a. Mnufacturers Control Network Failure: Upon failure of the
manuf acturers control network, the network control panel shall operate in
an i ndependent stand-al one node.

b. Network Control Panel Hardware Failure: Upon failure of the
network control panel hardware, the network control panel shall cease
operation and stop comunications with other network control panels, RIUs,
unitary controllers and universal programmable controllers connected to the
af fected network control panel. The affected network control panel shal
respond to this failure as specified and shown.

2.14.2 R U

The RIU shall be functionally a part of the network control panel as
specified, but may be renotely |l ocated fromthe network control panel and
conmuni cate over a dedi cated communication circuit. Wen renotely |ocated,
the 1/0O functions shall be subject to the same requirenents as for the
network control panel hardware. RIUs shall be used to connect renote

i nputs and outputs to a network control panel and shall contain al
necessary I/ O functions to connect to field sensors and control devices.
Rl U operation shall be fully supervised by the network control panel to
detect failures. Each RIU shall have a mnimmof 10 %of its I/0O
functions as spare capacity. The type of spares shall be in the sane
proportion as the inplenented I/0O functions on the RIU, but in no case
shall there be less than two spare points of each type. The R U shall be
furni shed conplete, with no changes or additions necessary to support

i mpl enentati on of spare functions. Qutput relays associated with digita
signals shall be considered part of the I/O function, whether physically
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nounted in the enclosure or separately nounted. |Inplenmentation of spare

points by others shall require only providing the additional field sensor

or control device, field wiring including connection to the system and

poi nt definition assignnent by the operator. The RIU shall either report

the status of all connected points on each scan, or report the status of

all points which have changed state or val ue since the previous scan
2.14.2.1 I ntegral Features

The RIU shall include:

a. Min power switch

b. Power on indicator.

c. Portable workstation/tester port, connector, and if necessary
power supply.

d. Manufacturers control network port.

e. On-Of-Auto switches for each DO which controls a device. These
switches shall be nmounted in the RIU, with the exception of nmotors, for
whi ch the switch shall be mounted at the notor control center. On-Of-Auto
switches are not required for DO associated with a status or alarm such as

pilot lights. The status of these switches shall be available to the RIU
for further processing.

f. MninmmMxi nrum Auto switches, or Auto-Manual sw tches with manual
out put override, for each AO. The status of these shall be available to
t he panel for further processing.

g. An intrusion detection device, connected as an al arm

2.14.2.2 Dupl ex CQutl et

A single phase, 120 Vac electrical service outlet for use with test
equi prent shall be furnished either inside or within 6 feet of the RIU

2.14.2.3 Locki ng Encl osures

Locki ng type nounting cabinets with comobn keying shall be furnished for
each Rl U

2.14.2. 4 Fai | ure Mode

Upon failure of the RIU, either due to failure of the RIU hardware or of
the DTS, the RIU shall revert to the failure nbde shown.

2.14.3 Uni versal Progranmmabl e Controller (UPC)
The universal progranmmable controller shall be a mcroprocessor based
control | er designed and progranmed to control and nmonitor systems as shown.

Resi dent prograns shall be contained in reprogramabl e nonvol atil e nenory.
Each uni versal programmable controller shall contain necessary power

SECTI ON 15951A Page 41



Ful ly Contained Small Arns Range, WPAFB A03R0005
Amendnent 4

supplies, transformers, nenmory, |/O functions and comunications interfaces
necessary to performits required functions and to provide control and

noni toring of connected equi pmrent and devices. It shall contain al
necessary |/ O functions to connect to field sensors and controls. [/0O
operation shall be fully supervised to detect 1/O function failures. It

shal | provide for operation as a device connected to the systemvia the
manuf acturers control network.

2.14.3.1 I ntegral Features
The universal progranmable controller shall include as a m ni num
a. Min power switch
b. Power on indicator.

c. Portable workstation/tester port, connector, and if necessary
power supply.

d. Manufacturers control network port.

e. 1/0 functions
(1) 8 D
(2) 4 DO
(3) 8 A
(4 4 AO
(5) 1 PA

f. On-Of-Auto switches for each DO which controls a device. These
swi tches shall be nmounted in the universal progranmable controller, with
t he exception of notors, for which the switch shall be mounted at the notor
control center. On-Of-Auto switches are not required for DO associ at ed
with a status or alarmsuch as pilot lights. The status of these switches
shal |l be available to the panel for further processing.

g. M nimum Maxi num Auto switches, or Auto-Manual switches with nmanual
out put override, for each AOL The status of these shall be available to
t he panel for further processing.

2.14.3.2 Conmuni cati on I nterfaces

The UPC shall have the follow ng conmunication capabilities which shal
function sinultaneously.

a. Manufacturers Control Network. The manufacturers control network
conmuni cations interface for a data transnission systens (DTS) circuit
bet ween the UPC and a network control panels shall be provided. The DTS
will provide for transm ssion speeds necessary to conply with perfornance
requi renents specified. DTS equi pment shall be installed in the UPC Pane
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encl osur e.

b. Portable Wrkstation/ Tester Port. A comunications port for
interfacing to a portable workstation/tester shall be provided. A UPC
wor kst ation/tester port other than RS-232, shall be converted to RS-232,

i ncludi ng cabling and power supply, and shall be permanently installed in
t he panel

2.14.3.3 Menmory and RTC Backup

The UPC nmenory and real time clock functions shall continue to operate for
a mnimmof 72 hours in the event of a power failure. |[If rechargeable
batteries are provided, automatic charging of batteries shall be provided.
Whenever a either a permanent workstation/tester or portable

wor kstation/tester is nonitoring the network control panel, a |low battery
al arm nmessage shall be sent to it.

2.14.3. 4 Speci fic Requirenents

Each uni versal programmable controller shall be accessible for purposes of
application selection, control paraneters, set point adjustnent, and
nonitoring fromany DDC controller connected to the sane nanufacturers
control network as the universal programmable controller. This shall be
done using a portable workstation/tester connected to a portable

wor kst ation/tester port either directly or via nbdem

2.14.3.5 Locki ng Encl osures

Locki ng type nounting cabinets with combn keying shall be furnished for
each encl osure.

2.14.3.6 Fai | ure Mode

Upon failure of the universal progranmable controller, it shall revert to
the failure node of operation as shown.

2.14. 4 Unitary Controller

The unitary controller shall be a mcroprocessor based, stand-al one,

dedi cat ed purpose controller, comunicating with the network control panel
desi gned and programed to control air distribution system m xi ng boxes,
termnal units, heat punps, fan coil units, self-contained DX units or VAV
boxes as shown. Each unitary controller shall contain resident prograns in
nonvol atile nmenory for each specific application inplenented. Each unitary
control l er shall contain necessary power supplies, transforners, nenory,
I/ O functions and comuni cations interfaces necessary to performits
required functions and to provide control and nmonitoring of connected

equi pment and devices. It shall contain all necessary |I/O functions to
connect to field sensors and controls. |/O operation shall be fully
supervised to detect I/O function failures and shall provide for operation
as a device connected to the network control panel via the nanufacturers
control network.

2.14.4.1 I ntegral Features

SECTI ON 15951A Page 43



Ful ly Contained Small Arns Range, WPAFB A03R0005
Amendnent 4

The unitary controller shall include:
a. Min power switch
b. Power on indicator.
c. Portable workstation/tester port, connector, and power supply.
d. Manufacturers control network port.
e. Al I/Ofunctions required to inplenment the requirenents as shown.

f. On-Of-Auto switches for each DO which controls a device. These
switches shall be mounted in the field panel, with the exception of notors,
for which the switch shall be nobunted at the notor control center
On-Of-Auto switches are not required for DO associated with a status or
alarm such as pilot lights. The status of these switches shall be
avai l able to the panel for further processing.

g. M nimum Maxi num Auto switches, or Auto-Manual swi tches with nmanual
out put override, for each AO. The status of these shall be available to
t he panel for further processing.

2.14. 4.2 Conmuni cati on I nterfaces

The unitary controller shall have the foll owi ng communi cation capabilities
whi ch shall function simltaneously.

a. Manufacturers Control Network. The manufacturers control network
conmuni cations interface for a data transnission systens (DTS) circuit
between the unitary controller and a network control panel shall be
provided. The DTS will provide for transm ssion speeds necessary to conply
wi th perfornmance requirenents specified. DTS equipnent shall be installed
in the unitary control panel enclosure.

b. Portable Wrkstation/ Tester Port. A comunications port for
interfacing to a portable workstation/tester shall be provided. A unitary
control l er workstation/tester port other than RS-232, shall be converted to
RS- 232, including cabling and power supply, and shall be pernanently
installed in the panel. For unitary controller applications where the
controller is not nounted in an enclosure, such as for fan-coil units or
VAV terminal units, a portable conversion device for an RS-232 connection
to the portable workstation/tester nay be provided.

2.14.4.3 Speci fic Requirenents
Unitary controller conponents for new air distribution termnal units shal
be furnished to the air distribution termnal unit manufacturer for factory
nounting and calibration. Existing air distribution terminal units shal
be controlled by field installed unitary controllers.
a. Accessibility and Interfaces: Each unitary controller shall be
accessi bl e for purposes of application selection, control paranmeters, set
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poi nt adjustnent, and nmonitoring using a portable workstation/tester
connected to the nmanufacturers control network. They shall also be
accessible with a portable workstation/tester connected to the unitary
control l er portable workstation/tester port.

b. Air Distribution Terminal Unit Controls - Pressure |ndependent:
Controls shall consist of a transducer for connection to the
vel ocity-sensing device provided by the termnal unit supplier in the
primary air entering the termnal unit, a roomtenperature sensor, a danper
actuator, and an adjustable nicroprocessor-based controller. [[The room
tenperature sensor shall have occupant setpoint adjustment and tenperature
di splay, timed override of unoccupi ed node, and a conmunication port]
[ ].1 The controller shall operate the danper for cooling and heating
and provide control outputs for duct heating coil if applicable. This
controller capability shall allow the sequencing of the damper and the
heating coil to maintain conditions in the space.

c. Air Distribution Terminal Unit Controls - Pressure | ndependent
with Recirculating Fan: Controls for pressure-independent boxes with
recirculating fans shall consist of a transducer for connection to the
vel ocity-sensing device provided by the termnal unit supplier in the
primary air entering the termnal unit, a roomtenperature sensing el enent,
a danper actuator, an adjustable nicroprocessor-based term nal unit
controller, and a switch to operate the recirculation fan, provided by the
termnal unit supplier. [[The roomtenperature sensor shall have occupant
set poi nt adj ustnment and tenperature display, timed override of unoccupied
node, and a communication port] | ].1] The controller shall operate the
danper for cooling and shall provide outputs for controlling the
recirculation fan and duct heating coil in sequence for heating.

d. Air Distribution Terminal Unit Danmper Actuator: Air distribution
term nal unit danper actuator shall open or close the device to which it is
connected within 60 seconds. [[The danper actuator shall utilize spring
return to fail to the position shown on | oss of power or control signal]

[ 1.]
2.14.4. 4 Fai | ure Mode

Upon failure of the unitary controller, it shall revert to the failure node
of operation as shown.

2.14.5 Chiller Control Pane

Chiller control panel shall be mcroprocessor-based and shall provide, both
locally and through the Manufacturers Control Network, the control

noni toring, and safety equi pnent functions provided by the chiller

manuf acturer's control panel (s) (two conmunications ports total). The
chiller control panel instrunentation and control ranges and accuracies
shall match those of the chiller manufacturer's control devices. The
chiller panel shall have a communication port for interface to a Portable
Wor kst ati on/ Tester through either the Manufacturers Control Network or
nodem for chiller(s) start/stop, chilled water tenperature reset, and
nonitoring of chiller operating status, alarns, and power consunpti on.
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2.14.6 Boi | er Control Pane

Boi |l er control panel shall be mcroprocessor-based and shall provide, both
locally and through the Manufacturers Control Network, the control

noni toring, and safety equi pnent functions provided by the boiler

manuf acturer's control panel (s) (two conmunications ports total). The
boil er control panel instrunentation and controls ranges and accuracies
shall match those of the boiler manufacturer's control devices. The boiler
panel shall have a conmunication port for interface to a Portable

Wor kst ati on/ Tester through either the Manufacturers Control Network or
nodem for boiler(s) and start/stop, boiler water tenperature reset, and
noni toring of boiler operating status, alarnmns.

2.14.7 I/ O Functi ons
2.14.7. 1 DDC Har dware |/ O Functi ons

I/ O Functions shall be provided as part of the DDC system and shall be in
accordance with the foll ow ng:

a. The analog input (Al) function shall nonitor each anal og input,
perform A-to-D conversion, and hold the digital value in a buffer for
interrogation. The A-to-D conversion shall have a m nimumresolution of 10
bits plus sign. Signal conditioning shall be provided for each anal og
i nput. Analog inputs shall be individually calibrated for zero and span
in hardware or in software. The Al shall incorporate common node noise
rejection of 50 dB fromO to 100 Hz for differential inputs, and nornal
node noi se rejection of 20 dB at 60 Hz from a source i npedance of 10, 000
ohns. Input ranges shall be within the range of 4-to-20 mAdc.

b. The anal og output (AO function shall accept digital data, perform
D-to- A conversion, and output a signal within the range of 4-to-20 nAdc.
D-to- A conversion shall have a nminimumresol ution of eight bits plus sign
Anal og outputs shall be individually calibrated for zero and span. Short
circuit protection on voltage outputs and open circuit protection on
current outputs shall be provided. [[An individual gradual switch for
manual override of each anal og output and neans of physically securing
access to these switches shall be provided. Each AO shall have a
t hree-position switch for selection of the DDC control signal, no control
or a locally generated control signal for connection to the controlled
device. Feedback shall be provided to the systemas to the status of the
out put (manual control or automatic). Switches for pneumatic control
out puts shall provide a connection for an externally generated pneunatic
signal. All switches shall be either of a key operated design with the
sanme keying systemused for other outputs or otherw se suitably protected
from unaut hori zed access] | 1.1

c. The digital input (D) function shall accept on-off, open-close,
or other change of state (two state data) indications. Isolation and
protection agai nst an applied steady-state voltage up to 180 Vac peak shal
be provi ded.

d. The digital output (DO function shall provide contact closures
for nonentary and nmi ntai ned operation of output devices. C osures shal
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have a m ni num duration of 0.1 second. DO relays shall have an initia

br eakdown vol t age between contacts and coil of at |east 500 V peak

El ectromagnetic i nterference suppression shall be furnished on all output
lines to limt transients to nondanaging | evels. Protection against an
appl i ed steady-state voltage up to 180 Vac peak shall be provided. M ninum
contact rating shall be one anpere at 24 Vac. [[Key |ocked HOA swi tches
shal |l be provided for nanual override of each digital output. Feedback
shal |l be provided to the systemas to the status of the output (nmanual
control or automatic). Switches shall be common keyed] | 1.1

e. The pul se accumul ator function shall have the same characteristics
as the DI. In addition, a buffer shall be provided to totalize pul ses and
allow for interrogation by the DDC system The pul se accumul at or shal
accept rates up to 20 pul ses per second. The totalized value shall be
reset to zero upon operator's command

f. Signal conditioning for sensors shall be provided as specified.

g. The binary coded decinal (BCD) function: The BCD function shal
have the sanme characteristics as the DI, except that, in addition, a buffer
shal |l be provided to totalize inputs and allow for interrogation by the
network control panel. The BCD function shall have 16-channel optically
i sol ated buffered inputs to read four digit nunbers. The BCD function
shal | accunul ate inputs at rates up to 10 inputs per second.

2.14.7.2 Fai | ure Mode

Upon failure of the I/O function, including data transm ssion failure,

| ogi ¢ power supply failure, DDC processor malfunction, software failure,

i nterposing relay power failure, or any other failure which prevents stand
al one operation of any DDC nornal |y capabl e of stand al one operati on,
connected out puts shall be forced to the failure node shown.

2.14.8 Port abl e Wor kst ati on/ Test er

A portable workstation/tester shall be provided and shall be able to
connect to any DDC hardware. The portable workstation/tester shall consi st
of a portable conputer with a nominal 10 inch active color matrix liquid
crystal display, capable of displaying up to 256 colors at a m ni num

resol ution of 640 X 480 pixels, an external VGA nonitor port, 32 bit

nm croprocessor operating at a mninumof 100 MHZ. The portable

wor kst ation/tester shall have, as a mininum a 1200 MB hard drive, 16
negabytes of nenory, integral pointing device, serial and parallel ports,
color VGA video port for an external color nonitor, 3.5 inch floppy disk
drive, nodem PCMCIA type 3 slot, rechargeable battery, battery charger and
120 Vac power supply. It shall include carrying case, extra battery,
charger and a conpatible network adapter. The workstation/tester shall:

a. Run DDC di agnostics.

b. Load all DDC nmenory resident prograns and information, including
paranmeters and constraints.

c. Display any AI, DI, AO DO or PA point in engineering units for
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anal og points or status for digital points.
d. Control any AO or DO

e. Provide an operator interface, contingent on password |evel,
all owi ng the operator to use full English |anguage words and acronyns, or
an object oriented graphical user interface.

f. Display database paraneters.
g. Modify database paraneters.

h. Accept DDC software and information for subsequent |oading into a
specific DDC. Provide all necessary software and hardware required to
support this function, including an EI A ANSI/EIA Tl A-232-F port.

i. Disablel/enable each DDC.
j. Performall workstation functions as specified.
2.14.9 Central Workstation/ Tester

A central workstation/tester shall be provided and shall be able to

conmuni cate any network control panel via the primary network. The central
wor kst ation/tester shall be functionally equivalent to the portable

wor kstation/tester but is intended to be a stationary unit. The central
wor kst ation/tester shall consist of a central conputer with a nomnal 14

i nch VGA col or display, capable of displaying up to 256 colors at a m ni mum
resol ution of 640 X 480 pixels, 32 bit mcroprocessor operating at a

m ni mrum of 100 MHZ. The central workstation/tester shall have, as a
mnimum a 2100 MB hard drive, 32 negabytes of nmenory, integral pointing
device, serial and parallel ports, color VGA video port for an externa
color monitor, 3.5 inch floppy disk drive, nodem PCMCIA type three slot,
rechargeabl e battery, battery charger, 120 Vac power supply and network
adapter (Ethernet |EEE802.3 or ARCNET). The central workstation/tester
shal |

a. Run DDC di agnostics.

b. Load all DDC nmenory resident prograns and information, including
paranmeters and constraints.

c. Display any AI, DI, AO DO, or PA point in engineering units for
anal og points or status for digital points.

d. Control any AO or DO

e. Provide an operator interface, contingent on password |evel,
all owi ng the operator to use full English |anguage words and acronyns, or
an object oriented graphical user interface.

f. Display database paraneters.

g. Modify database paraneters.
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h. Accept DDC software and information for subsequent |oading into a
specific DDC. Provide all necessary software and hardware required to
support this function, including an EI A ANSI/EI A Tl A-232-F port.

i. Disable/enable each DDC.
j. Performall workstation functions as specified.
2.14.10 Data Term nal Cabi net (DTC)

The DTC shall be an independent netallic enclosure not physically part of
the network control panel/R U as shown. The DITC shall be sized to
accommodat e the nunber of 1/0O functions required for each network control
panel /RIU, including installed spares, plus 10% expansion for each type of
I/O function provided. The DTIC shall be divided into anal og i nput and
out put groups and digital input and output groups. The DIC shall be
provided with double sided screw type termnal strips. One side of the
termnal strip shall be used for termnation of field wiring from

i nstrument ation-nentation and controls. The other side shall be used to
connect the DIC to the network control panel/RI U Term nal strips shal
have individual terminal identification nunbers. The DTC shall be a

| ocki ng type nounting enclosure, with common keying and door switch wred
to an input for intrusion alarmannunciation at the central station. DIC
keyi ng shall be identical to network control panel/RI U keyi ng.

2.15 DDC SOFTWARE

Al DDC software described in this specification shall be furnished as part
of the conplete DDC System

2.15.1 Qperating System

Each DDC shall contain an operating systemthat controls and schedul es that
DDC s activities in real tinme. The DDC shall maintain a point database in
its menory that includes all paraneters, constraints, and the |atest val ue
or status of all points connected to that DDC. The execution of DDC
application prograns shall utilize the data in nenory resident files. The
operating systemshall include a real tinme clock function that maintains

t he seconds, mnutes, hours, date and nonth, including day of the week.
Each DDC real time clock shall be automatically synchronized with the
network control panel real time clock at | east once per day to plus or

m nus 10 seconds. Wen the network control panel is connected to a central
wor kst ation/tester, the network control panel RTC shall be updated by the
central workstation/tester RTC. The time synchronization shall be
acconpl i shed wi thout operator intervention and w thout requiring system
shutdown. The operating systemshall allow | oading of software, data files
data entry, and diagnostics fromthe central workstation/tester both
locally through the central workstation/tester port and renotely through a
network control panel and the manufacturers control network.

2.15. 1.1 Startup

The DDC shall have startup software that causes autonmatic comencenent of
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operation w thout hunman intervention, including startup of all connected
I/O functions. A DDC restart program based on detection of power failure
at the DDC shall be included in the DDC software. Upon restoration of
power to the DDC, the programshall restart equi pnent and restore |loads to
the state at tinme of power failure, or to the state as commanded by tine
prograns or other overriding programs. The restart program shall include
start time del ays between successive comands to prevent demand surges or
overload trips. The startup software shall initiate operation of self-test
di agnostic routines. Upon failure of the DDC, if the database and
application software are no longer resident or if the clock cannot be read,
the DDC shall not restart and systens shall remain in the failure node
indicated until the necessary repairs are made. |If the database and
application prograns are resident, the DDC shall resune operation after an
adjustable tine delay of fromO to 600 seconds. The startup sequence for
each DDC shall include a unique tine delay setting for each control out put
when system operation is initiated.

2.15.1.2 Qper ati ng Mode

Each DDC shall control and nonitor functions as specified, independent of
conmuni cations with other DDC. This software shall performall DDC
functions and DDC resident application prograns as specified using data
obtained fromI/O functions and based upon the DDC real tinme clock
function. Wen comunications circuits between the DDC are operable, the
DDC shall obtain real tine clock updates and any required gl obal data

val ues transmtted fromother network control panels. The DDC software
shal | execute commands after perforning constraints checks in the DDC
Status and anal og val ues, including alarms and other data shall be
transmtted fromother network control panels when conmunications circuits
are operable. If conmunications are not avail able, each DDC shall function
i n stand-al one node and operational data, including the |atest status and
val ue of each point and results of calculations, normally transmtted from
ot her network control panels shall be stored for later transm ssion to the

network control panel. Storage for the |atest 256 val ues shall be provided
at each network control panel. Each DDC shall accept software downl oaded
fromthe network control panel. Constraints shall reside at the DDC.

2.15.1.3 Fai l ure Mde
Upon failure for any reason, each DDC shall perform an orderly shutdown and
force all DDC outputs to a predeternined (failure nbode) state, consistent
with the failure nbdes shown and the associ ated control device.

2.15.2 Functi ons
The Contractor shall provide software necessary to acconplish the follow ng
functions, as appropriate, fully inmplenented and operational, wthin each
network control panel, RIU, unitary controller and universal programmble
controller.

a. Scanning of inputs.

b. Control of outputs.
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c. Reporting of anal og changes outside a selectable differential
d. Reporting of unauthorized digital status.

e. Reporting of alarns automatically to network control panel

f. Reporting of I/O status to network control panel upon request.

g. Mintenance of real tinme, updated by the network control panel at
| east once a day.

h. Communication with the network control panel

i. Execution of DDC resident application prograns.

j. Averaging or filtering of Als.

k. Constraints checks (prior to command i ssuance).

|. Diagnostics.

m Portable workstation/tester operation as specified.

n. Reset of PA by operator based on tinme and val ue.
2.15.2.1 Anal og Monitoring

The system shall neasure and transmt anal og val ues includi ng cal cul at ed
anal og points. An analog change in value is defined as a change exceedi ng
a preset differential value as specified. The record transnitted for each
anal og val ue shall include a readily identifiable flag which indicates the
abnormal status of the value when it deviates from operator sel ectable
upper and lower analog limts. Analog values shall be expressed in proper
engineering units with sign. Engineering units conversions shall be

provi ded for each neasurement. Each engineering units conversion set shal
i ncl ude range, span, and conversion equation. A vocabul ary of engineering
unit descriptors shall be provided, using at |east three al phanuneric
characters to identify information in the system The system shall support
255 different engineering units.

2.15.2.2 Logic (Virtual) Points

Logic (virtual) points shall be software points entered in the point

dat abase which are not directly associated with a physical 1/0 function
Logic (virtual) points shall be analog or digital points created by
calculation fromany conbination of digital and anal og points, or other
data having the properties of real points, including alarns, wthout the
associ ated hardware. Logic (virtual) points shall be defined or calcul ated
and entered into the database by the Contractor. The cal cul ated anal og
poi nt shall have point identification in the sane format as any ot her
anal og point. The calculated point shall be used in any program where the
real value is not obtainable directly. Constants used in calculations
shal | be changeabl e on-line by the operator. Calcul ated point val ues shal
be current for use by the systemwi thin 10 seconds of the tine of any input
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changes.
2.15.2.3 State Vari abl es

If an anal og point represents nore than two (up to eight) specific states,
each state shall be naneable. For exanple, a |level sensor shall be

di spl ayed at its neasured engineering units plus a state variable with
naned states usable in prograns or for display such as | ow

al armi | ow nor mal / hi gh/ hi gh al arm

2.15.2. 4 Anal og Total i zation

Any anal og point shall be operator assignable to the totalization program
Up to eight anal og values shall be totalized within a selectable tine
period. At the end of the period, the totals shall be stored.
Totalization shall then restart fromzero for the next tinme period. The
program shal |l keep track of the peak and total value neasured during the
current period and for the previous period. The operator shall be able to
set or reset each totalized value individually. The time period shall be
able to be operator defined, nodified or deleted on-Iline.

2.15.2.5 Energy Totalization
The system shall calculate the heat energy in Btus, for each energy source
consuned by the nmechanical systens specified, totalize the cal cul ated Btus,
the instantaneous rate in Btus per hour, and store totals in thousands of
Btus (MBtu). The Btus calculated shall be totalized for an adjustable tine

period. The tine period shall be defined uniquely for each Btu
totalization.

2.15.2.6 Trendi ng
Any anal og or cal cul ated point shall be operator assignable to the trend
program Up to eight points shall be sanpled at individually assigned
intervals, selectable between one mnute and two hours. A m ninum of the
nost recent 128 sanpl es of each trended point shall be stored. The sanple
intervals shall be able to be defined, nodified, or deleted on-line.
2.15.3 I/ O Poi nt Database/ Paraneter Definition
Each 1/ 0O point shall be defined in a database residing in the DDC. The
definition shall include all physical paraneters associated with each
point. Each point shall be defined and entered into the database by the
Contractor, including as applicable:
a. Nane.
b. Device or sensor type (i.e., sensor, control relay, notors).
c. Point identification nunber.

d. Unit.

e. Building nunber.
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f. Area.
g. Island.
h. DDC nunmber and channel address.
i. KW(running).
j. KW{(starting).
k. Sensor range.
I. Controller range.
m  Sensor span
n. Controller span
0. Engineering units conversion (scale factor).
p. Setpoint (anal og).
g. Hi gh reasonabl eness val ue (anal og).
r. Low reasonabl eness val ue (anal og).
s. Hghalarmlinmt differential (return to nornal).
t. Lowalarmlimt differential (return to normal).
u. Highalarmlimt (anal og).
v. Lowalarmlimt (analog).
w. Alarmdisable time period upon startup or change of setpoint.
X. Anal og change differential (for reporting).
y. Alarmclass and associated prinary nessage text.
z. H gh accunulator limt (pulse).
aa. Status description
bb. Run tine target.
cc. Failure node as specified and shown.
dd. Constraints as specified.
2.15. 4 Al arm Pr ocessi ng

Each DDC shall have al arm processing software for Al, D, and PA alarms for

SECTI ON 15951A Page 53



Ful ly Contained Small Arns Range, WPAFB A03R0005
Amendnent 4

all real and virtual points connected to that DDC
2.15.4.1 Digital Alarnms Definition

Digital alarnms are those abnormal conditions indicated by DIs as specified
and shown.

2.15.4.2 Anal og Al arns Definition

Anal og al arns are those conditions higher or |ower than a defined val ue, as
nmeasured by an Al. Anal og readings shall be conpared to predefined high
and low limts, and alarnmed each tine a value enters or returns froma
[imt condition. Unique high and lowlinmts shall be assigned to each
anal og point in the system Analog alarmlimts shall be stored in the DDC
dat abase. Each analog alarmlimt shall have an associated unique limt

di fferential specifying the amount by which a variable nmust return into the
proper operating range before being annunciated as a

return-to-normal -state. Al linmts and differentials shall be entered
on-line by the operator in limts of the neasured variable, wthout
interruption or loss of nonitoring of the point concerned. The program
shal | automatically change the high or lowlimts or both, of any anal og
poi nt, based on tine schedul ed operations as specified, allowing for a tine
interval before the alarmlimt becones effective. |In CPA applications,
key the Iimt to a finite deviation traveling with the setpoint. The
system shall automatically suppress analog alarmreporting associated with
a digital point when that digital point is turned off.

2.15.4.3 Pul se Accumul ator Alarns Definition
Pul se accunul ator alarnms are those conditions calculated fromtotalized
val ues of accumul ator inputs or PA input rates that are outside defined
limts as specified and showmn. PA totalized values shall be conpared to
predefined lints and alarned each tinme a value enters a limt condition
Unique limts shall be assigned to each PA point in the system Limts
shall be stored in the DDC dat abase.

2.15.5 Constraints

2.15.5.1 Equi pnent Constraints Definitions

Each control point in the database shall have DDC resident constraints
defined and entered by the Contractor, including as applicable:

a. Mximumstarts (cycles) per hour

b. M ninmumoff tinme.

c. Mnimumon tinme.

d. Hghlimt (value in engineering units).
e. Lowlimt (value in engineering units).

2.15.5.2 Constrai nts Checks
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Control devices connected to the systemshall have the DDC nenory resident
constraints checked before each command is issued to insure that no

equi pnment danage will result frominproper operation. Each comrand shal

be executed by the DDC only after all constraints checks have been passed.
Each command point shall have uni que constraints assigned. High and | ow
"reasonabl eness" val ues or one differential "rate-of-change" value shall be
assigned to each Al. Values outside the reasonableness limts shall be

rej ected and an al arm nmessage sent to the network control panel or portable
wor kstation/tester. Status changes and anal og poi nt val ues shall be
reported to the workstation upon operator request, such as for reports,

al phanuneri c di spl ays, graphic displays, and application prograns. Each

i ndi vidual point shall be capable of being selectively disabled by the
operator froma workstation/tester. Disabling a point shall prohibit

noni toring and automatic control of that point.

2.15.6 Di agnostics

Each DDC shall have self-test diagnostic routines inplemented in firmare.
The tests shall include routines that exercise nmenory. Diagnostic software
shal |l be usable in conjunction with the central workstation/tester and
portabl e workstation/tester. The software shall display nessages in
English to informthe tester's operator of diagnosed problens.

2.15. 7 Sunmrer - Wnter Operation Mnitoring

The system shall provide software to automatically change the operating
paranmeters, nonitoring of alarmlimts, and start-stop schedules for each
nmechani cal system from sumer to winter and vice-versa. The software shal
provi de automati c commands to applications prograns to coordinate proper
sunmer or winter operation. Change over setpoints shall be operator

sel ectabl e and settable.

2.15.8 Control Sequences and Control Loops

Sufficient menory shall be provided to inplenment the requirenents specified
and shown for each DDC. Specific functions to be inplenented are defined
in individual system control sequences and dat abase tables shown in the
drawi ngs, and shall include, as applicable, the follow ng:

a. Pl Control: This function shall provide proportional control and
proportional plus integral control

b. Two Position Control: This function shall provide control for a
two state device by conparing a set point against a process variable and an
est abl i shed deadband.

c. Floating Point Control: This function shall exercise control when
an error signal exceeds a sel ected deadband, and shall nmintain control
until the error is within the deadband limts.

d. Signal Selection: This function shall allow the selection of the

hi ghest or | owest anal og value froma group of anal og val ues as the basis
of control. The function shall include the ability to cascade anal og
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val ues so that |arge numbers of inputs can be reduced to one or two outputs.

e. Signal Averaging: This function shall allow the mathenati cal
cal cul ation of the average anal og value froma group of anal og val ues as
the basis of control. The function shall include the ability to "weight"
t he individual anal og values so that the function output can be biased as
necessary to achi eve proper control

f. Reset Function: This function shall develop an AO based on up to
two Al's and one operator specified reset schedul e.

g. Cooling/Heating Operation Program Software shall be provided to
change, either automatically or on operator conmand, the operating
paranmeters, nonitoring of alarmlimts, and start-stop schedules for each
nmechani cal system where such a change fromcooling to heating and vice
versa is neaningful. The software shall provide commands to application
prograns to coordi nate cooling or heating node operation. Software shal
automatically switch facilities fromcooling to heating, and vice versa
based on schedul es or tenperatures. Al HVAC equi prent and systens shal
be assigned to the program

2.15.9 Conmand Priorities

A schenme of priority levels shall be provided to prevent interaction of a
conmand of low priority with a conmand of higher priority. The system
shall require the latest highest priority command addressed to a single
point to be stored for a period of tinme longer than the |ongest tine
constraint in the on and off states, insuring that the correct command
shal |l be issued when the tine constraint is no longer in effect or report
the rejected command. Override comands entered by the operator shall have
hi gher priority than those emanating from applications prograns.

2.15.10 Resi dent Application Software

The Contractor shall provide resident applications prograns to achi eve the
sequences of operation, paraneters, constraints, and interlocks necessary
to provide control of the systens connected to the DDC system Application
prograns shall be resident and shall execute in the DDC, and shal
coordinate with each other, to insure that no conflicts or contentions
remai n unresolved. The Contractor shall coordinate the application
prograns specified with the equi pment and controls operation, and ot her
specified requirenents. A schene of priority levels shall be provided to
prevent interaction of a command of low priority with a command of hi gher
priority. The systemshall require the latest highest priority comand
addressed to a single point to be stored for a period of tine |onger than
the I ongest tine constraint in the ON and OFF states, insuring that the
correct command shall be issued when the tine constraint is no longer in
effect or the rejected conmand shall be reported. Override conmands
entered by the operator shall have higher priority than those enmanating
from application prograns.

2.15.10.1 Program I nputs and Qutputs

The Contractor shall select the appropriate programinputs listed for each
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application programto calculate the required program outputs. Were the
specific programinputs are not available, a "default" value or virtua
poi nt appropriate for the equi pnent being controlled and the proposed
sequence of operation shall be provided to replace the mssing input, thus
allowing the application programto operate. Als to application prograns
shal | have an operator adjustable deadband to preclude short cycling or
hunting. Program outputs shall be real analog or digital outputs or logic
(virtual) points as required to provide the specified functions. The
Contractor shall select the appropriate input and output signals to satisfy
the requirenents for control of systens as shown.

2.15.10.2 DDC CGeneral Conditions
The Contractor shall provide software required to achi eve the sequences of
operation, paraneters, constraints, and interlocks shown. Application
software shall be resident in the DDC in addition to any other required
software. In the event of a DDC failure, the controlled equi pnent shal
continue to function in the failure node shown.
2.15.10.3 Schedul ed Start/ Stop Program
This programshall start and stop equi pnent based on a tine of day schedul e
for each day of the week, and on a holiday schedule. To elimnate power
surges, an operator adjustable time delay shall be provided between
consecutive start comrands.
a. Program | nputs:
(1) Day of week/holiday.
(2) Tinme of day.
(3) Cooling and heating high-low alarmlimts.
(4) Cooling and heating start-stop schedul es.
(5) Cooling or heating node of operation
(6) Equi pnent status.
(7) Equi pnent constraints.
(8) Consecutive start tine delay.
b. Program Qutputs: Start/stop signal
2.15.10.4 Optinmum Start/ Stop Program
This program shall start and stop equi prent as specified for the schedul ed
start/stop program but shall include a sliding schedule based on indoor
and outdoor air conditions. The programshall take into account the
thermal characteristics of the structure, and indoor and outdoor air

conditions, using prediction software to deternmine the mninumtinme of HVAC
system operation needed to satisfy space environnental requirenments at the
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start of the occupied cycle, and deternine the earliest tinme for stopping
equi pnment at the day's end without exceedi ng space environnental
requi renents. An adaptive control algorithmshall be utilized to
automatically adjust the constants used in the program
a. Program | nputs:

(1) Day of week/holiday.

(2) Tinme of day.

(3) Cooling or heating node of operation.

(4) Equi pnent status.

(5) Cooling and heating buil ding occupancy schedul es.

(6) Space tenperature.

(7) Building heating constant (operator adjustable and
autonmatically optim zed).

(8) Building cooling constant (operator adjustable and
autonmatically optim zed).

(9) OA tenperature.
(10) Required space tenperature at occupancy (heating).
(11) Required space tenperature at occupancy (cooling).
(12) Equi pnent constraints.
(13) Cooling and heating high-low alarmlimts.
b. Program Qutputs: Start/stop signal.
2.15.10.5 Day- N ght Setback Program
The software shall |imt the rise or drop of space tenperature (or
specified fluid tenperature) during unoccupied hours. \Whenever the space
tenperature (or specified fluid tenmperature) is above (or below for
heating) the operator assigned tenperature limt, the systemshall be
turned on until the tenperature is within the assigned tenperature lint.
a. Program | nputs:
(1) Day of week.
(2) Tinme of day.
(3) Cooling or heating node of operation.

(4) Cooling and heating occupancy schedul es.
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(5) Equi pnent status.

(6) Space tenperature (or specified fluid tenperature).

(7) Mninmm space tenperature (or specified fluid tenperature)
during unoccupi ed peri ods.

(8) Maximum space tenperature (or specified fluid tenperature)
during unoccupi ed peri ods.

(9) Equi prent constraints.
b. Program Qutputs: Start/stop signal
2.15.10.6 Econom zer Program |
The software shall reduce the HVAC system cooling requirements when the QA
dry bulb temperature is less than the return air tenperature. Wen the OA
dry bulb tenmperature is above the return air tenperature or changeover
setpoint, the OA danpers, return air danpers, and relief air danmpers shal
be positioned to provide mnimumrequired OA. Wen the QA dry bulb
tenperature is bel ow a changeover setpoint tenperature, the QA danpers,
return air danpers, and exhaust air danpers shall be positioned to maintain
the required mxed air tenperature.
a. Program I nput:
(1) Changeover conditions.
(2) OA dry bulb tenperature.
(3) RA dry bulb tenperature.
(4) Mxed air dry bulb tenperature.
(5) Equi pnent constraints.
b. Program Qutput: Danper actuator/cooling control signal

2.15.10.7 Ventil ation/Recircul ati on and Flush Prograns

The software shall reduce the HVAC systemthermal |oad for two nodes of
operation and provide for flushing of the building as foll ows:

a. Ventilation node: 1In this node, the systemshall precool the
space prior to building occupancy. Wen the outside air tenperature is
| ower than the space tenperature, the outside air danper and exhaust air
danper shall open to their maxi mum positions and the return air danper
shall close to its mnimum position

b. Recirculation nobde: |In this node, the systemshall preheat the

space prior to building occupancy. Wen the outside air tenperature is
| ower than the space tenperature, the outside air danper and the exhaust
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air danper shall close to their mnimmpositions and the return air danper
shal |l open to its maxi num position

c. Flush node: The software shall use the HVAC supply systemto
provi de 100% outside air for ventilation purpose and flush buil di ng spaces.
The network control panel shall nodulate the control valves to maintain
the air supply tenperature setpoints while the flush programis in effect.

The flush node shall be manually initiated and have the highest priority
(it shall override all other prograns). The outside air damper and the
exhaust air danper shall be closed at other tines during unoccupied

peri ods, except for econom zer operation during day/ni ght setback periods.
For systems without nechanical cooling, this programshall, in addition to
t he above requirenents, act as an econom zer. The outside, return, and
exhaust air danpers shall be nodulated to nmaintain the required mxed air
tenperature setpoint. Wen this programis rel eased, the outside and
exhaust air danpers shall return to their mninumpositions, and the return
air danper shall return to its nmaxi mum position

d. Program I nputs:
(1) Day of week.
(2) Tinme of day.
(3) Cooling or heating node of operation
(4) Equi pnent status.
(5) Cooling and heating occupancy schedul es.
(6) OA dry bulb tenperature.
(7) Space tenperature.
(8) Equi pnent constraints.
e. Program Qutput: Danper actuator control signal
2.15.10.8 Hot Deck/ Col d Deck Tenperature Reset Program
The software shall use space, nixed air, and deck tenperatures to calcul ate
the hot deck/cold deck tenperature setpoints in dual duct and nultizone
HVAC systens. The program shall select the zones with the greatest heating
and cooling requirenments; establish the HVAC m ni num hot and cold deck
tenperature differentials required to neet the zone tenperatures; nodul ate
val ves to maintain deck tenperature setpoints; and nodul ate zone danpers to
mai ntai n space tenperature setpoints, wthout exceeding space humdity
l[imts (where shown)
a. Program | nputs:

(1) Space tenperature setpoint.

(2) Space humdity limt (where shown).
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(3) Mxing box danper position or proportional signal from
primary el enent.
(4) Hot deck tenperature.
(5) Cold deck tenperature.
(6) Zone tenperatures (where shown).
(7) Space RH (where shown).
(8) Mninmm space tenperature during occupi ed peri ods.
(9) Maxi mum space tenperature during occupi ed peri ods.
(10) Equi pnent constraints.
b. Program Qut puts:
(1) Hot deck val ve actuator control signal.
(2) Cold deck valve actuator control signal.
(3) Zone danper or m xing box actuator control output signal.
2.15.10.9 Reheat Coil Reset Program
The software shall select the zone with the | east anobunt of heat required.
The program shall reset the cold deck discharge tenperature upward until it
satisfies the zone with the | owest demand, or until the zone humdity
control requirenents cannot be net.
a. Program | nputs:
(1) Zone RHhigh limt.
(2) Zone tenperature (where shown).
(3) Zone RH (where shown).

(4) Cold deck tenperature.

(5) Reheat coil valve positions or proportional signals from
primary el enents.

(6) M ninmm space tenperature during occupi ed peri ods.
(7) Maxi mum space tenperature during occupi ed peri ods.
(8) Equi pnent constraints.

b. Program Qutput: Cold deck val ve actuator control signal.
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2.15.10.10 Heating and Ventilating Unit Program

The software shall control hot water/steamcoil valve position to maintain
space/ supply air tenperatures for heating and ventilating units. This
program shall be coordinated with the ventilation-recirculation program for
danper control and the schedul ed or optimum start-stop programfor fan
control .

a. Program | nputs

(1) Space tenperature.

(2) Space tenperature setpoint.

(3) Supply air tenperature.

(4) Supply air tenperature setpoint.

b. Program Qutputs

(1) Heating or steamcoil valve actuator control signal.
(2) Danper actuator control signal.

2.15.10.11 Air Vol une Control Program

The software shall nonitor supply and return/exhaust air flow vol unes and
nodul ate fan controls to maintain required air flow volumes and/or ratio or
fixed differential of supply to return air flows. This program shall be
coordinated with the ventilation-recirculation program and the econom zer
program for danper control and with static pressure control requirenents
for fan control.

a. Program | nputs

(1) Supply air flow.

(2) Return/exhaust air flow.

(3) Required supply air flow - high and low linits.

(4) Required return/exhaust air flow - high and low linits.
(5) Volune offset or ratio, as appropriate.

b. Program Qutputs

(1) Supply fan volune control.
(2) Return/exhaust fan volune control.

2.15.10.12 Air Distribution Unitary Controller Software

Software shall be provided for the nanagenent and control of the air
distribution terminal units. Software shall allow for operator definition
of multiple air distribution termnal units as functional groups which may
be treated as a single entity; nonitoring, alarm ng and reporting of
termnal unit paraneters on an individual or group basis; and renote

set poi nt adjustnent on an individual or group basis.

a. Functions:

(1) Volune control in response to tenperature.
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(2) Volunme flow linmts, mninmmand nmaxi mum

(3) GCccupied and unoccupi ed operation with associ ated tenperature
and volunme linmts.

(4) Tenperature setpoint override

b. Program Inputs

(1) Space tenperature.

(2) Space tenperature setpoint.

(3) Space tenperature setpoint limts.

(4) Supply airflow vol une.

(5) Supply airflow volune high and low linmts.

c. Program Qutputs

(1) Supply volune control signal
(2) Auxiliary fan start/stop signal
(3) Suppl enental heat control signal

2.15.10.13 Chiller Selection Program

Chiller programshall be used for chiller selection as well as control and
nonitoring of chillers. The software shall select the nost efficient
chiller or conbination of chillers based on chiller operating data to
satisfy the cooling | oad. Based on chiller operating data, energy input vs
chilled water output, the chiller with the highest efficiency shall be

sel ected to satisfy the cooling |oad cal cul ated by prediction software.

The program shall cal cul ate equi pnment el ectrical energy input based on
percent full load, current, or other inputs provided, and equi pment

nanepl ate data. The program shall prevent the chiller fromgoing to ful
load for a predeternmined period to allow the systemto stabilize, in order
to determne the actual cooling |load. The programshall follow the chiller
manuf acturer's startup and shutdown sequence requirenents. Interlocks

bet ween chill ed water punps, condenser water punps, and chiller shall be in
accordance with the chiller manufacturer's requirenents.

a. Program | nputs

(1) Efficiency curves.

(2) Chiller water supply tenperatures.

(3) Chiller water return tenperatures.

(4) Chiller water flows.

(5) Entering condenser water tenperatures.

(6) Leaving condenser water tenperatures.

(7) Condenser water flows.

(8) Instantaneous KWto chillers.

(9) Instantaneous KWto chilled water punps (if variable).
(10) Instantaneous KWto condenser water punps (if variable).
(11) Instantaneous KWto cooling tower fans (if variable).
(12) Common chilled water supply tenperatures.

(13) Common chilled water return tenperatures

(14) Total chilled water flow

(15) Chilled water punps status.

(16) Refrigerant pressure, suction and di scharge.
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(17) Equi pnent constraints.
(18) Steam fl ow.

b. Program Qutputs

(1) Start/stop signals for chillers (manual or autonatic to
control panel).

(2) Start/stop signals for chilled water punps (nanual or
automatic to control panel).

(3) Start/stop signals for condenser water punps (manual or
automatic to control panel).

(4) Start/stop signals for cooling tower fans (manual or
automatic to control panel).

(5) Chilled water supply tenperature setpoint control signal
(6) Chiller efficiency.

2.15.10.14 Absorption Chiller Efficiency and Monitoring Program

Chiller programshall be used for nonitoring of chillers and to calcul ate
chiller efficiency. The program shall cal cul ate equi pnent efficiency based
on energy input and output and other inputs provided.

a. Program | nputs

(1) Efficiency curves.

(2) Chiller water supply tenperatures.

(3) Chiller water return tenperatures.

(4) Chiller water flows.

(5) Entering condenser water tenperatures.

(6) Leaving condenser water tenperatures.

(7) Condenser water flows.

(8) Instantaneous steamto chillers.

(9) Instantaneous KWto chilled water punps (if variable).
(10) Instantaneous KWto condenser water punps (if variable).
(11) Instantaneous KWto cooling tower fans (if variable).
(12) Common chilled water supply tenperatures.

(13) Common chilled water return tenperatures.

(14) Total chilled water flow.

(15) Chilled water punps status.

(16) Refrigerant pressure, suction and di scharge.

(17) Equi pnent constraints.

(18) Steam pressure.

(19) Steamflow.

b. Program Qutputs

(1) Chilled water supply tenperatures setpoint control signal.
(2) Chiller efficiency.

2.15.10.15 Chill ed Water Tenperature Reset Program
The software shall reset the chilled water tenperature supplied by a water

chiller. The programshall reset the chilled water tenperature upward or
downward to neet the required space tenperature or humidity setpoints. The
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program shall nonitor the positions of the chilled water control valves
(percent of opening) and space tenperatures.

a. Program I nput:

(1) Chilled water val ve position.

(2) Hghlimt for space dry bulb tenperature.
(3) Chiller supply water tenperature.

(4) High chilled water operating tenperature.
(5) Low chilled water operating tenperature.
(6) Hghlimt for space RH

(7) Equi pnent constraints.

b. Program Qutput: Chilled water supply tenperature setpoint control
signal .

2.15.10.16 Condenser Water Tenperature Reset Program

The software shall reset the condenser water tenperature froma fixed
tenperature downward when the OA wet bulb tenperature will produce | ower
condenser water tenperature. Program shall be coordinated with the chiller
control loop algorithns for chiller supply, return water tenperatures and
safety interl ocks.

a. Program | nputs:

(1) Maxi mum condenser water operating tenperature.

(2) M nimum condenser water operating tenperature.

(3) Condenser water supply tenperature.

(4) OA dry bulb tenperature.

(5) OA RH

(6) Condenser water cooling equi pment thermal approach
characteristics.

(7) Equi pnent constraints.

b. Program Qutput: Condenser water supply tenperature setpoint
control signal.

2.15.10.17 Chiller Demand Limt Program
The software shall |imt maxi num avail able chiller cooling capacity in
fixed steps as shown to limt electrical denand. Each fixed step shall be
considered as one point in the denand |imting program Each chiller
demand control step shall be assigned an equi pnent priority |evel.
a. Program | nputs:

(1) Chiller percent capacity.

(2) Mnimmcooling capacity.

(3) Equipnent priority schedul es.

(4) Equi pnent constraints.

b. Program CQut put
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(1) Calcul ated percent |oad point.
(2) Control signal to chiller controller/panel, new setpoint
(manual or automatic as shown).

2.15.10.18 Hot Water OA Reset Program

The software shall reset the hot water tenperature supplied by the boiler
or converter in accordance with the OA tenperature or other specified

i ndependent - dent variable. The hot water supply tenperature shall be
reset downward or upward froma fixed tenperature proportionally, as a
function of OA tenperature or other specified independent variable.

a. Program | nputs

(1) Reset schedul e.

(2) OA dry bulb tenperature or other specified i ndependent
vari abl e.

(3) Hot water supply tenperature.

(4) Maxi mum hot water supply tenperature.

(5) Mnimm hot water supply tenperature.

(6) Equi pnent constraints.

b. Program Qutput: Valve actuator control signal.
2.15.10.19 Boi l er Monitoring and Control

The software shall remptely nonitor and control boiler operation based on
boi |l er operational data. The program shall nonitor inputs and di scontinue
boil er operation if any nonitored point exceeds a predeterm ned val ue or
changes status incorrectly. The operator shall be able to add or delete

i ndi vidual programinput points fromthe list of points that wll

di sconti nue boil er operation.

a. Program | nputs

(1) Fuel flow

(2) Fuel pressure (natural gas).

(3) Fuel tenperature (heated fuel oil).
(4) Flame status.

(5) Flue gas oxygen.

(6) Flue gas tenperature.

(7) Make-up or feed water flow

(8) Furnace draft.

(9) Flue gas carbon nonoxide (for boilers over 20 million BTUs).
(10) Hot water flow.

(11) Hot water pressure.

(12) Hot water supply tenperature.

(13) Hot water return tenperature.

(14) Hot water BTUs.

(15) Steam flow.

(16) Steam pressure.

(17) Steamtenperature.

(18) Steam BTUs.

(19) Feedwater tenperature.
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(20) Boiler drumlevel.
b. Program Qutputs

(1) Boiler enable/disable control signal.

(2) Boiler enable/disable permssion to boiler operator for
manual control.

(3) Boiler efficiency.

2.15.10.20 Heat Recovery Boiler Efficiency and Mnitoring

The software shall renmptely nonitor and cal cul ate efficiency of heat
recovery boiler operation. The programshall nonitor inputs and alarm
operator if any nonitored point exceeds a predeterm ned val ue or changes
status incorrectly.

a. Program | nputs

(1) Exhaust gas flow (fromgas turbine generator) into boiler.
(2) Exhaust gas tenperature (fromgas turbine generator) into
boi | er.

(3) Flue gas oxygen. (stack)

(4) Flue gas tenperature. (stack)

(5) Make-up flow.

(6) Furnace draft.

(7) Flue gas carbon nonoxide (for boilers over 20 million BTUs).
(8) Hot water flow (hot water boilers).

(9) Hot water pressure (hot water boilers).

(10) Hot water supply tenperature (hot water boilers).

(11) Hot water return tenperature (hot water boilers).

(12) Hot water BTUs (hot water boilers).

(13) Steamflow (steam boilers).

(14) Steam pressure (steam boilers).

(15) Steam BTUs (steam boilers).

(16) Feedwater tenperature (steam boilers).

(17) Boiler drumlevel (steam boilers).

(18) Steamtenperature.

(19) Position of diverter valve.

b. Program Qutput: Heat recovery boiler efficiency
2.15.10.21 Hot Water Distribution Program

The software shall control the hot water distribution tenperature to

i ndi vidual building zones. The zone hot water distribution tenperature
shal |l be reset downward or upward froma fixed tenperature proportionally
as a function of QA tenperature or other specified independent variable by
nodul ati ng the respective zone nixing valve. The zone punp shall be

st opped when the OA tenperature exceeds the specified setpoint. When
paral | el punps are used, the software shall alternate punp operation and
shall start the standby punp (after a tine delay) upon failure of the

operating punp.

a. Program | nputs
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(1) Zone hot water distribution tenperature.
(2) Reset schedul e.
(3) OA dry bulb tenperature or other specified i ndependent
vari abl e.
(4) Maxi mum zone hot water distribution tenperature
(5) Zone punp status.
(6) Equi pnent constraints.
b. Program Qutputs

(1) Zone nixing val ve control
(2) Zone punp start/stop signal (s).

2.15.10. 22 Donesti c Hot Water Generator Program

The software shall control the donestic hot water tenperature by adjusting
the hot water heating control valve.

a. Program | nputs

(1) Donestic hot water tenperature.
(2) Donestic hot water tenperature setpoint.

b. Program Qutput: Hot water heating control valve actuator control
si gnal

2.15.10.23 Li ghting Control Program
The software shall turn lights on and off based on the tine of day and the
day of week, including holidays. The program shall generate additiona
conmands at operator adjustable intervals to assure that lights are off
(relay operated zoned lighting only).
a. Program | nputs
(1) Day of week-holiday.
(2) Tinme of day.
(3) Cooling and heating start-stop schedul es.
(4) Equi pnent status.
(5) Tines of day for additional off conmands (where applicable).
b. Program Qutput: On/off signal
PART 3 EXECUTI ON
3.1 GENERAL | NSTALLATI ON CRI TERI A

3.1.1 HVAC Control System
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The HVAC control systemshall be conpletely installed and ready for
operation. Dielectric isolation shall be provided where dissinlar netals
are used for connection and support. Penetrations through and nounting
holes in the building exterior shall be nade watertight. The HVAC control
systeminstallation shall provide clearance for control system mai ntenance
by mai ntai ni ng access space between coils, access space to mxed-air

pl enuns, and other access space required to calibrate, renove, repair, or
repl ace control system devices. The control systeminstallation shall not
interfere with the clearance requirenents for nechanical and electrica
syst em nmai nt enance.

3.1. 2 Software Installation

Software shall be | oaded for an operational system including databases for
all points, operational paraneters, and system command, and application
software. The Contractor shall provide original and backup copi es of
source, excluding the general purpose operating systens and utility
prograns furnished by conputer nanufacturers and the non-job-specific
proprietary code furnished by the system manufacturer, and object nodul es
for software on each type of nedia utilized, within 30 days of fornal
CGovernment acceptance. |In addition, a copy of individual floppy disks of
software for each DDC panel shall be provided.

3.1.3 Device Mounting Criteria

Devi ces nounted in or on piping or ductwork, on building surfaces, in
nmechani cal /el ectrical spaces, or in occupied space ceilings shall be
installed in accordance with manufacturer's reconmendati ons and as shown.
Control devices to be installed in piping and ductwork shall be provided
wi th required gaskets, flanges, thermal conpounds, insulation, piping,
fittings, and nanual valves for shutoff, equalization, purging, and
calibration. Strap-on tenperature sensing el enents shall not be used
except as specified.

3.1.4 Wring Criteria

Wring external to control panels, including | owvoltage wiring, shall be
installed in netallic raceways. [Nonnetallic-sheathed cables or

netal lic-arnored cables may be installed in areas pernmitted by NFPA 70]

[ ] Wring shall be installed without splices between control devices
and DDC panels. Instrumentation grounding shall be installed as necessary
to prevent ground |oops, noise, and surges from adversely affecting
operation of the system Gound rods installed by the contractor shall be
tested as specified in |EEE Std 142. Cabl es and conductor wires shall be
tagged at both ends, with the identifier shown on the shop draw ngs.

El ectrical work shall be as specified in Section 16415A ELECTRI CAL WORK

| NTERI OR and as shown.

3.2 CONTROL SYSTEM | NSTALLATI ON
3.2.1 Danper Actuators
Actuators shall not be nmounted in the air stream Miltiple actuators

operating a comon danper shall be connected to a conmmon drive shaft.
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Actuators shall be installed so that their action shall seal the danper to
the extent required to nmaintain | eakage at or below the specified rate and
shal | nove the bl ades snoothly.

3.2.2 Local Gauges for Actuators

Pneurmati ¢ actuators shall have an accessible and visible receiver gauge
installed in the tubing |lines at the actuator as shown.

3.2.3 Room I nst runment Mounti ng

Room i nstrunments , such as wall nounted thernostats, shall be nmounted 60
i nches above the floor unless otherwi se shown. Tenperature setpoint
devi ces shall be recess nount ed.

3.2.4 Freezestats

For each 20 square feet of coil face area, or fraction thereof, a
freezestat shall be provided to sense the tenperature at the | ocation
shown. Manual reset freezestats shall be installed in approved, accessible
| ocations where they can be reset easily. The freezestat sensing el ement
shall be installed in a serpentine pattern

3.2.5 Aver agi ng Tenperature Sensing El enents

Sensing el ements shall have a total elenment mninumlength equal to 1
I inear foot per square foot of duct cross-sectional area.

3.2.6 Foundati ons and Housekeepi ng Pads

Foundati ons and housekeepi ng pads shall be provided for the HVAC control
systemair conpressors.

3.2.7 Conpressed Air Stations

The air conpressor assenbly shall be nounted on vibration elimnators, in
accordance with ASME BPVC SEC VIII D1 for tank clearance. The air line
shal |l be connected to the tank with a flexible pipe connector. Conpressed
air station specialties shall be installed with required tubing, including
condensate tubing to a floor drain

3.2.8 Duct Static Pressure Sensing Elements and Transnitters
The duct static pressure sensing elenent and transmitter sensing point
shall be located at 75%to 100% of the di stance between the first and | ast
air termnal units.

3.2.9 I ndication Devices Installed in Piping and Liquid Systens
Gauges in piping systens subject to pulsation shall have snubbers. Gauges
for steam service shall have pigtail fittings with cock. Thernoneters and

tenperature sensing elenents installed in liquid systens shall be installed
in thermwells.
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3.

3

2.10 Tubi ng
.2.10.1 Control SystemlInstallation

The control systemshall be installed so that pneumatic |ines are not
exposed to outside air tenperatures. All tubes and tube bundl es exposed to
view shall be installed neatly in lines parallel to the lines of the
buil di ng. Tubi ng between panels and actuators in nechanical/electrica
spaces shall be routed so that the Iines are easily traceable.

.2.10.2 Pneunmatic Lines In Mechanical/Electrical Spaces

In nechani cal /el ectrical spaces, pneunatic |lines shall be plastic tubing or
copper tubing. Horizontal and vertical runs of plastic tubes or soft
copper tubes shall be installed in raceways dedi cated to tubing. Dedicated
raceways and tubing not installed in raceways shall be supported every 6
feet for horizontal runs and every 8 feet for vertical runs.

.2.10.3 Pneunmatic Lines External To Mechanical/El ectrical Spaces

Tubi ng external to nechanical/electrical spaces, when run in plenum
ceilings, shall be soft copper with sweat fittings. Tubing not in plenum
spaces shall be soft copper with sweat fittings or shall be plastic tubing
in raceways dedicated to tubing. Raceways and tubing not in raceways shal
be supported every 8 feet.

.2.10. 4 Connection to Liquid and Steam Li nes

Tubi ng for connection of sensing elenents and transnmitters to |liquid and
steam | ines shall be [copper] [Series 300 stainless steel] with [brass
conpressi on] [stainless-steel compression] fittings.

.2.10.5 Connection to Ductwork

Tubi ng for connection of sensing elenents and transmtters to ductwork
shal | be plastic tubing.

.2.10.6 Tubing in Concrete

Tubing in concrete shall be installed in rigid conduit. Tubing in walls
containing insulation, fill, or other packing naterials shall be installed
in raceways dedicated to tubing.

.2.10.7 Fi nal Connection to Actuators

Fi nal connections to actuators shall be plastic tubing 12 inches |ong and
unsupported at the actuator

.3 CONTROL SEQUENCES OF OPERATI ON
. 3.1 CGeneral Requirenents - HVAC Systens
These requirenments shall apply to all primary HVAC systens unless nodified

herein. The sequences describe the actions of the control systemfor one
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direction of change in the HVAC process anal og variable, such as
tenperature, humdity or pressure. The reverse sequence shall occur when
the direction of change is reversed.

3.3.1.1 Supply Fan Operating

HVAC system outside air, return air, and relief air danpers shall function
as described for specific nodes of operation [unless control of the danpers
is assuned by the fire and snoke control system Snoke danpers shall open
before fans are allowed to start.] [Interlocked exhaust fans shall be
stopped in the unoccupied and ventilation delay nodes and their danpers
shal |l be closed. Interlocked exhaust fans shall run in the occupi ed node,
and their danpers shall open.] Cooling coil control valves and cooling
coil circulating punps shall function as described for the specific nodes
of operation [unless their control is assuned by the freeze protection
system] Heating coil valves shall be under control

3.3.1.2 Supply Fan Not Operating

When an HVAC systemis stopped, [all interlocked fans shall stop,] [the
snoke danpers shall close,] the outside air and relief air danpers shal
close, the return air danper shall open, all stages of direct-expansion
cooling shall stop, the systemshall punp down if it has a punp down cycle,
hum dification shall stop, and cooling coil valves for coils |ocated

i ndoors shall close to the coil. Cooling coil valves of units |ocated
outdoors shall open to the coil. Heating coil valves shall renain under
control

3.3.1.3 Hydroni c Heating - Distribution Punp Operating
Hydr oni ¢ heat - exchanger val ves shall be under control

3.3.1.4 Hydronic Heating - Distribution Punp Not Qperating
Hydr oni ¢ heat - exchanger val ves shall cl ose.

3.3.2 Perineter Radi ation Control Sequence

Al Mddes - Aroomthernostat, |ocated as shown, shall operate a control
valve to nmmintain the setpoint as shown.

3.3.3 Unit Heater and Cabi net Unit Heater

Al Mdes - A wall-rmounted thernostat with an "AUTO OFF' switch | ocated as
shown, shall cycle the fan to maintain its setpoint as shown when the
switch is in the "AUTO' position. Wen the switch is in the "OFF"
position, the fan shall be stopped.

3.3.4 Gas-Fired Infrared Heater
A m croprocessor-based roomthernostat with "AUTO OFF" switch, |ocated as
shown, shall control the infrared heater. Auto Mdde - VWhen the switch is

in the "AUTO' position, the thernostat shall cycle the infrared heater to
mai ntain the day and ni ght setpoints. Programed occupied times shall be
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consi dered "day" and programed unoccupi ed times shall be considered
"night." Of Mde - Wien the switch is in the "OFF" position, the infrared
heater shall be off.

3.3.5 All-Air Small Package Unitary System

A m croprocessor-based roomthernostat, |ocated as shown, with
"HEAT- OFF- COOL" and "AUTO-ON' switches shall control the system Heating
Mode - Cooling unit shall be off, and heating shall be active. The

t hernostat shall operate the condensing unit and systemfan to maintain the
day and ni ght setpoints as shown. Progranmed occupied tinmes shall be
consi dered "day" and programed unoccupi ed times shall be considered
"night." Cooling Mdde - Heating unit shall be off. During the day the

t hernostat shall operate the condensing units and systemfan to nmaintain
the setpoint. The condensing unit shall be off at night. Of Mde - The
system shall be off. On Mdde - The system fan shall run continuously.
Auto Mbde - The system fan shall operate whenever heating or cooling is
required.

3.3.6 Dual Tenperature Fan-Coil Unit

Al Mddes - A wall-nmounted thernostat, |ocated as shown, shall cycle the
fan to mamintain the setpoint as shown. Wen the fan is on, a 3-way val ve
shall open to the coil. Wen the fan is off, the 3-way val ve shall bypass
the coil. An aquastat shall switch the wall-nobunted thernostat action from
heati ng node to cooling node whenever the hydronic dual -tenperature medi um
is below the setpoint.

3.3.7 Central Plant Hydronic Heating with Steam Hot Water Converter
3.3.7.1 Al Modes

The DDC system shall accept a signal froma sunshielded outside air
tenperature sensing elenent and transmitter |ocated as shown. The DDC
system shall start and stop punp | ] at the outside air tenperatures
shown. The DDC system shall reset the hydronic heating supply tenperature
setpoint in a |linear schedul e based on the outside air tenperature as
shown. The DDC system shall accept a signal froma tenperature sensing

el ement and transmtter located in the hydronic heating supply line and the
DDC system out put shall nodul ate the converter steamcontrol valve to

mai ntain the reset schedule setpoint in the hydronic heating supply |ine.

3.3.7.2 Cccupi ed Mode
When the systemtine schedul e places the systemin the occupi ed node, a
space tenperature sensing elenment and transnitter |ocated as shown shal
signal the DDC system which shall naintain the space tenperature setpoint
by nodul ati ng the secondary hydroni c system zone val ve

3.3.7.3 Unoccupi ed Mode

When the systemis in the unoccupi ed nbde, the space tenperature setpoint
shal | be as shown.
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3.3.8 Singl e Building Hydronic Heating with Hot Water Boiler
3.3.8.1 Al Modes

The DDC system shall accept a signal froma sunshielded outside air
tenperature sensing elenent and transmitter |ocated as shown. The DDC
system shall start and stop distribution punp | ][, boiler punp

[ ]1,] and boiler | ] at the outside air tenperatures shown. The
DDC system shall reset the hydronic heating supply tenperature setpoint in
a linear schedul e based on the outside air tenperature as shown. The DDC
system shal|l accept a signal froma tenperature sensing el enent and
transmtter |located in the hydronic heating supply Iine and the DDC system
out put shall nodul ate the hydronic heating systemcontrol valve to nmaintain
the reset schedule setpoint in the hydronic heating supply |ine.

3.3.8.2 Cccupi ed Mode

When the systemtine schedul e places the systemin the occupi ed node, a
space tenperature sensing elenment and transnitter |ocated as shown shal
signal the DDC system which shall naintain the space tenperature setpoint
shown by nodul ating the secondary hydronic system zone val ve

3.3.8.3 Unoccupi ed Mode

When the systemis in the unoccupi ed nbde, the space tenperature setpoint
shal | be as shown.

3.3.9 Central Plant Hi gh-Tenperature Hot-Water Hydronic Heating
3.3.9.1 Al Modes

The DDC system shall accept a signal froma sunshielded outside air
tenperature sensing elenent and transmitter |ocated as shown. The DDC
system shall start and stop punp | ] at the outside air tenperatures
shown. The DDC system shall reset the hydronic heating supply tenperature
setpoint in a |linear schedul e based on the outside air tenperature as
shown. The DDC system shall accept a signal froma tenperature sensing

el ement and transmtter located in the hydronic heating supply line and the
DDC system out put shall nodul ate the converter high tenperature hot water
control valve to maintain the reset schedule setpoint in the hydronic
heating supply |ine.

3.3.9.2 Cccupi ed Mode
When the systemtine schedul e places the systemin the occupi ed node, a
space tenperature sensing elenment and transnitter |ocated as shown shal
signal the DDC system which shall naintain the space tenperature setpoint
as shown by nobdul ating the secondary hydronic system zone val ve

3.3.9.3 Unoccupi ed Mode

When the systemis in the unoccupi ed nbde, the space tenperature setpoint
shal | be as shown.
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3.3.10 Central Pl ant Dual - Tenperature Hydronic
Heating and Cooli ng Mbdes shall be manual ly sel ected.
3.3.10.1 Heat i ng Mode

When the heating node is selected, the system changeover val ves shall close
to the central plant chilled water flow and shall open to flow through the
converter, and punp [ ] shall be under control of the DDC system The
DDC system shall accept a signal froma sunshielded outside air tenperature
sensing elenent and transmtter |ocated as shown. The DDC system shal

start and stop punp | ] at the outside air tenperatures shown. The DDC
system shall reset the hydronic heating supply tenperature setpoint in a

i near schedul e based on the outside air tenperature. The DDC system shal
accept a signal froma tenperature sensing el enent and transmitter |ocated
in the hydronic heating supply |ine and the DDC system out put shal

nodul ate the converter's steamcontrol valve to naintain the reset schedul e
setpoint in the hydronic heating supply |ine.

3.3.10.2 Cool i ng Mode

When the cooling node is selected, the converter steamvalve shall be
closed. The DDC system shall accept a signal froma tenperature sensing
el ement and transmitter located in the systemreturn. The DDC system shal
continue to operate punp [ ] to circulate water through the system
When the systemreturn water tenperature drops bel ow the setpoint shown,
the DDC system shall allow the changeover valves to close to flow through
the converter and to open to the central plant chilled water flow, and

pl ace the control of punp [ ] under control of the systemtine
schedul e. During the occupied node, punp | ] shall operate
continuously. In the unoccupi ed node, punp | ] shall stop.

3.3.11 Central Plant Hi gh-Tenperature Hot Water Dual - Tenperature Hydronic
Heating and cooli ng nodes shall be manual ly sel ect ed.
3.3.11.1 Heat i ng Mode

When the heating node is selected, the system changeover val ves shall close
to the central plant chilled water flow and shall open to flow through the
converter, and punp [ ] shall be under control of the DDC system The
DDC system shall accept a signal froma sunshielded outside air tenperature
sensing elenent and transmtter |ocated as shown. The DDC system shal

start and stop punp | ] at the outside air tenperatures shown. The DDC
system shall reset the hydronic heating supply tenperature setpoint in a

i near schedul e based on the outside air tenperature as shown. The DDC
system shal|l accept a signal froma tenperature sensing el enent and
transmtter | ocated in the hydronic heating supply |ine and the DDC system
out put shall nodul ate the converter's high-tenperature hot-water control
valve to nmaintain the reset schedule setpoint in the hydronic heating
supply line.

3.3.11.2 Cool i ng Mode
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When the cooling node is selected, the converter high-tenperature hot-water
control valve shall be closed. The DDC system shall accept a signal froma
tenperature sensing elenent and transmitter located in the systemreturn as
shown. The DDC system shall continue to operate punp | ] to circulate
wat er through the system Wen the systemreturn water tenperature drops
bel ow t he setpoint shown, the DDC system shall allow the changeover val ves
to close to flow through the converter and to open to the central plant

chilled water flow, and place the control of punp | ] under control of
the systemtinme schedule. During the occupied node, pump | ] shall
operate continuously. In the unoccupi ed node, punp | ] shall stop.

3.3.12 Si ngl e Buil di ng Dual - Tenper at ure Hydronic
Heating and cooling nodes shall be manually sel ected.
3.3.12.1 Heat i ng Mode

When the heating node is selected, chiller | ] shall be stopped
Distribution punp [ ] shall continue to operate until the expiration of
a tine delay as reconmended by the chiller manufacturer. At the expiration
of the tine delay, the system changeover valves shall close to flow through
the chiller and shall open to flow through the boiler, and distribution
punp [ ] shall be under control of the DDC system The DDC system
shal | accept a signal froma sunshiel ded outside air tenperature sensing

el ement and transmtter |ocated as shown. The DDC systemshall start and
stop the distribution punp [ ][, the boiler pump | 11, and the
boiler | ] at the outside air tenperatures shown. The DDC system shal
reset the hydronic heating supply tenperature setpoint in a |linear schedul e
based on the outside air tenperature as shown. The DDC system shall accept
a signal froma tenperature sensing elenent and transmitter located in the
hydroni ¢ supply line and the DDC system out put shall nodul ate the hydronic
heating systemcontrol valve to nmaintain the reset schedule setpoint in the
hydroni ¢ heating supply |ine.

3.3.12.2 Cool i ng Mode

When the cooling node is selected, the boiler | ] [and the boiler punp
[ ]] shall be stopped. The DDC system shall accept a signal froma
tenperature sensing elenent and transmitter located in the system supply as
shown. The DDC system shall continue to operate the distribution punp

[ ] to circulate water through the systemwth the boiler shut off.
When the system supply water tenperature drops bel ow the setpoint shown,
the DDC system shall allow the changeover valves to close to flow through
the boiler and to open to flow through the chiller, and shall place the
chiller and the distribution punp | ] under control of the systemtine
schedul e. During the occupied node, the distribution punp | ] shall
operate continuously and chiller [ ] shall be permitted to operate
When the control systemis in the unoccupi ed node, chiller [ ] shall
shut down. Distribution punp [ ] shall continue to operate until the
expiration of the tine delay.

3.3.13 Heating and Ventilating Unit

3.3.13.1 Cccupi ed, Unoccupied, and Ventilation Delay Operating Mdes
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Ventilation delay node tinmng shall start prior to the occupi ed node
timng. The DDC system shall prevent the outside air danper from opening.
At the tinme shown, the DDC system shall place the systemin the occupied
node. At the expiration of the ventilation delay node tining period, the
DDC system shall allow the outside air danper to open. At the tine shown,
the DDC system shall place the control systemin the unoccupi ed node of
operation.

3.3.13.2 Qutside Air, Return Air, and Relief Ar Danpers

a. GCccupied Mode - The outside air, return air, and relief air
danpers shall be under space tenperature and econom zer control

b. Unoccupi ed and Ventilation Delay Mddes - The danpers shall return
to their normal positions.

3.3.13.3 Supply Fan Control

a. GCccupied and Ventilation Delay Mddes - Supply fan [ ] shall
start, and shall operate continuously.

b. Unoccupi ed Mbde - The supply fan shall cycle according to the
ni ght setback schedule. The fan shall start and stop at the setpoints as
shown.

3.3.13.4 Filter

The DDC panel shall nonitor the differential pressure switch across the
filter and shall provide an al armwhen the pressure drop exceeds the
set poi nt.

3.3.13.5 Freeze Protection

Al Modes - A freezestat, |ocated as shown, shall stop the supply fan
cause the outside air, return air, and relief air danpers to return to
their nornmal position, and shall initiate a |low tenperature alarmif the
tenperature drops bel ow the freezestat's setpoint. Return to the nornal
node of operation shall require nmanual reset at the freezestat. The DDC
system shall monitor the freezestat through auxiliary contacts and shal

i ndicate an alarm conditi on when the freezestat trips.

3.3.13.6 Space Tenperature Control
A space tenperature sensing elenent and transnmitter operating through the
DDC system shall first gradually shut off the heating coil valve. After
the heating coil valve is fully closed, the DDC system shall then gradually
operate the outside air danper to admt outside air beyond the mni num
guantity to nmaintain the setpoint as shown.

3.3.13.7 Enmer gency Fan Shut down
Al Modes - Snoke Detectors in the supply air and return air ductwork shal

stop the supply fan and initiate a snoke alarmif snoke is detected at
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either location. Restarting the supply fan shall require manual reset at
t he snoke detector.

3.3.14 Miul tizone with Return Fan
3.3.14.1 Cccupi ed, Unoccupied, and Ventilation Delay Modes of Operation

Ventilation delay node tinmng shall start prior to the occupi ed node
timng. The DDC system shall prevent the outside air danper from opening.
At the tinme shown, the DDC system shall place the systemin the occupied
node. At the expiration of the ventilation delay node tining period, the
DDC system shall allow the outside air danper to open. At the tine shown,
the DDC system shall place the control systemin the unoccupi ed node of
operation.

3.3.14.2 Qutside Air, Return Air, and Relief Ar Danpers
a. GCccupied Mdde - The outside air, return air, and relief air
danpers shall [be under mxed air tenperature and economi zer control.]

[open to their m ni mum position.]

b. Unoccupi ed Mbde - The danpers shall return to their nornmal
positions as shown.

c. Ventilation Delay Mbde - The danpers shall return to their nornmal
positions as shown, [except when under econom zer control] | ].

3.3.14.3 Supply Fan and Return Fan Control

a. GCccupied and Ventilation Delay Mddes - Supply fan [
return fan | ] shall start, and shall operate continuously.

] and

b. Unoccupi ed Mbde - The supply fan and the return fan shall cycle
according to the night setback schedule. The fans shall start and stop at
t he setpoints.

3.3.14. 4 Filter

A differential pressure switch across the filter shall initiate a filter
al arm when the pressure drop across the filter reaches the setpoint as
shown.

3.3.14.5 Hot - Deck Heati ng Coi
Al Modes - The DDC system shall nodul ate the control valve fromthe signa
of a tenperature sensing el enent and transnitter located in the discharge
air of the coil to maintain the setpoint. A tenperature sensing el ement
and transmitter in the outside air intake shall reset the hot-deck
tenperature setpoint with respect to the outside air tenperature signal in
a linear schedule as shown.

3.3.14.6 Freeze Protection

Al Modes - A freezestat, |ocated as shown, shall stop the supply and
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return fans, cause the outside air, return air, and relief air danpers to
return to their nornmal position, and shall initiate a |ow tenperature alarm
if the tenperature drops bel ow the freezestat's setpoint. Return to the
normal node of operation shall require nanual reset at the freezestat. The
DDC system shall monitor the freezestat through auxiliary contacts and

shal |l indicate an alarmcondition when the freezestat trips.

3.3.14.7  Col d-Deck Coi

a. GCccupied and Ventilation Delay Mbddes - The control valve shall be
nodul ated by the DDC system fromthe signal of a tenperature sensing
el ement and transmitter located in the coil discharge air to maintain the
set poi nt as shown.

b. Unoccupi ed Mbde - The DDC system shall close the cooling coi
control val ve

3.3.14.8 Econom zer Contr ol

The DDC system shall accept the signal of an outside air tenperature
sensing elenent and transmtter and the signal of a return air tenperature
sensing elenent and transmtter. The DDC system shall performsw tch over
bet ween outside air econom zer control node and mini num outside air nopde.
Until the outside air tenperature rises above the setpoint, the DDC system
shall hold the systemin the mnimum outside air node. Wen the outside
air tenperature rises above the setpoint, the DDC system shall place the
AHU in the econoni zer node or in the mninmumoutside air nobde as deterni ned
by a conparison of the outside air and return air tenperatures in
accordance with the differential tenperature setpoints as shown. Wen the
outside air tenperature is lowwith respect to the return air tenperature,
the AHU shall be in the econom zer nbde. When the DDC system pl aces the
control systemin the mninmum outside air node, the outside air danper
shal |l be open to the m ni mum outdoor air setting.

3.3.14.9 M xed Air Tenperature Contro

When the DDC system places the systemin the econom zer node, it shal
nodul ate the danpers fromthe signal of a tenperature sensing el enent and
transmitter in the mxed air streamto maintain the setpoint as shown.

3.3.14. 10 Zone Danper Control

Al Modes - A space tenperature sensor for each zone shall signal the DDC
systemto gradually operate the zone m xing danper to heat and cool its
respective zone by mxing cold-deck air and hot-deck air to naintain the
setpoint. On a rise in space tenperature, the hot-deck danper shal
gradual Iy cl ose, and the col d-deck danmper shall gradually open

3.3.14. 11 Enmer gency Fan Shut down
Al'l Modes - Snpoke detectors in the supply air and return air ductwork shal
stop the supply fan and the return fan and initiate a snmoke alarmif snoke

is detected at either location. Restarting the supply fan and the return
fan shall require manual reset at the snoke detectors.
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3.3.15 Dual - Duct Multizone with Return Fan
3.3.15.1 Cccupi ed, Unoccupied, and Ventilation Delay Modes of Operation

Ventilation delay node tinmng shall start prior to the occupi ed node
timng. The DDC system shall prevent the outside air danper from opening.
At the tinme shown, the DDC system shall place the systemin the occupied
node. At the expiration of the ventilation delay node tining period, the
DDC system shall allow the outside air danper to open. At the tine shown,
the DDC system shall place the control systemin the unoccupi ed node of
operation.

3.3.15.2 Qutside Air, Return Air, and Relief Ar Danpers

a. GCccupied Mode - The outside air, return air, and relief air
danpers shall [be under mxed air tenperature and economi zer control.]
[open to their m ni mum position.]

b. Unoccupi ed Mbde - The danpers shall return to their normal
positions as shown.

c. Ventilation Delay Mbde - The danpers shall return to their nornmal
positions as shown, [except when under econom zer control] | ].

3.3.15.3 Supply Fan and Return Fan Control

a. GCccupied and Ventilation Delay Mddes - Supply fan [ ] and
return fan | ] shall start, and shall operate continuously.

b. Unoccupi ed Mbde - The supply fan and the return fan shall cycle
according to the night setback schedule. The fans shall start and stop at
t he setpoints as shown.

3.3.15. 4 Filter

A differential pressure switch across the filter shall initiate the filter
al arm when the pressure drop across the filter reaches the setpoint as
shown.

3.3.15.5 Hot - Deck Heati ng Coi

Al Modes - The DDC system shall nodul ate the control valve fromthe signa
of a tenperature sensing elenent and transnitter |ocated in the discharge
air of the coil to maintain the setpoint. A tenperature sensing el ement
and transmitter in the outside air intake shall reset the hot-deck
tenperature setpoint with respect to the outside air tenperature signal in
a linear schedule as shown.

3.3.15.6 Freeze Protection
Al Modes - A freezestat, |ocated as shown, shall stop the supply and

return fans, cause the outside air, return air, and relief air danpers to
return to their nornmal position, and shall initiate a |ow tenperature alarm
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if the tenmperature drops bel ow the freezestat's setpoint as shown. Return
to the normal nobde of operation shall require manual reset at the
freezestat. The DDC systemshall nonitor the freezestat through auxiliary
contacts and shall indicate an alarmcondition when the freezestat trips.

3.3.15. 7 Col d- Deck Cool i ng Coi

a. GCccupied and Ventilation Delay Mbddes - The control valve shall be
nodul ated by the DDC system fromthe signal of a tenperature sensing
el ement and transmitter in the coil discharge air to maintain the setpoint
as shown.

b. Unoccupi ed Mbde - The cooling coil control valve shall be cl osed.
3.3.15.8 Econoni zer Contr ol

The DDC system shall accept the signal of an outside air tenperature
sensing elenent and transmtter and the signal of a return air tenperature
sensing elenent and transmtter. The DDC system shall perform sw tchover
bet ween outside air econom zer control node and mini num outside air nopde.
Until the outside air tenperature rises above the setpoint, the DDC system
shall hold the systemin the mnimum outside air node. Wen the outside
air tenperature rises above the setpoint, the DDC system shall place the
AHU in the econom zer nmode or in the mninumoutside air node, as

determ ned by a conparison of the outside air and return air tenperatures
in accordance with the differential tenperature setpoints. Wen the
outside air tenperature is lowwith respect to the return air tenperature,
the AHU shall be in the econom zer nbde. When the DDC system pl aces the
control systemin the mninmum outside air node, the outside air danper
shal |l be open to the m ni mum outdoor air setting.

3.3.15.9 M xed Air Tenperature Contro

When the DDC system places the AHU in the econom zer node, it shal
nodul ate the danpers fromthe signal of a tenperature sensing el enent and
transmitter in the mxed air streamto maintain the setpoint as shown.

3.3.15.10 Dual - Duct Term nal Box

Al Modes - A space tenperature sensor for each zone shall signal the DDC
systemto gradually operate the control danpers of the dual -duct box to
heat and cool its respective zone by m xing cold-duct air and hot-duct air
to maintain the setpoint as showmm. On a rise in space tenperature, the
hot - duct danper shall gradually close, and the col d-duct danper shal
gradual | y open.

3.3.15.11 Enmer gency Fan Shut down
Al'l Modes - Snpoke detectors in the supply air and return air ductwork shal
stop the supply fan and the return fan and initiate a snmoke alarmif snoke
is detected at either location. Restarting the supply fan and the return
fan shall require manual reset at the snoke detectors.

3.3.16 Bypass Miultizone with Return Fan
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3.3.16.1 Cccupi ed, Unoccupied, and Ventilation Delay Modes of Operation

Ventilation delay node tinmng shall start prior to the occupi ed- node
timng. The DDC system shall prevent the outside air danper from opening.
At the tinme shown, the DDC system shall place the systemin the occupied
node. At the expiration of the ventilation delay node tining period, the
DDC system shall allow the outside air danper to open. At the tine shown,
the DDC system shall place the control systemin the unoccupi ed node of
operation.

3.3.16.2 Qutside Air, Return Air, and Relief air Danpers

a. GCccupied Mode - The outside air, return air, and relief air
danpers shall be under m xed air tenperature and econonizer control

b. Unoccupi ed Mbde - The danpers shall return to their normal
positions as shown.

c. Ventilation Delay Mbde - The danpers shall return to their nornmal
positions as shown, except when under econom zer control

3.3.16.3 Supply Fan and Return Fan Control

a. GCccupied and Ventilation Delay Mddes - Supply fan [ ] and
return fan | ] shall start, and shall operate continuously.

b. Unoccupi ed Mbde - The supply fan and the return fan shall cycle
according to the night setback schedule. The fans shall start and stop at
t he setpoints as shown.

3.3.16. 4 Filter

A differential pressure switch across the filter shall initiate a filter
al arm when the pressure drop across the filter reaches the setpoint as
shown.

3.3.16.5 Freeze Protection

Al Modes - A freezestat, |ocated as shown, shall stop the supply and
return fans, cause the outside air, return air, and relief air danpers to
return to their nornmal position, and shall initiate a |ow tenperature alarm
if the tenperature drops bel ow the freezestat's setpoint. Return to the
normal node of operation shall require nanual reset at the freezestat. The
DDC system shall monitor the freezestat through auxiliary contacts and

shal |l indicate an alarmcondition when the freezestat trips.

3.3.16.6 Cold Deck Coi
a. GCccupied and Ventilation Delay Mbddes - The control valve shall be
nodul ated by the DDC system fromthe signal of a tenperature sensing

el ement and transmitter located in the coil discharge air to maintain the
set poi nt as shown.
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b. Unoccupi ed Mbde - The DDC system shall close the cooling coi
control val ve

3.3.16. 7 Econom zer Contr ol

The DDC system shall accept the signal of an outside air tenperature
sensing elenent and transmtter and the signal of a return air tenperature
sensing elenent and transmtter. The DDC system shall perform sw tchover
bet ween outside air econom zer control node and mi ni num outside air nopde.
Until the return air tenperature rises above the setpoint, the DDC system
shall hold the systemin the mnimumoutside air node. Wen the return air
tenperature rises above the setpoint, the DDC system shall place the AHU in
t he econoni zer node or in the mnimumoutside air node, as determ ned by a
conparison of the outside air and return air tenperatures in accordance
with the differential tenperature setpoints. Wen the outside air
tenperature is lowwith respect to the return air tenperature, the AHU
shall be in the econom zer nbpde. When the DDC system pl aces the control
systemin the mnimum outside air node, the outside air danper shall be
open to the m ni mum outdoor air setting.

3.3.16.8 M xed Air Tenperature Contro

When the DDC system places the systemin the econom zer node, it shal
nodul ate the danpers fromthe signal of a tenperature sensing el enent and
transmitter in the mxed air streamto maintain the setpoint as shown.

3.3.16.9 Zone Control

Al Modes - A space tenperature sensor for each zone shall signal the DDC
systemto gradually operate the zone m xi ng danper and heating coil to heat
and cool its respective zone by mxing cold-deck air and bypass-deck air to
mai ntain the setpoint as shown. On a rise in space tenperature the heating
coil valve shall gradually close and after a deadband as shown, the bypass
danper shall gradually close, and the cold deck damper shall gradually open

3.3.16.10 Enmer gency Fan Shut down

Al Modes - Snpoke detectors in the supply air and return air ductwork shal
stop the supply fan and the return fan and initiate a snmoke alarmif snoke
is detected at either location. Restarting the supply fan and the return
fan shall require manual reset at the snoke detectors.

3.3.17 Variable Air Volune Control Sequence wi thout Return Fan
3.3.17.1 Cccupi ed, Unoccupied, and Ventilation Delay Modes of Operation

Ventilation delay node tinmng shall start prior to the occupi ed node
timng. During ventilation delay node, the danpers shall remain in their
normal positions as shown, except when under econom zer control. At the
time shown, the DDC system shall place the systemin the occupi ed node. At
the expiration of the ventilation delay node timng period, the DDC system
shal | place the m ni mum outside air danper under mininumoutside air flow
control and shall place the econonizer outside air, return air, and relief
ai r danpers under econom zer control and nixed air tenperature. At the
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time shown, the DDC system shall place the control systemin the unoccupied
node of operation and all danpers shall return to their normal positions as
shown.

3.3.17.2 Supply Fan Control

a. GCccupied and Ventilation Delay Mddes - Supply fan [ ] shall
start, and operate continuously.

b. Unoccupi ed Mbde - The supply fan shall cycle according to the
ni ght setback schedule. The fan shall start and stop at the setpoints as
shown.

3.3.17.3 Supply Duct Pressurization Control

When the supply fan starts, the DDC system shall nodulate the inlet vanes
fromthe signal of a static pressure sensing el enent and transmitter to

mai ntain the setpoint as shown. A high limt static pressure switch in the
fan di scharge shall stop the supply fan and initiate a high static alarm
when the static pressure exceeds the setpoint. Wen the fan is off, the
inlet vanes shall be cl osed.

3.3.17. 4 Filters
A differential pressure switch across each filter shall initiate a filter
al arm when the pressure drop across the filter reaches the setpoint as
shown.

3.3.17.5 Freeze Protection

Al Modes - A freezestat, |ocated as shown, shall stop the supply fan
cause the outside air, return air, and relief air danpers to return to

their nornmal position, and shall initiate a |low tenperature alarmif the
tenperature drops bel ow the freezestat's setpoint as shown. The DDC system
shal |l nonitor the freezestat through auxiliary contacts and shall indicate

an alarmcondition when the freezestat trips.
3.3.17.6 Cool i ng Coi
a. GCccupied and Ventilation Delay Mbdes - The cooling coil control
val ve shall be nmpodul ated by the DDC system fromthe signal of a tenperature
sensing elenent and transmitter located in the coil discharge air to
mai ntai n the setpoint as shown.

b. Unoccupi ed Mbde - The cooling coil control valve shall renmain
cl osed.

3.3.17. 7 M ni nrum Qut side Air Fl ow Control
a. GCccupied Mode - The mni num outside air danper shall be nodul at ed
to maintain the mnimumoutside air flow at setpoint, as sensed by an air

fl ow neasurenent station located in the mni num outside air duct.

b. Unoccupied and Ventilation Delay Modes - The m ni mum outside air
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danper shall remain closed
3.3.17.8 Econom zer and M xed Air Tenperature Contro

The DDC system shall accept the signal of an outside air tenperature
sensing elenent and transmtter and the signal of a return air tenperature
sensing elenent and transmtter. Wen the return air tenperature is above
t he econoni zer setpoint, and the outside air tenperature is sufficiently
bel ow the return air tenperature to be effective for cooling, the DDC
system shall place the AHU in the econom zer node by nodul ating the

econom zer outside air, relief air, and the return air danpers to maintain
the m xed air tenperature at setpoint. As the economni zer outside air and
relief air danpers open, the return air danper closes. Wen the systemis
not in econom zer nobde, the econom zer outside air and relief air danpers
shall remain closed and the return air danper shall renmin open

3.3.17.9 Pressure | ndependent Terninal VAV Box with Velocity Controller

Al Modes - The control danper of the VAV box shall nodulate in response to
the signal froma flow sensing el ement at the discharge or inlet of the VAV
box to a mcroprocessor based VAV box velocity controller. The velocity
controller shall control the box danper fromthe minimmflow position to
the full flow position fromthe signal of a space tenperature sensing

el ement | ocated as shown. When the space tenperature decreases, the danper
shall gradually close to the minimumflow position to nmaintain the cooling
setpoint as shown. Wen the space tenperature calls for heating after the
m ni mum fl ow position is reached, control shall then pass through a
tenperature dead band as shown. Wen the space tenperature has dropped

t hrough the dead band, the duct heater coil shall be gradually controlled
to maintain the heating setpoint as shown.

3.3.17.10 Fan Powered Tern nal VAV Box

a. Series Fan Powered Terminal Box. All Mdes - The VAV box fan
shal | be energized froman upstream duct pressure switch confirmng HVAC
system fan operation. A space tenperature sensing elenment, |ocated as
shown, acting through a m croprocessor based VAV box controller, shal
nodul ate the supply air control danper, mxing the supply air and
recirculating roomair to provide a constant volune of air to the space to
mai ntain the cooling set point as shown until the supply air danper closes
to minimumsupply air flow. \When the space tenperature calls for heat
after the supply air danmper is closed to mnimumflow and the VAV box is in
maxi mum recircul ation, control shall then pass through the tenperature dead
band. When the space tenperature has dropped through the tenperature dead
band, the duct heater coil shall be gradually controlled to naintain the
heati ng setpoint.

b. Parallel Fan Powered Term nal VAV Box. All Mdes - A space
tenperature sensing elenent, |located as shown, acting through a
m croprocessor based VAV box controller, shall nodulate the supply air
control danmper to mmintain the cooling setpoint as shown until the supply
air danmper closes to mininumsupply air flow. Wen the space tenperature
calls for heat after the supply air danper is closed to m nimum fl ow,
control shall then pass through the tenperature deadband, and the VAV box

SECTI ON 15951A Page 85



Ful ly Contained Small Arns Range, WPAFB A03R0005
Amendnent 4

fan shall be energized. Wen the space tenperature has dropped through a
second tenperature deadband, the duct heater coil shall be gradually
controlled to maintain the heating setpoint.

3.3.17. 11 Enmer gency Fan Shut down

Al Modes - Snpoke detectors in the supply air and return air ductwork shal
stop the supply fan and initiate a snoke alarmif snoke is detected at
either location. Restarting the supply fan shall require manual reset at
t he snoke detector.

3.3.18 Variable Air Volune Control Sequence with Return Fan
3.3.18.1 Cccupi ed, Unoccupied, and Ventilation Delay Modes of Operation

Ventilation delay node tinmng shall start prior to the occupi ed node
timng. During ventilation delay node, the danpers shall remain in their
normal positions as shown, except when under econom zer control. At the
time shown, the DDC system shall place the systemin the occupi ed node. At
the expiration of the ventilation delay node timng period, the DDC system
shal | place the m ni mum outside air danper under mininumoutside air flow
control and shall place the econonizer outside air, return air, and relief
ai r danpers under econom zer and mixed air tenmperature control. At the
time shown, the DDC system shall place the control systemin the unoccupied
node of operation and danpers shall return to their normal positions as
shown.

3.3.18.2 Fan Contr ol

a. GCccupied and Ventilation Delay Mddes - Supply fan and return fan
shal | operate continuously.

b. Unoccupi ed Mbde - The supply fan and the return fan shall cycle
according to the night setback schedule. The fans shall start and stop at
t he setpoints as shown.

3.3.18.3 Supply Duct Pressurization Control

When the supply fan starts, the DDC system shall nodul ate the inlet vanes
fromthe signal of a static pressure sensing el enent and transmitter to

mai ntain the setpoint as shown. A high limt static pressure switch in the
fan di scharge shall stop the supply fan and the return fan and initiate a
high static alarmwhen the static pressure exceeds the setpoint. Wen the
fans are off, the inlet vanes shall be closed.

3.3.18.4 Return Fan Vol une Control

When the return fan starts, the DDC system shall nodulate the return fan
inlet vanes fromthe signals of an air flow neasurenment station and
transmitter in the return air ductwork, in conbination with an air flow
neasurenent station and transmtter in the supply air ductwork, to maintain
a constant difference between supply air and return air flow rates as shown.

3.3.18.5 Filters
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A differential pressure switch across each filter shall initiate a filter
al arm when the pressure drop across the filter reaches the setpoint as
shown.

3.3.18.6 Freeze Protection

A freezestat, |ocated as shown, shall stop the supply and return fans,
cause the outside air, return air, and relief air danpers to return to

their nornmal position, and shall initiate a |low tenperature alarmif the
tenperature drops bel ow the freezestat's setpoint as shown. The DDC system
shall nonitor the freezestat through auxiliary contacts and shall indicate

an alarmcondition when the freezestat trips.
3.3.18.7 Cooling Coil Control

a. GCccupied and Ventilation Delay Mbdes - The cooling coil control
val ve shall be nmpodul ated by the DDC system fromthe signal of a tenperature
sensing elenent and transmitter located in the coil discharge air to
mai ntai n the setpoint as shown.

b. Unoccupi ed Mbde - The cooling coil control valve shall renmain
cl osed.

3.3.18.8 M ni mum CQut si de Air Fl ow Control

a. Cccupied Mode - The mni num outside air danper shall be nodul at ed
to maintain the mnimumoutside air flow at setpoint, as sensed by an air
fl ow nmeasurenment station |ocated in the minimumoutside air duct.

b. Unoccupied and Ventilation Delay Modes - The m ni mum outside air
danper shall remain closed

3.3.18.9 Econom zer and M xed Air Tenperature Contro

The DDC system shall accept the signal of an outside air tenperature
sensing elenent and transmtter and the signal of a return air tenperature
sensing elenent and transmtter. Wen the return air tenperature is above
t he econoni zer setpoint, and the outside air tenmperature is sufficiently
bel ow the return air tenperature to be effective for cooling, the DDC
system shall place the AHU in the econom zer node by nodul ating the

econom zer outside air, relief air, and the return air danpers to maintain
the m xed air tenperature at setpoint. As the economni zer outside air and
relief air danpers open, the return air danper closes. Wen the systemis
not in econom zer nobde, the econom zer outside air and relief air danpers
shall remain closed and the return air danper shall renmin open

3.3.18.10 Pressure | ndependent Terninal VAV Box with Velocity Controller

Al Modes - The control danper of the VAV box shall nodulate in response to
the signal froma flow sensing el ement at the discharge or inlet of the VAV
box to a mcroprocessor based VAV box velocity controller. The velocity
controller shall control the box danper fromthe nminimmflow position to
the full flow position fromthe signal of a space tenperature sensing
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el ement | ocated as shown. When the space tenperature decreases, the danper
shall gradually close to the minimumfl ow position to nmaintain the cooling
setpoint as shown. Wen the space tenperature calls for heating after the
m ni mum fl ow position is reached, control shall then pass through a
tenperature dead band as shown. Wen the space tenperature has dropped

t hrough the dead band, the duct heater coil shall be gradually controlled
to maintain the heating setpoint as shown.

3.3.18. 11 Fan Powered Tern nal VAV Box

a. Series Fan Powered Terminal Box. All Mdes - The VAV box fan
shal | be energized froman upstream duct pressure switch confirmng HVAC
system fan operation. A space tenperature sensing elenment, |ocated as
shown, acting through a m croprocessor based VAV box controller, shal
nodul ate the supply air control danper, mxing the supply air and
recirculating roomair to provide a constant volune of air to the space to
mai ntain the cooling set point as shown until the supply air danper closes
to minimumsupply air flow. \When the space tenperature calls for heat
after the supply air danper is closed to mnimumflow and the VAV box is in
maxi mum recircul ati on, control shall then pass through the tenperature dead
band. When the space tenperature has dropped through the tenperature dead
band, the duct heater coil shall be gradually controlled to naintain the
heati ng setpoint.

b. Parallel Fan Powered Term nal VAV Box. All Mdes - A space
tenperature sensing elenent, |located as shown, acting through a
nm croprocessor based VAV box controller, shall nodulate the supply air
control danper to mmintain the cooling setpoint as shown until the supply
air danmper closes to mininumsupply air flow. Wen the space tenperature
calls for heat after the supply air danper is closed to m nimum fl ow,
control shall then pass through the tenperature deadband, and the VAV box
fan shall be energized. Wen the space tenperature has dropped through a
second tenperature deadband, the duct heater coil shall be gradually
controlled to maintain the heating setpoint.

3.3.18.12 Enmer gency Fan Shut down

Al Modes - Snpoke detectors in the supply air and return air ductwork shal
stop the supply fan and the return fan and initiate a snmoke alarmif snoke
is detected at either location. Restarting the supply fan and the return
fan shall require manual reset at the snoke detector

3.3.19 Singl e Zone with Hydronic Heating/ Cooling Coils No Return Fan
3.3.19.1 Cccupi ed, Unoccupied, and Ventilation Delay Modes of Operation

Ventilation delay node tinmng shall start prior to the occupi ed node
timng. The DDC system shall prevent the outside air danper from opening.
At the tinme shown, the DDC system shall place the systemin the occupied
node. At the expiration of the ventilation delay node tining period, the
DDC system shall allow the outside air danper to open. At the tine shown,
the DDC system shall place the control systemin the unoccupi ed node of
operation.
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3.3.19.2 Qutside Air, Return Air, and Relief Ar Danpers

a. GCccupied Mode - The outside air, return air, and relief air
danpers shall be under space tenperature and econom zer control

b. Unoccupi ed Mbde - The danpers shall return to their normal
posi tions.

c. Ventilation Delay Mbde - The danpers shall return to their nornmal
posi tions, except when under econonizer control

3.3.19.3 Supply Fan Control

a. GCccupied and Ventilation Delay Mddes - Supply fan [ ] shall
start, and shall operate continuously.

b. Unoccupi ed Mbde - The supply fan shall cycle according to the
ni ght setback schedule. The fan shall start and stop at the setpoints.

3.3.19.4 Filter

A differential pressure switch across the filter shall initiate a filter
al arm when the pressure drop across the filter reaches the setpoint.

3.3.19.5 Freeze Protection

Al Modes - A freezestat, |ocated as shown, shall stop the supply fan
cause the outside air, return air, and relief air danpers to return to
their nornmal position, and shall initiate a |low tenperature alarmif the
tenperature drops bel ow the freezestat's setpoint. Return to the nornal
node of operation shall require nmanual reset at the freezestat. The DDC
system shall monitor the freezestat through auxiliary contacts and shal

i ndicate an alarm conditi on when the freezestat trips.

3.3.19.6 Hydr oni ¢ Cool i ng Coi

a. GCccupied and Ventilation Delay Mbdes - The control valve shall be
nodul ated by the DDC system fromthe signal of a space tenperature sensor

b. Unoccupi ed Mbde - The DDC system shall close the cooling coi
control val ve

3.3.19.7 Econom zer Contr ol

The DDC system shall accept the signal of an outside air tenperature
sensing elenent and transmtter and the signal of a return air tenperature
sensing elenent and transmtter. The DDC system shall perform sw tchover
bet ween outside air econom zer control nopde and mi ni num outside air nopde.
Until the return air tenperature rises above the setpoint, the DDC system
shall hold the systemin the mnimumoutside air node. Wen the return air
tenperature rises above the setpoint, the DDC system shall place the AHU in
t he econoni zer node or in the mnimumoutside air node, as determ ned by a
conparison of the outside air and return air tenperatures in accordance
with the differential tenperature setpoints. Wen the outside air
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tenperature is lowwith respect to the return air tenperature, the AHU

shall be in the econom zer nbpde. When the DDC system pl aces the control
systemin the mnimum outside air node, the outside air danper shall be
open to the m ni mum outdoor air setting.

3.3.19.8 Space Tenperature Sequenced Heating and Cool i ng Control

When the DDC systemis in the econom zer node, it shall maintain the
setpoint fromthe signal of a space tenperature sensor and transnitter. On
arise in space tenperature, the DDC systemshall first gradually close the
heating coil valve. After passing through a deadband, the DDC system shal
gradual |y operate the outside air danper to admt outside air beyond the

m ni mum quantity and after the outside air danper is fully open the DDC
system shall then operate the cooling coil valve to nmaintain the setpoint.
When the DDC systemis in the mininumoutside air node, the outside air
danper shall be open to the minimumoutside air setting. On arise in
space tenperature, the DDC systemshall first gradually close the heating
coil valve. After passing through a deadband, the DDC system shall then
gradual |y open the cooling coil valve to naintain the setpoint.

3.3.19.9 Enmer gency Fan Shut down

Al'l Modes - Snpoke detectors in the supply air and return air ductwork shal
stop the supply fan and initiate a snoke alarmif snoke is detected at
either location. Restarting the supply fan shall require manual reset at
t he snoke detector.

3.3.20 Singl e Zone with Dual - Tenperature Coil; No Return Fan

3.3.20.1 Cccupi ed, Unoccupied, and Ventilation Delay Modes of Operation
Ventilation delay node tinmng shall start prior to the occupi ed node
timng. The DDC system shall prevent the outside air danper from opening.
At the tinme shown, the DDC system shall place the systemin the occupied
node. At the expiration of the ventilation delay node tining period, the
DDC system shall allow the outside air danper to open. At the tine shown,
the DDC system shall place the control systemin the unoccupi ed node of
operation.

3.3.20.2 Qutside Air, Return Air, and Relief Ar Danpers

a. GCccupied Mode - The outside air, return air, and relief air
danpers shall be under space tenperature and economi zer control

b. Unoccupi ed Mbde - The danpers shall return to their normal
posi tions.

c. Ventilation Delay Mbde - The danpers shall return to their nornmal
posi tions, except when under econonizer control

3.3.20.3 Supply Fan Control

a. GCccupied and Ventilation Delay Mddes - Supply fan [ ] shall
start, and shall operate continuously.
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b. Unoccupi ed Mbde - The supply fan shall cycle according to the
ni ght setback schedule. The fan shall start and stop at the setpoints as
shown.

3.3.20.4 Filter

A differential pressure switch across the filter shall initiate a filter
al arm when the pressure drop across the filter reaches the setpoint as
shown.

3.3.20.5 Freeze Protection

Al Modes - A freezestat, |ocated as shown, shall stop the supply fan
cause the outside air, return air, and relief air danpers to return to
their nornmal position, and shall initiate a |low tenperature alarmif the
tenperature drops bel ow the freezestat's setpoint. Return to the nornal
node of operation shall require nmanual reset at the freezestat. The DDC
system shall monitor the freezestat through auxiliary contacts and shal

i ndicate an alarmconditi on when the freezestat trips.

3.3.20.6 Dual - Tenperature Coil Changeover Control

The DDC panel shall select the heating and cooling nodes based on input
froma tenperature sensor and transnitter located in the dual -tenperature
supply. Wen the dual -tenperature supply tenperature is above the
setpoint, the DDC panel shall operate the dual -tenperature coil valve as a
heating coil valve in sequence with the outside air, return air, and relief
air danpers. \When the dual -tenperature supply tenperature is below the
setpoint, the DDC system shall operate the dual -tenperature coil valve as a
cooling coil valve in sequence with the outside air, return air, and relief
ai r dampers.

3.3.20. 7 Econom zer Contr ol

The DDC system shall accept the signal of an outside air tenperature
sensing elenent and transmtter and the signal of a return air tenperature
sensing elenent and transmtter. The DDC system shall perform sw tchover
bet ween outside air econom zer control node and mi ni num outside air node.
Until the return air tenperature rises above the setpoint, the DDC system
shall hold the systemin the mnimumoutside air node. Wen the return air
tenperature rises above the setpoint, the DDC system shall place the AHU in
t he econoni zer node or in the mnimumoutside air node, as determ ned by a
conparison of the outside air and return air tenperatures in accordance
with the differential tenperature setpoints. Wen the outside air
tenperature is lowwith respect to the return air tenperature, the AHU
shall be in the econom zer nbpde. When the DDC system pl aces the control
systemin the mnimum outside air node, the outside air danper shall be
open to the m ni mum outdoor air setting.

3.3.20.8 Space Tenperature Sequenced Heating Control
When the DDC systemis in the econom zer node, it shall maintain the

setpoint fromthe signal of a space tenperature sensor and transnitter. On
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arise in space tenperature, the DDC systemshall first gradually close the
coil valve. After passing through a deadband, the DDC system shall then
gradual |y operate the outside air danper to admit outside air beyond the

m ni mum quantity to maintain the setpoint as shown. Wen the DDC systemis
in the mninmmoutside air node, the outside air danper shall be open to
the mnimumoutside air setting. On a rise in space tenperature, the DDC
system shall gradually close the coil valve to maintain the setpoint as
shown.

3.3.20.9 Space Tenperature Sequenced Cooling Control

When the DDC systemis in the econom zer node, it shall maintain the
setpoint fromthe signal of a space tenperature sensor and transnitter. On
arise in space tenperature, the DDC systemshall first gradually open the
outside air danper to admit outside air beyond the m nimum quantity. Wen
the outside air danmper is fully open, on a further rise in space
tenperature, the DDC system shall gradually open the coil valve. Wen the
DDC systemis in the mnimumoutside air node, the outside air danper shal
be open to the mninmumoutside air setting. On a rise in space
tenperature, the DDC system shall gradually open the coil valve to maintain
t he setpoint.

3.3.20.10 Enmer gency Fan Shut down
Al'l Modes - Snpoke detectors in the supply air and return air ductwork shal
stop the supply fan and initiate a snoke alarmif snoke is detected at
either location. Restarting the supply fan shall require manual reset at
t he snoke detector.
3.3.21 Singl e Zone Control with Humidity Control; No Return Fan
3.3.21.1 Cccupi ed, Unoccupied, and Ventilation Delay Modes of Operation
Ventilation delay node tinmng shall start prior to the occupi ed node
timng. The DDC system shall prevent the outside air danper from opening.
At the tinme shown, the DDC system shall place the systemin the occupied
node. At the expiration of the ventilation delay node tining period, the
DDC system shall allow the outside air danper to open. At the tine shown,
the DDC system shall place the control systemin the unoccupi ed node of
operation.
3.3.21.2 Qut side Air Danper
a. Cccupied Mdde - The outside air danper shall open
b. Unoccupi ed and Ventilation Delay Mddes - The danper shall cl ose.
3.3.21.3 Supply Fan Control

a. GCccupied and Ventilation Delay Mddes - Supply fan [ ] shall
start, and shall operate continuously.

b. Unoccupi ed Mbde - The supply fan shall cycle according to the
ni ght setback schedule. The fan shall start and stop at the setpoints.
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3.3.21. 4 Filter

Differential pressure switch across the filter shall initiate a filter
al arm when the pressure drop across the filter reaches the setpoint.

3.3.21.5 Qutside Air Preheat-Coil Control

Al Modes - The DDC system shall nodul ate the control valve fromthe signa
of a tenperature sensing elenent and transnmitter in the coil discharge air
to maintain the setpoint.

3.3.21.6 Freeze Protection

Al Modes - A freezestat, |ocated as shown, shall stop the supply fan
cause the outside air, return air, and relief air danpers to return to
their nornmal position, and shall initiate a |low tenperature alarmif the
tenperature drops bel ow the freezestat's setpoint. Return to the nornal
node of operation shall require nmanual reset at the freezestat. The DDC
system shall monitor the freezestat through auxiliary contacts and shal

i ndicate an alarmconditi on when the freezestat trips.

3.3.21.7 Cool i ng Coi

a. GCccupied and Ventilation Delay Mbdes - The DDC system shal
conpare the signals of a space tenperature sensor/transnmtter and space
relative hum dity sensor/transmtter to operate the cooling coil valve
Based on the hi ghest signal received, the DDC system shall nodul ate the
valve to nmmintain space tenperature or space relative humdity.

b. Unoccupi ed Mbde - The DDC system shall close the cooling coi
control val ve

3.3.21.8 Hum dity Contro

a. GCccupied Mode - The DDC system shall accept the signals froma
space relative humdity sensor and a duct relative hunidity sensor to
control the hum difier valve and the cooling coil valve. The DDC system
shal |l gradually open the cooling coil valve in the event that the space
relative humdity continues to rise after the humdifier valve is closed.
The DDC system shall gradually operate the hum difier valve fromthe signa
of a space relative humdity sensor/transmtter to naintain relative
hum dity setpoint. The DDC systemshall receive a signal froma relative
hum dity sensor/transmtter in the ductwork downstream of the humdifier
and shall Iimt the relative humdity at that point to a high-limt
relative hum dity setpoint.

b. Unoccupi ed and Ventil ati on Del ay Modes - The humidifier valve
shal | be cl osed.

3.3.21.9 Const ant Tenperature Hydronic Heating Control
Al Mddes - The DDC system shall accept a signal froma tenperature sensing

element and transmitter in the heating supply line, and shall nodul ate the
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systemcontrol valve to maintain the setpoint.
3.3.21.10 Reheat

Al Mddes - The DDC system shall gradually close the reheat coil valve on a
rise in space tenperature to maintain the setpoint.

3.3.21.11 Enmer gency Fan Shut down
Al Modes - Snpoke detectors in the supply air and return air ductwork shal
stop the supply fan and initiate a snoke alarmif snoke is detected at

either location. Restarting the supply fan shall require manual reset at
t he snoke detector.

3.3.22 Si ngl e Zone Hydronic Heating and Direct Expansion Cooling Coi

3.3.22.1 Cccupi ed, Unoccupi ed, and Ventil ati on Del ay Modes
Ventilation delay node tinmng shall start prior to the occupi ed node
timng. The DDC system shall prevent the outside air danper from opening.
At the tinme shown, the DDC system shall place the systemin the occupied
node. At the expiration of the ventilation delay node tining period, the
DDC system shall allow the outside air danper to open. At the tine shown,
the DDC system shall place the control systemin the unoccupi ed node of
operation.

3.3.22.2 Qutside Air, Return Air, and Relief Ar Danpers

a. GCccupied Mode - The outside air, return air, and relief air
danpers shall be under m xed air tenperature and econonizer control

b. Unoccupi ed Mbde - The danpers shall return to their nornmal
posi tions.

c. Ventilation Delay Mbde - The danpers shall return to their nornmal
posi tions, except when under econonizer control

3.3.22.3 Supply Fan Control

a. GCccupied and Ventilation Delay Mddes - Supply fan [ ] shall
start and shall operate continuously.

b. Unoccupi ed Mode - The supply fan shall cycle according to the
ni ght setback schedule. The fan shall start and stop at the setpoints
shown.

3.3.22. 4 Filter

A differential pressure switch across the filter shall initiate a filter
al arm when the pressure drop across the filter reaches the setpoint.

3.3.22.5 Freeze Protection

Al Modes - A freezestat, |ocated as shown, shall stop the supply fan
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cause the outside air, return air, and relief air danpers to return to
their nornmal position, and shall initiate a |low tenperature alarmif the
tenperature drops bel ow the freezestat's setpoint. Return to the nornal
node of operation shall require nmanual reset at the freezestat. The DDC
system shall monitor the freezestat through auxiliary contacts and shal

i ndicate an alarm conditi on when the freezestat trips.

3.3.22.6 Di rect Expansi on Cooling Coi

a. GCccupied and Ventilation Delay Mbdes - The stages of cooling shal
be controll ed according to the space tenperature.

b. Unoccupi ed Mbde - Cooling shall be off.
3.3.22. 7 Econoni zer Contr ol

The DDC system shall accept the signal of an outside air tenperature
sensing elenent and transmtter and the signal of a return air tenperature
sensing elenent and transmtter. The DDC system shall perform sw tchover
bet ween outside air econom zer control node and mini num outside air nopde.
Until the return air tenperature rises above the setpoint, the DDC system
shall hold the systemin the mnimum outside air node. Wen the return air
tenperature rises above the setpoint, the DDC system shall place the AHU in
t he econoni zer node or in the mnimumoutside air node, as determ ned by a
conparison of the outside air and return air tenperatures in accordance
with the differential tenperature setpoints. Wen the outside air
tenperature is lowwith respect to the return air tenperature, the AHU
shall be in the econom zer nbpde. When the DDC system pl aces the control
systemin the mnimum outside air node, the outside air danper shall be
open to the m ni mum outdoor air setting.

3.3.22.8 Space Tenperature Sequenced Heating and Cool i ng Control

When the DDC systemis in the econom zer node, it shall maintain the
setpoint as shown fromthe signal of a space tenperature sensor and
transmitter. On arise in space tenperature, the DDC system shall first
gradual ly close the heating coil valve. After passing through a deadband,
the DDC system shall gradually operate the outside air danper to admt
outside air beyond the m nimum quantity and after the outside air danper is
fully open the DDC system shall operate the stages of cooling in sequence.
When the DDC systemis in the mininumoutside air node, the outside air
danper shall be open to the minimumoutside air setting. On arise in
space tenperature, the DDC systemshall first gradually close the heating
coil valve. After passing through a deadband, the DDC system shall operate
t he stages of cooling in sequence.

3.3.22.9 Enmer gency Fan Shut down
Al'l Modes - Snpoke detectors in the supply air and return air ductwork shal
stop the supply fan and initiate a snoke alarmif snoke is detected at
either location. Restarting the supply fan shall require manual reset at
t he snoke detector.

3.4 COWM SSI ONI NG PROCEDURES
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3.4.1 Eval uati ons

The Contractor shall make the observations, adjustnents, calibrations,
neasurenents, and tests of the control systens, set the tinme schedule, and
make any necessary control systemcorrections to ensure that the systens
function as described in the sequence of operation

3.4.1.1 I t em Check

Signal levels shall be recorded for the extreme positions of each
controlled device. An itemby-itemcheck of the sequence of operation
requi renents shall be perforned using Steps 1 through 4 in the specified
control system conm ssioning procedures. Steps 1, 2, and 3 shall be
performed with the HVAC system shut down; Step 4 shall be perforned after
t he HVAC systens have been started. External input signals to the DDC
system (such as starter auxiliary contacts, and external systens) nay be
simulated in steps 1, 2, and 3. Wth each operational node signal change,
DDC system out put relay contacts shall be observed to ensure that they
functi on.

3.4.1.2 Weat her Dependent Test Procedures

Weat her dependent test procedures that cannot be perforned by sinulation
shall be perforned in the appropriate clinmatic season. Wen sinulation is
used, the actual results shall be verified in the appropriate season

3.4.1.3 Two- Poi nt Accuracy Check

A two-point accuracy check of the calibration of each HVAC control system
sensing elenent and transmtter shall be performed by conparing the DDC
system readout to the actual value of the variable neasured at the sensing
el ement and transmtter or airfl ow neasurenent station location. Digita

i ndicating test instruments shall be used, such as digital thernoneters,
notor-driven psychroneters, and tachoneters. The test instrunents shall be
at least twice as accurate as the specified sensing el ement-to-DDC system
readout accuracy. The calibration of the test instrunents shall be
traceable to National Institute OF Standards And Technol ogy standards. The
first check point shall be with the HVAC systemin the shutdown condition
and the second check point shall be with the HVAC systemin an operationa
condition. Calibration checks shall verify that the sensing el enent-to-DDC
system readout accuracies at two points are within the specified product
accuracy tolerances. |If not, the device shall be recalibrated or repl aced
and the calibration check repeated.

3.4.1.4 Insertion and | mersion Tenperatures
Insertion tenperature and i nmersion tenperature sensing el enents and
transmtter-to-DDC systemreadout calibration accuracy shall be checked at
one physical |ocation along the axis of the sensing el ement.

3.4.1.5 Aver agi ng Tenperature

Averagi ng tenperature sensing element and transnitter-to-DDC system readout
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calibration accuracy shall be checked every 2 feet along the axis of the
sensing elenent in the proximty of the sensing el enent, for a maxi num of
10 readi ngs. These readi ngs shall then be averaged.

3.4.2 Space Tenperature Controlled Perineter Radiation

The heating nmedium shall be turned on, and the thernpstat tenperature
setpoint shall be raised. The valve shall open. The thernostat
tenperature shall be lowered and the valve shall close. The thernostat
shal |l be set at the setpoint shown.

3.4.3 Unit Heater and Cabi net Unit Heater

The "OFF/ AUTO' switch shall be placed in the "OFF" position. Each space
thernostat tenperature setting shall be turned up so that it nakes contact
to turn on the unit heater fans. The unit heater fans shall not start.

The "OFF/ AUTO' switch shall be placed in the "AUTO' position. It shall be
ensured that the unit heater fans start. Each space thernpstat tenperature
setting shall be turned down, and the unit heater fans shall stop. The
thernostats shall be set at their tenperature setpoints. The results of
testing of one of each type of unit shall be | ogged.

3.4.4 Gas-Fired Infrared Heater

Each space thernpstat tenperature setting shall be turned up so that it
makes contact to turn on the infrared heater; it shall be ensured that the
heater turns on. Each space thernpstat tenperature shall be turned down
and it shall be ensured that the infrared heater turns off. The
thernostats shall be set at their tenperature setpoints. The results of
testing of one of each type of unit shall be | ogged.

3.4.5 All-Air Small Packaged Unitary

The schedul es shall be nmanually entered for day tenperature and ni ght
tenperature setpoints as shown. The fan "AUTO ON' switch shall be set to
"ON." The tinme shall be nmanually entered as "DAY." The "HEATI NG COOLI NG'
switch shall be set to "HEATING' and it shall be ensured that cooling is
off. The tenperature setpoint shall be raised and it shall be ensured that
heating starts. The "HEATI NG COOLI NG' switch shall be set to "COOLING' and
it shall be ensured that heat is off. The tenperature setpoint shall be

| owered and it shall be ensured that cooling starts. The fan "AUTQ O\
switch shall be set to "AUTO' and the foregoing procedure repeated. The
fan shall start and stop automatically with the starting and stopping of
heating and cooling. The tine shall be manually entered as "NIGHT." The
foregoi ng procedures shall be repeated. Wen the systemis verified as
operational, the correct "DAY'" and "N GHT" tenperature settings shall be
restored and the correct tine restored. The power to the thernopstat shal
be shut off and it shall be verified that the thernostat cl ock keeps tine.
The results of testing of one of each type of unit shall be | ogged.

3.4.6 Fan Coil Unit

The dual -t enperature hydronic systemshall be set to heating. Each space
thernostat tenperature setting shall be turned up so that it nakes contact
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and turns the fan coil unit on. It shall be ensured that the fan coil unit
fan starts and the val ves open to flow through the coils. Each space

t hernostat tenperature setting shall be turned down and it shall be ensured
that the fan coil unit fans stop. It shall be ensured that the val ves
close to flow through the coils. The dual -tenmperature hydronic system
shall be switched to cooling. Each space thernpstat tenperature setting
shall be turned up and it shall be ensured that contact is broken and the

fan coil unit fans stop. It shall be ensured that the valves close to flow
through the coil. Each space thernostat tenperature setting shall be
turned down. It shall be ensured that the fan coil unit fans start and the

val ves open to flow through the coils. The thernpostats shall be set at
their tenperature setpoints. The results of testing of one of each type of
unit shall be | ogged.

3.4.7 Central Plant Hydronic Heating with Steam Hot Water Converter
Installation shall be as follows:

a. Step 1 - System Inspection: The HVAC system shall be observed in
its shutdown condition. Power and nain air shall be avail abl e where
required. The converter valve shall be closed.

b. Step 2 - Calibration Accuracy Check with HVAC System Shut down:
Readi ngs shall be taken with a digital thernmoneter at each tenperature
sensing el enent |ocation. Each tenperature shall be read at the DDC
controller, and the thernmoneter and DDC system readi ngs | ogged. The
calibration accuracy of the sensing el enent-to-DDC system readout for
outside air tenperature and hydronic system supply tenperature shall be
checked.

c. Step 3 - Actuator Range Adjustnents: A signal shall be applied to
the actuator, through an operator entered value to the DDC system The
proper operation of the actuators and positions for all valves shall be
verified. The signal shall be varied fromlive zero to full range, and it
shall be verified that the actuators travel fromzero stroke to full stroke
within the signal range. It shall be verified that all sequenced actuators
nove fromzero stroke to full stroke in the proper direction and nove the
connected device in the proper direction fromone extrene position to the
ot her.

d. Step 4 - Control System Conmi ssi oning:

(1) The two-point calibration sensing el enent-to-DDC system
readout accuracy check for the outside air tenperature shall be
perforned. Any necessary software adjustnents to setpoints or
paraneters shall be nade to achieve the outside air tenperature
schedul e.

(2) A signal shall be applied to sinulate that the outside air

tenperature is above the setpoint. It shall be verified that punp
[ ] stops. A signal shall be applied to sinulate that the
outside air tenperature is belowthe setpoint. It shall be

verified that punp [ ] starts.
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(3) The two-point calibration accuracy check of the sensing

el ement -t o- DDC system readout for the system supply tenperature
shal |l be perfornmed. The system supply tenperature setpoint shal
be set for the tenperature schedule as showmn. Signals of 8 nma and
16 ma shall be sent to the DDC systemfromthe outside air
tenperature sensor, to verify that the supply tenperature setpoint
changes to the appropriate val ues.

(4) The control systemshall be placed in the occupied node. The
calibration accuracy check of sensing el enent-to-DDC system
readout shall be perforned for each space tenperature sensor and
the val ues | ogged. Each space tenperature setpoint shall be set
as shown. The control system shall be placed in the unoccupied
node, and it shall be verified that each space tenperature

set poi nt changes to the unoccupi ed nbde setting.

3.4.8 Singl e Building Hydronic Heating with Hot Water Boiler
Steps for installation shall be as foll ows:

a. Step 1 - System Inspection: The HVAC system shall be observed in
its shutdown condition. It shall be verified that power and main air are
avai | abl e where required.

b. Step 2 - Calibration Accuracy Check with HVAC System Shut down:
Readi ngs shall be taken with a digital thernmoneter at each tenperature
sensing el enent |ocation. Each tenperature shall be read at the DDC
controller, and the thernmoneter and DDC system readi ngs | ogged. The
calibration accuracy of the sensing el enent-to-DDC system readout for
outside air tenperature and system supply tenperature shall be checked.

c. Step 3 - Actuator Range Adjustnents: A signal shall be applied to
t he actuator through an operator entered value to the DDC system The
proper operation of the actuators and positioners for all valves shall be
verified visually. The signal shall be varied fromlive zero to ful
range, and it shall be verified that the actuators travel from zero stroke
to full stroke within the signal range. It shall be verified that al
sequenced actuators nove fromzero stroke to full stroke in the proper
direction, and nove the connected device in the proper direction from one
extrenme position to the other

d. Step 4 - Control System Conmi ssi oning:

(1) The two-point calibration sensing el enent-to-DDC system
readout accuracy check for the outside air tenperature shall be
perforned. Any necessary software adjustnents to setpoints or
paraneters shall be nade to achieve the outside air tenperature
schedul e.

(2) The outside air tenperature shall be sinulated through an
operator entered value to be above the setpoint. It shall be
verified that punps [__ ] and boiler | ] stop. A value
shal|l be entered to sinulate that the outside air tenperature is
bel ow the setpoint as shown. It shall be verified that punps
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_____ ] operates.

(3) The two-point calibration accuracy check of the sensing

el ement -t o- DDC system readout for the hydronic system supply
tenperature shall be perforned. The supply tenperature setpoint
shal |l be set for the tenperature schedule as shown. Signals of 8
ma and 16 na shall be sent to the DDC systemfromthe outside air
tenperature sensor, to verify that the supply tenperature setpoint
changes to the appropriate val ues.

(4) The control systemshall be placed in the occupied node. The
calibration accuracy check of sensing el enent-to-DDC system
readout shall be perforned for each space tenperature sensor and
the val ues | ogged. Each space tenperature setpoint shall be set
as shown. The control system shall be placed in the unoccupied
node, and it shall be verified that each space tenperature

set poi nt changes to the unoccupi ed nbde setting.

3.4.9 Central Plant Hi gh Tenperature Hot Water Hydronic Heating
Steps for installation shall be as foll ows:

a. Step 1 - System Inspection: The HVAC system shall be observed in
its shutdown condition. It shall be verified that power and main air are
avai | abl e where required and that the converter valve is closed.

b. Step 2 - Calibration Accuracy Check with HVAC System Shut down:
Readi ngs shall be taken with a digital thernmoneter at each tenperature
sensing el enent |ocation. Each tenperature shall be read at the DDC
controller, and the thernmoneter and DDC system readi ngs | ogged. The
calibration accuracy of the sensing el enent-to-DDC system readout for
outside air tenperature and system supply tenperature shall be checked.

c. Step 3 - Actuator Range Adjustnents: A signal shall be applied to
t he actuator through an operator entered value to the DDC system The
proper operation of the actuators and positioners for all valves shall be
verified. The signal shall be varied fromlive zero to full range, and it
shall be verified that the actuators travel fromzero stroke to full stroke
within the signal range. It shall be verified that all sequenced actuators
nove fromzero stroke to full stroke in the proper direction, and nove the
connected device in the proper direction fromone extrene position to the
ot her.

d. Step 4 - Control System Conmi ssi oning:

(1) The two-point calibration sensing el enent-to-DDC system
readout accuracy check for the outside air tenperature shall be
perfornmed. Any necessary software adjustnents shall be made to
setpoints or paraneters to achieve the outside air tenperature
schedul e.

(2) The outside air tenperature shall be sinulated through an
operator entered value to be above the setpoint. It shall be
verified that punp [ ] stops and the high-tenperature
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hot-water control valve closes. A value shall be entered to
simulate that the outside air tenperature is below the setpoint as
shown. It shall be verified that pump [ ] starts

(3) The two-point calibration accuracy check of the sensing

el ement -t o- DDC system readout for the hydronic system supply
tenperature shall be perforned. The supply tenperature setpoint
shal |l be set for the tenperature schedule as shown. Signals of 8
ma and 16 na shall be sent to the DDC systemfromthe outside air
tenperature sensor, to verify that the supply tenperature setpoint
changes to the appropriate values. A high tenperature condition
shall be initiated in the hydronic systemsupply line by | owering
the thernostat setting. It shall be verified that the

hi gh-t enperature hot water shutoff valve closes and an alarmis
initiated. The thernostat shall be set at the setting shown, the
safety circuit shall be manually reset, and it shall be verified
that the shutoff valve opens and a return-to-nornal signal is sent.

(4) The control systemshall be placed in the occupied node. The
calibration accuracy check of sensing el enent-to-DDC system
readout shall be perforned for each space tenperature sensor and
the val ues | ogged. Each space tenperature setpoint shall be set
as shown. The control system shall be placed in the unoccupied
node, and it shall be verified that each space tenperature

set poi nt changes to the unoccupi ed nbde setting.

3.4.10 Central Plant Dual Tenperature Hydronic
Steps for installation shall be as foll ows:

a. Step 1 - System lInspection: The HVAC system shall be observed in
its shutdown condition. The systemshall be checked to see that power and
main air are avail able where required, and that the converter steam hot
wat er control valve is closed.

b. Step 2 - Calibration Accuracy Check with HVAC System Shut down:
Readi ngs shall be taken with a digital thernmoneter at each tenperature
sensing el enent |ocation. Each tenperature shall be read at the DDC
controller, and the thernmoneter and DDC system readi ngs | ogged. The
calibration accuracy of the sensing el enent-to-DDC system readout for
outside air tenperature, hydronic system supply and return tenperatures
shal | be checked.

c. Step 3 - Actuator Range Adjustnents: A signal shall be applied to
the actuator through an operator entered value to the DDC system The
proper operation of the actuators and positioners for all valves shall be
visually verified. The signal shall be varied fromlive zero to ful
range, and it shall be verified that the actuators travel from zero stroke
to full stroke within the signal range. It shall be verified that al
sequenced actuators nove fromzero stroke to full stroke in the proper
direction, and nove the connected device in the proper direction from one
extrenme position to the other

d. Step 4 - Control System Conmi ssi oning:
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(1) The two-point calibration sensing el enent-to-DDC system
readout accuracy check for the outside air tenperature shall be
perfornmed. Any necessary software adjustnents shall be made to
setpoints or paraneters to achieve the outside air tenperature
schedul e.

(2) The control systemshall be indexed to the heating node and
it shall be verified that the changeover val ves open to fl ow

t hrough the converter and close to flow fromcentral plant chilled
wat er .

(3) The outside air tenperature shall be sinulated through an
operator entered value to be above the setpoint. It shall be
verified that punp [ ] stops. A value shall be entered to
simulate that the outside air tenperature is bel ow the setpoint.
It shall be verified that punp [ ] starts.

(4) The two-point calibration accuracy check of the sensing

el ement -t o- DDC system readout for the hydronic system supply
tenperature shall be perfornmed. The supply tenperature shall be
set for the tenperature schedule. Signals of 8 nma and 16 nm shal
be sent to the DDC system fromthe outside air tenperature sensor
to verify that the supply tenperature setpoint changes to the
appropriate val ues.

(5) The two-point accuracy check of the sensing el enent-to-DDC
system readout for the hydronic systemreturn tenperature shall be
perforned. The return water tenperature setpoint shall be set to
the setpoint. The systemshall be placed in the unoccupi ed node.

(6) The control systemshall be indexed to the cooling node. It
shall be verified that the converter control valve closes and that
punp [ ] continues to operate until the return water
tenperature falls belowits setpoint. It shall be verified that
when the return water tenperature falls bel ow the setpoint that

t he changeover valves close to flow through the converter and open
to flow fromcentral plant chilled water and that Punp [ |

st ops.

(7) The control systemshall be placed in the occupied node and
it shall be verified that punp [ ] starts.

3.4.11 Central Plant H gh Tenperature Hot Water Dual Tenperature Hydronic
Steps for installation shall be as foll ows:

a. Step 1 - System lInspection: The HVAC system shall be observed in
its shutdown condition. The systemshall be checked to see that power and
main air are avail able where required, and that the converter high
tenperature hot water control valve is closed

b. Step 2 - Calibration Accuracy Check with HVAC System Shut down:
Readi ngs shall be taken with a digital thernmoneter at each tenperature
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sensing el enent |ocation. Each tenperature shall be read at the DDC
controller, and the thernmoneter and DDC system readi ngs | ogged. The
calibration accuracy of the sensing el enent-to-DDC system readout for
outside air tenperature and hydronic system supply tenperature shall be
checked.

c. Step 3 - Actuator Range Adjustnents: A signal shall be applied to
t he actuator through an operator entered value to the DDC panel. The
proper operation of the actuators and positioners for all valves shall be
visually verified. The signal shall be varied fromlive zero to ful
range, and it shall be verified that the actuators travel from zero stroke
to full stroke within the signal range. It shall be verified that al
sequenced actuators nove fromzero stroke to full stroke in the proper
direction, and nove the connected device in the proper direction from one
extrenme position to the other

d. Step 4 - Control System Conmi ssi oning:

(1) The two-point calibration sensing el enent-to-DDC system
readout accuracy check for the outside air tenperature shall be
perfornmed. Any necessary software adjustnents shall be made to
setpoints or paraneters to achieve the outside air tenperature
schedul e.

(2) The control systemshall be indexed to the heating node and
it shall be verified that the changeover val ves open to fl ow

t hrough the converter and close to flow fromcentral plant chilled
wat er .

(3) The outside air tenperature shall be sinulated through an
operator entered value to be above the setpoint. It shall be
verified that punp [ ] stops and the hi gh-tenperature hot

wat er shutoff valve closes. A value shall be entered to sinulate
that the outside air tenperature is bel ow the setpoint as shown.
It shall be verified that punp [ ] starts.

(4) The two-point calibration accuracy check of the sensing

el ement -t o- DDC system readout for the hydronic system supply
tenperature shall be perforned. The supply tenperature setpoint
shal |l be set for the tenperature schedule. Signals of 8 ma and 16
ma shall be sent to the DDC systemfromthe outside air
tenperature sensor, to verify that the supply tenperature setpoint
changes to the appropriate val ues.

(5) The two-point accuracy check of the sensing el enent-to-DDC
system readout for the hydronic systemreturn tenperature shall be
perforned. The return water tenperature setpoint shall be set to
the setpoint. The control systemshall be placed in the
unoccupi ed node.

(6) The control systemshall be indexed to the cooling node. It
shall be verified that the converter control valve closes and that
punp [ ] continues to operate until the return water
tenperature falls belowits setpoint. It shall be verified that
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when the return water tenperature falls bel ow the setpoint, the
changeover valves close to flow through the converter and open to
flow fromcentral plant chilled water and that Punp [
(7) The control systemshall be placed in the occupied node and
it shall be verified that punp [ ] starts.

3.4.12 Si ngl e Buil ding Dual Tenperature Hydronic
Steps for installation shall be as foll ows:

a. Step 1 - System Inspection: The HVAC system shall be observed in
its shutdown condition. It shall be verified that power and main air are
avai | abl e where required.

b. Step 2 - Calibration Accuracy Check with HVAC System Shut down:
Readi ngs shall be taken with a digital thernmoneter at each tenperature
sensing el enent |ocation. Each tenperature shall be read at the DDC
controller, and the thernmoneter and DDC system readi ngs | ogged. The
calibration accuracy of the sensing el enent-to-DDC system readout for
outside air tenperature, hydronic system supply and return tenperatures
shal | be checked.

c. Step 3 - Actuator Range Adjustnents: A signal shall be applied to
the actuator, through an operator entered value. The proper operation of
the actuators and positioners for all valves shall be visually verified.
The signal shall be varied fromlive zero to full range, and actuator
travel fromzero stroke to full stroke within the signal range shall be
verified. It shall be verified that all sequenced actuators nove from zero
stroke to full stroke in the proper direction, and nove the connected
device in the proper direction fromone extreme position to the other

d. Step 4 - Control System Conmi ssi oning:

(1) The two-point calibration sensing el enent-to-DDC system
readout accuracy check for the outside air tenperature shall be
perfornmed. Any necessary software adjustnents shall be made to
setpoints or paraneters to achieve the outside air tenperature
schedul e.

(2) The control systemshall be indexed to the heating node and

it shall be verified that chiller [__ ] is shut down and that
distribution pump [__ ] continues to operate until the tine
del ay expires. It shall be verified that the changeover val ves

open to flow through boiler [ ] and close to flow through
chiller [ ] upon expiration of the tinme del ay.

(3) The outside air tenperature shall be sinulated to be above

the setpoint through an operator entered value. It shall be
verified that distribution punp [ ] stops, boiler [ ] is
stopped, [boiler pump [ ] is stopped,] and control of the

hydroni ¢ heating systemcontrol valve is disabled. A value shal
be entered to sinulate that the outside air tenperature is bel ow
the setpoint. It shall be verified that distribution punp [
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starts, boiler [__ ] is started, [boiler punp [ __ ] is
started,] and control of the hydronic heating systemcontrol valve
i s enabl ed.

(4) The two-point calibration accuracy check of the sensing

el ement -t o- DDC system readout for the hydronic system supply
tenperature shall be perforned. The supply tenperature setpoint
shal |l be set for the tenperature schedule as shown. Signals of 8
ma and 16 na shall be sent to the DDC systemfromthe outside air
tenperature sensor, to verify that the supply tenperature setpoint
changes to the appropriate val ues.

(5) The two-point accuracy check of sensing el enent-to-DDC system
readout for the hydronic systemreturn tenperature shall be
perforned. It shall be verified that the return water tenperature
setpoint is set to the setpoint. The control systemshall be

pl aced in the unoccupi ed node.

(6) The control systemshall be indexed to the cooling node. It
shal|l be verified that boiler [ ] shuts down, [boiler punp
[ ] shuts down,] and distribution punp [ ] continues to
operate until the return water tenperature falls belowits
setpoint. It shall be verified that when the return water
tenperature falls belowits setpoint that the changeover valves
close to flow through the boiler [
chiller [

(7) The control systemshall be placed in the occupied node and
it shall be verified that distribution punp [ ] starts and
chiller operation is enabl ed.

(8) The control systemshall be placed in the unoccupied node and
it shall be verified that chiller [__ ] shuts down and
distribution pump [__ ] continues to operate until the
expiration of the tinme delay and t hen stops.

3.4.13 Heating and Ventilating Unit
Steps for installation are as foll ows:

a. Step 1 - System Inspection: The HVAC system shall be observed in
its shutdown condition. The systemshall be checked to see that power and
main air are avail able where required, the outside air danper and relief
air danmper are closed, and the return air danper is open

b. Step 2 - Calibration Accuracy Check with HVAC System Shut down:
Readi ngs shall be taken with a digital thernmoneter at each tenperature
sensing elenent |ocation. Each tenperature shall be read at the DDC
controller, and the thernmoneter and DDC system readi ngs | ogged. The
calibration accuracy of the sensing el enent-to-DDC system readout for space
tenperature shall be checked.

c. Step 3 - Actuator Range Adjustnents: A signal shall be applied to
the actuator through an operator entered value to the DDC system The
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proper operation of the actuators and positioners for all danpers and

val ves shall be verified. The signal shall be varied fromlive zero to
full range, and that the actuators travel fromzero stroke to full stroke
within the signal range shall be verified. It shall be verified that al
sequenced and parall el -operated actuators nmove from zero stroke to ful
stroke in the proper direction, and nove the connected device in the proper
direction fromone extreme position to the other

d. Step 4 - Control System Conmi ssi oning:

(1) Wth the fan ready to start, the systemshall be placed in
the ventilation delay node and in the occupi ed node through
operator entered values. It shall be verified that supply fan
[ ] starts. It shall be verified that the outside air and
relief air danpers are closed, the return air danper is open, and
the heating coil valve is under control, by artificially changing
the space tenperature through operator entered values. The system
shal | be placed out of the ventilation delay node, and it shall be
verified that the outside air, return air, and relief air danpers
come under control by sinmulating a change in space tenperature.

(2) The control systemshall be placed in the mninmumoutside air
node. It shall be verified that the outside air danper opens to
m ni mum posi tion.

(3) The calibration accuracy check of sensing el enent-to-DDC
system readout for the space tenperature shall be perforned. The
space tenperature setpoint shall be set as shown.

(4) The control systemshall be placed in the unoccupi ed node,
and it shall be verified that the HVAC system shuts down, and the
control system assunes the specified shutdown conditions. The
space tenperature shall be artificially changed to bel ow t he night
setback setpoint, and it shall be verified that the HVAC system
starts; the space tenperature shall be artificially changed to
above the night setback setpoint, and it shall be verified that
the HVAC system stops. The night setback tenperature setpoint
shal | be set as shown.

(5) Wth the HVAC systemrunning, a filter differential pressure
switch input signal shall be sinulated, at the device. It shal
be verified that the filter alarmis initiated. The differentia
pressure switch shall be set at the setpoint as shown.

(6) Wth the HVAC systemrunning, a freezestat trip input signa
shal |l be sinmulated at the device. HVAC system shutdown shall be
verified. It shall be verified that a |low tenperature alarmis
initiated. The freezestat shall be set at the setpoint. The HVAC
system shall be restarted by manual restart and it shall be
verified that the alarmreturns to normal

(7) Wth the HVAC systemrunning, a snoke detector trip input

signal shall be sinulated at each detector, and verification of
control device actions and interlock functions as described in the
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Sequence of Operation shall be nade. Sinulation shall be
performed without false-alarmng any Life Safety systens. It
shal |l be verified that the HVAC system shuts down and that the
smoke detector alarmis initiated. The detectors shall be reset.
The HVAC system shall be restarted by manual reset, and it shal
be verified that the alarmsignal is changed to a return-to-norna
si gnal .

3.4.14 Mul ti zone Control Systemw th Return Fan
Steps for installation shall be as foll ows:

a. Step 1 - System Inspection: The HVAC system shall be observed in
its shutdown condition. The systemshall be checked to see that power and
main air are avail able where required; that the outside air danper, relief
air danper, and cooling coil valve are closed; and that the return air
danper is open.

b. Step 2 - Calibration Accuracy Check with HVAC System Shut down:
Readi ngs shall be taken with a digital thernonmeter at each
tenperature-sensing el enent |ocation. Each tenperature shall be read at
the DDC controller, and the thernonmeter and DDC system readi ngs | ogged.
The calibration accuracy of the sensing el enent-to-DDC system readout for
outside air, return air, mxed air, cold-deck, and hot-deck tenperatures
shal | be checked.

c. Step 3 - Actuator Range Adjustnents: A signal shall be applied to
the actuator through an operator entered value to the DDC system The
proper operation of the actuators and positioners for all danpers and
val ves shall be verified. The signal shall be varied fromlive zero to
full range, and it shall be verified that the actuators travel from zero
stroke to full stroke within the signal range. It shall be verified that
al |l sequenced and parall el -operated actuators nove fromzero stroke to ful
stroke in the proper direction, and nove the connected device in the proper
direction fromone extreme position to the other

d. Step 4 - Control System Conmi ssi oning:

(1) Wth the fans ready to start, the systemshall be placed in
the ventilation delay node and in the occupied node, and it shal
be verified that supply fan [ ] and return fan [
It shall be verified that the outside air and relief air danpers
are closed, and the return air danper is open, by artificially
changi ng the nixed air tenperature through operator entered
values. It shall be verified that the heating and cooling coi
val ves are under control, by artificially changing the hot and
col d deck tenperatures through operator entered values. The
system shall be placed out of the ventilation delay node through
an operator entered value and it shall be verified that the
outside air, return air, and relief air danpers cone under
control, by artificially changing the nixed air tenperature.

(2) The control systemshall be placed in the mninmumoutside air
node. It shall be verified that the outside air danper opens to
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m ni mum posi tion.

(3) The econom zer node shall be sinulated by a change in the
outside air tenperature and the return air tenperature through
operator entered values and it shall be verified that the system
goes into the econom zer node. The m xed air tenperature shall be
artificially changed through operator entered values to slightly
open the outside air danper and the second point of the two-point
calibration accuracy check of sensing el enent-to-DDC system
readout for outside air, return air, and m xed air tenperatures
shal |l be performed. The tenperature setpoint shall be set as
shown.

(4) The two-point calibration sensing el enent-to-DDC system
readout accuracy check for the outside air tenperature shall be
perfornmed. Any necessary software adjustnents shall be made to
setpoints or paraneters to achieve the outside air tenperature
schedul e as shown.

(5) The two-point calibration accuracy check of sensing

el ement -t o- DDC system readout for outside air and hot-deck
tenperatures shall be perforned. The hot deck tenperature
setpoint shall be set for [__ ] degrees F at 20-ma input and
[ ] degrees F at 4-ma input. The outside air tenperature
shall be artificially changed t hrough operator entered val ues.
Three val ues shall be entered sinulating outside air tenperature
changes. The val ues shall be selected at nidrange, |ower 1/3
range, and upper 1/3 range of the tenperature schedule. It shal
be verified that the hot-deck tenperature setpoint tracks the
schedul e. The hot-deck tenperature setpoint shall be set for the
existing outside air tenperature as shown. A change shall be
simulated in the coil discharge air tenperature through an
operator entered value and it shall be verified that the contro
val ve i s nodul at ed

(6) The two-point calibration accuracy check of sensing

el ement -t o- DDC system readout for the hot-deck tenperature shal
be perfornmed. The hot-deck tenperature setpoint shall be set as
shown. A change shall be sinulated in the coil discharge air
tenperature through an operator entered value and it shall be
verified that the control valve is nodul ated

(7) The two-point calibration accuracy check of sensing

el ement -t o- DDC system readout for the col d-deck tenperature shal
be perfornmed. The col d-deck tenperature setpoint shall be set as
shown. A change shall be sinulated in the coil discharge air
tenperature through an operator entered value and it shall be
verified that the control valve is nodul ated

(8) The control systemshall be placed in the unoccupi ed node,
and it shall be verified that the HVAC system shuts down, and the
control system assunes the specified shutdown conditions. The
space tenperature shall be artificially changed to bel ow t he night
setback setpoint and it shall be verified that the HVAC system
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starts; the space tenperature shall be artificially changed to
above the night setback setpoint, and it shall be verified that
the HVAC system stops. The night setback tenperature setpoint
shal | be set as shown.

(9) Wth the HVAC systemrunning, a filter differential pressure
switch input signal shall be sinulated at the device. |t shall be
verified that the filter alarmis initiated. The differentia
pressure switch shall be set at the setpoint.

(10) Wth the HVAC systemrunning, a freezestat trip input signa
shal |l be sinmulated at the device. HVAC system shutdown shall be
verified. It shall be verified that a low tenperature alarmis
initiated. The freezestat shall be set at the setpoint. The HVAC
system shall be restarted by manual restart and it shall be
verified that the alarmreturns to normal

(11) Wth the HVAC system running, a snoke detector trip input
signal shall be sinulated at each detector, and control device
actions and interlock functions as described in the Sequence of
Operation shall be verified. Sinmulation shall be perforned

wi thout false-alarming any Life Safety systenms. |t shall be
verified that the HVAC system shuts down and that the snoke
detector alarmis initiated. The detectors shall be reset. HVAC
system shall be restarted by manual reset, and it shall be
verified that the alarmsignal is changed to a return-to-nornal

si gnal .

(12) The tenperature setpoint of each zone thernostat shall be
raised and it shall be verified that the zone danper closes to the
col d-deck and opens to the hot-deck. Each zone thernostat shal

be calibrated and set at its setpoint as shown.

3.4.15 Dual - Duct Multizone Control Systemw th Return Fan
Steps for installation shall be as foll ows:

a. Step 1 - System lInspection: The HVAC system shall be observed in
its shutdown condition. The systemshall be checked to see that power and
main air are avail able where required; that the outside air danper, relief
air danper, and cooling coil valve are closed; and that the return air
danper is open.

b. Step 2 - Calibration Accuracy Check with HVAC System Shut down:
Readi ngs shall be taken with a digital thernonmeter at each
tenperature-sensing el enent | ocation. Each tenperature shall be read at
the DDC controller, and the thernonmeter and DDC system readi ngs | ogged.
The calibration accuracy of the sensing el enent-to-DDC system readout for
outside air, return air, mxed air, cold-deck, and hot-deck tenperatures
shal | be checked.

c. Step 3 - Actuator Range Adjustnents: A signal shall be applied to

the actuator through an operator entered value to the DDC system The
proper operation of the actuators and positioners for all danpers and
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val ves shall be verified. The signal shall be varied fromlive zero to
full range, and it shall be verified that the actuators travel from zero
stroke to full stroke within the signal range. It shall be verified that
al |l sequenced and parall el -operated actuators nove fromzero stroke to ful
stroke in the proper direction, and nove the connected device in the proper
direction fromone extreme position to the other

d. Step 4 - Control System Conmi ssi oning:

(1) Wth the fans ready to start, the control systemshall be
placed in the ventilation delay node and in the occupi ed node, and
it shall be verified that supply fan [ ] and return fan

[ ] start. It shall be verified that the outside air and
relief air danpers are closed, and the return air danper is open
by artificially changing the m xed air tenperature through
operator entered values. It shall be verified that the heating
and cooling coil valves are under control, by artificially
changi ng the hot and col d deck tenperatures through operator
entered values. The systemshall be placed out of the ventilation
del ay node through an operator entered value and it shall be
verified that the outside air, return air, and relief air danpers
conme under control, by artificially changing the mxed air

t enperature.

(2) The control systemshall be placed in the mninmumoutside air
node. It shall be verified that the outside air danper opens to
m ni mum posi tion.

(3) The econom zer node shall be sinulated by a change in the
outside air tenperature and the return air tenperature through
operator entered values and it shall be verified that the system
goes into the econom zer node. The m xed air tenperature shall be
artificially changed through operator entered values to slightly
open the outside air danper and the second point of the two-point
calibration accuracy check of sensing el enent-to-DDC system
readout for outside air, return air, and m xed air tenperatures
shal | be performed. The tenperature setpoint shall be set as
shown.

(4) The two-point calibration sensing el enent-to-DDC system
readout accuracy check for the outside air tenperature shall be
perfornmed. Any necessary software adjustnents shall be made to
setpoints or paraneters to achieve the outside air tenperature
schedul e as shown.

(5) The two-point calibration accuracy check of sensing

el ement -t o- DDC system readout for outside air and hot-deck
tenperatures shall be perforned. The hot-deck tenperature
setpoint shall be set for [__ ] degrees F at 20-ma input and
[ ] degrees F at 4-ma input. The outside air tenperature
shall be artificially changed t hrough operator entered val ues.
Three val ues shall be entered sinulating outside air tenperature
changes. The val ues shall be selected at nidrange, |ower 1/3
range, and upper 1/3 range of the tenperature schedule. It shal
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be verified that the hot-deck tenperature setpoint tracks the
schedul e. The hot-deck tenperature setpoint shall be set for the
existing outside air tenperature as shown. A change shall be
simulated in the coil discharge air tenperature through an
operator entered value and it shall be verified that the contro
val ve i s nodul at ed

(6) The two-point calibration accuracy check of sensing

el ement -t o- DDC system readout for the hot-deck tenperature shal
be perfornmed. The hot-deck tenperature setpoint shall be set as
shown. A change shall be sinulated in the coil discharge air
tenperature through an operator entered value and it shall be
verified that the control valve is nodul ated

(7) The two-point calibration accuracy check of sensing

el ement -t o- DDC system readout for the col d-deck tenperature shal
be perfornmed. The col d-deck tenperature setpoint shall be set as
shown. A change shall be sinulated in the coil discharge air
tenperature through an operator entered value and it shall be
verified that the control valve is nodul ated

(8) The control systemshall be placed in the unoccupi ed node,
and it shall be verified that the HVAC system shuts down, and the
control system assunes the specified shutdown conditions. The
space tenperature shall be artificially changed to bel ow t he night
setback setpoint and it shall be verified that the HVAC system
starts; the space tenperature shall be artificially changed to
above the night setback setpoint, and it shall be verified that
the HVAC system stops. The night setback tenperature setpoint
shal | be set as shown.

(9) Wth the HVAC systemrunning, a filter differential pressure
switch input signal shall be sinulated at the device. |t shall be
verified that the filter alarmis initiated. The differentia
pressure switch shall be set at the setpoint.

(10) Wth the HVAC systemrunning, a freezestat trip input signa
shal |l be sinmulated at the device. HVAC system shutdown shall be
verified. It shall be verified that a |low tenperature alarmis
initiated. The freezestat shall be set at the setpoint. The HVAC
system shall be restarted by manual restart and it shall be
verified that the alarmreturns to normal

(11) Wth the HVAC system running, a snoke detector trip input
signal shall be sinulated at each detector, and control device
actions and interlock functions as described in the Sequence of
Operation shall be verified. Sinmulation shall be perforned

wi thout false-alarming any Life Safety systens. |t shall be
verified that the HVAC system shuts down and that the snoke
detector alarmis initiated. The detectors shall be reset. HVAC
system shall be restarted by manual reset, and it shall be
verified that the alarmsignal is changed to a return-to-nornal

si gnal .
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(12) The setpoint of each zone thernostat shall be raised and it
shal |l be verified that the dual -duct term nal box danper closes to
the cold duct and opens to the hot duct. Each zone thernostat
shal |l be calibrated and set at its setpoint as shown.

3.4.16 Bypass Miultizone with Return Fan
Steps for installation shall be as foll ows:

a. Step 1 - System Inspection: The HVAC system shall be observed in
its shutdown condition. The systemshall be checked to see that power and
main air are avail able where required, the outside air danper, relief air
danper, and cooling coil valve are closed, and the return air danper is
open.

b. Step 2 - Calibration Accuracy Check with HVAC System Shut down:
Readi ngs shall be taken with a digital thernmoneter at each tenperature
sensing el enent |ocation. Each DDC controller display shall be read, and
the thernmoneter and DDC system di splay readi ngs | ogged. The calibration
accuracy of the sensing el enent-to-DDC systemreadout for outside air
return air, mxed air, cold-deck tenperatures shall be checked.

c. Step 3 - Actuator Range Adjustnents: A signal shall be applied to
the actuator through an operator entered value to the DDC system The
proper operation of the actuators and positioners for all danpers and
val ves shall be visually verified. The signal shall be varied fromlive
zero to full range, and it shall be verified that the actuators travel from
zero stroke to full stroke within the signal range. It shall be verified
that all sequenced and parall el -operated actuators nove fromzero stroke to
full stroke in the proper direction, and nove the connected device in the
proper direction fromone extrene position to the other

d. Step 4 - Control System Conmi ssi oning:

(1) Wth the fans ready to start, the control systemshall be
placed in the ventilation delay node and in the occupi ed node, and
it shall be verified that supply fan [ ] and return fan

[ ] start. It shall be verified that the outside air and
relief air danpers are closed, the return air danper is open, and
the heating and cooling coil valves are under control, by
simulating a change in the tenperature of the cooling coi

di scharge air and the space tenperature through operator entered
val ues. The control systemshall be placed out of the ventilation
del ay node, and it shall be verified that the outside air, return
air, and relief air danpers cone under control, by sinmulating a
change in the mxed air tenperature through operator entered

val ues.

(2) The control systemshall be placed in the mninmumoutside air
node. It shall be verified that the outside air danper opens to
m ni mum posi tion.

(3) The econom zer node shall be sinulated by a change in the
outside air tenperature and the return air tenperature through
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operator entered values and it shall be verified that the system
goes into the econonmi zer node. The m xed air tenperature shall be
artificially changed through operator entered values to slightly
open the outside air danper and the second point of the two-point
calibration accuracy check of sensing el enent-to-DDC system
readout for outside air, return air, and m xed air tenperatures
shal | be performed. The tenperature setpoint shall be set as
shown.

(4) The two-point calibration accuracy check of sensing

el ement -t o- DDC system readout for the col d-deck tenperature shal
be perfornmed. The col d-deck tenperature setpoint shall be set as
shown. A change shall be sinulated in the coil discharge air
tenperature through an operator entered value and it shall be
verified that the control valve is nodul ated

(5) The control systemshall be placed in the unoccupied node and
it shall be verified that the HVAC system shuts down, and the
control system assunes the specified shutdown conditions. The
space tenperature shall be artificially changed to bel ow t he night
setback tenperature setpoint, and it shall be verified that the
HVAC system starts; the space tenperature shall be artificially
changed to above the night setback setpoint, and it shall be
verified that the HVAC system stops. The night setback
tenperature setpoint shall be set at the setpoint as shown.

(6) Wth the HVAC systemrunning, a filter differential pressure
switch input signal shall be sinulated at the device. |t shall be
verified that the filter alarmis initiated. The differentia
pressure switch shall be set at the setpoint.

(7) Wth the HVAC systemrunning, a freezestat trip input signa
shal |l be sinmulated at the device. HVAC system shutdown shall be
verified. It shall be verified that a lowtenperature alarmis
initiated. The freezestat shall be set at the setpoint. The HVAC
system shall be restarted by manual restart and it shall be
verified that the alarmreturns to normal

(8) Wth the HVAC systemrunning, a snoke detector trip input
signal shall be sinulated at each detector, and control device
actions and interlock functions as described in the Sequence of
Operation shall be verified. Sinmulation shall be perforned

wi thout false-alarming any Life Safety systens. |t shall be
verified that the HVAC system shuts down and that the snoke
detector alarmis initiated. The detectors shall be reset. The
HVAC system shall be restarted by nanual reset, and it shall be
verified that the alarmsignal is changed to a return-to-nornal
si gnal .

(9) The setpoint of each roomthernostat shall be changed and
correct operation of the zone danper and the heating coil valve
shall be verified for each zone. Each roomthernostat shall be
calibrated and set at its setpoint.
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3.4.17 Variable Air Volune Control System- Wthout Return Fan
Steps for installation shall be as foll ows:

a. Step 1 - System Inspection: The HVAC system shall be observed in
its shutdown condition. The systemshall be checked to see that power and
main air are avail able where required, the outside air and relief air
danpers are closed, the return air danmper is open, and the supply fan inlet
vanes and cooling coil valve are cl osed.

b. Step 2 - Calibration Accuracy Check with HVAC System in Shut down:
Readi ngs shall be taken with a digital thernmoneter at each tenperature
sensing el enent |ocation. Each tenperature shall be read at the DDC
controller, and the thernmoneter and DDC system di spl ay readi ngs | ogged.

The calibration accuracy of the sensing el enent-to-DDC system readout for
outside air, return air, mxed air, and the cooling coil discharge
tenperatures shall be checked. The mininumoutside air flow shall be read,
using a digital indicating veloneter, and the vel ometer and DDC system

di spl ay readings | ogged. The flow should read zero.

c. Step 3 - Actuator Range Adjustnents: A signal shall be applied to
the actuators through an operator entered value to the DDC system The
proper operation of the actuators and positioners for all danpers and
val ves shall be visually verified. The signal shall be varied fromlive
zero to full range, and it shall be verified that the actuators travel from
zero stroke to full stroke within the signal range. It shall be verified
that all sequenced and parallel operated actuators nove fromzero stroke to
full stroke in the proper direction, and nove the connected device in the
proper direction fromone extrene position to the other

d. Step 4 - Control System Conmi ssi oning:

(1) Wth the fan ready to start, the control systemshall be
placed in the ventilation delay node and in the occupi ed node

t hrough operator entered values. It shall be verified that supply
fan [ ] starts. It shall be verified that the outside air
danmpers and relief danper are closed, the return air danper is
open, and the cooling coil valve and inlet vanes are under

control, by sinulating a change in the fan di scharge tenperature.
The system shall be placed out of the ventilation delay node, and
it shall be verified that the econoni zer outside air and reli ef
air danpers remain closed, the return air danper renai ns open, and
the m ni num out si de air danper cones under control

(2) The two-point calibration accuracy check of sensing

el ement -t o- DDC system readout for the m ni numoutside air flow
measur enent station shall be perfornmed. Force all VAV box danpers
to the full open position, turn all exhaust fans off, manually

adj ust the supply duct static pressure to achieve the design duct
static pressure, and nmanually adjust the mninmumoutside air flow
to achieve a flow which is approximtely 25% | ess than the desired
air flow Under these conditions, the mininmumoutside air flow
control loop shall be tuned. Confirm stable operation of the

m ni num outside air flow control loop in response to a process
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di st ur bance.

(3) Wth supply fan [ ] running, a high static pressure input
signal shall be sinulated at the device, by pressure input to the
differential pressure switch sensing device. HVAC system shutdown
shal |l be verified; it shall be verified that the high static
pressure alarmis initiated. The differential pressure switch
shal |l be set at the setpoint. The HVAC systemshall be restarted
by manual reset, and it shall be verified that the high static
pressure alarmreturns to normal

(4) The two-point calibration accuracy check for sensing
el ement -t o- DDC system readout for the static pressure in the
supply duct shall be perforned.

(5) The econom zer node shall be sinulated by a change in the
outside air tenperature and the return air tenperature through
operator entered values and it shall be verified that the system
goes into the econom zer node. The m xed air tenperature shall be
artificially changed through operator entered values to slightly
open the econom zer outside air danper and the second point of the
two- poi nt calibration accuracy check of sensing el enent-to-DDC
systemreadout for outside air, return air, and mxed air
tenperatures shall be perforned. The tenperature setpoint shal

be set as shown.

(6) The two-point calibration accuracy check of sensing

el ement -t o- DDC system readout for the fan discharge tenperature
shal |l be performed. The setpoint for the fan di scharge
tenperature shall be set as shown. A change shall be sinulated in
the discharge air tenperature through an operator entered val ue
and it shall be verified that the control valve is nodul ated

(7) The control systemshall be placed in the unoccupi ed node and
it shall be verified that the HVAC system shuts down and the
control system assunes the specified shutdown conditions. The
space tenperature shall be artificially changed to bel ow t he night
setback tenperature setpoint, and it shall be verified that the
HVAC system starts; the space tenperature shall be artificially
changed to above the night setback setpoint, and it shall be
verified that the HVAC system stops. The night setback
tenperature setpoint shall be set at the setpoint shown.

(8) Wth the HVAC systemrunning, a filter differential pressure
switch input signal shall be sinulated at the device. |t shall be
verified that the filter alarmis initiated. The differentia
pressure switch shall be set at the setpoint. This shall be
perfornmed for each filter.

(9) Wth the HVAC systemrunning, a freezestat trip input signa
shal |l be sinmulated at the device. HVAC system shutdown shall be
verified. It shall be verified that a |low tenperature alarmis
initiated. The freezestat shall be set at the setpoint. The HVAC
system shall be restarted by manual restart and it shall be
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verified that the alarmreturns to nornal

(10) Wth the HVAC system running, a snoke detector trip input
signal shall be sinulated at each detector, and control device
actions and interlock functions as described in the Sequence of
Operation shall be verified. Sinmulation shall be perforned

wi thout false-alarming any Life Safety systens. |t shall be
verified that the HVAC system shuts down and the snoke detector
alarmis initiated. The detectors shall be reset. The HVAC
system shall be restarted by manual reset, and it shall be
verified that the alarmreturns to normal

(11) Velocity setpoints shall be set for m ninum and nmaxi num fl ow
and tenperature setpoints for the heating/cooling dead band, for
each VAV ternminal unit. The actions of the controller, the
operation of the danper, and the operation of heating shall be
verified. It shall be verified that space tenperature is

mai nt ai ned.

3.4.18 Variable Air Volune Control System- Wth Return Fan
Steps for installation shall be as foll ows:

a. Step 1 - System Inspection: The HVAC system shall be observed in
its shutdown condition. It shall be verified that power and main air are
avai | abl e where required, and that the outside air and relief air danpers
are closed, the return air danper is open, and that the supply fan and
return/relief fan inlet vanes and cooling coil valve are cl osed.

b. Step 2 - Calibration Accuracy Check with HVAC System Shut down:
Readi ngs shall be taken with a digital thernmoneter at each tenperature
sensing el enent |ocation. Each tenperature shall be read at the DDC
controller, and the thernmoneter and DDC system di spl ay readi ngs | ogged.

The calibration accuracy of the sensing el enent-to-DDC system readout for
outside air, return air, mxed air, and cooling coil discharge tenperatures
shal |l be checked. The mininumoutside air flow, supply air flow, and
return air flow shall be read, using a digital indicating vel oneter, and
the vel ometer and DDC system di spl ay readi ngs | ogged. The flows shoul d
read zero

c. Step 3 - Actuator Range Adjustnents: A signal shall be applied to
the actuators through an operator entered value at the DDC system The
proper operation of the actuators and positioners for all danpers and
val ves shall be visually verified. The signal shall be varied fromlive
zero to full range, and actuator travel shall be verified fromzero stroke
to full stroke within the signal range. It shall be verified that al
sequenced and paral |l el operated actuators nove from zero stroke to ful
stroke in the proper direction, and nove the connected device in the proper
direction fromone extreme position to the other

d. Step 4 - Control System Conmi ssi oning:
(1) Wth the fans ready to start, the control systemshall be

placed in the ventilation delay node and in the occupi ed node, and
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it shall be verified that supply fan [__ ] and return fan

[ ] start. It shall be verified that the outside air danpers
and relief air danper are closed, the return air danper is open,
and the cooling coil valve and inlet vanes are under control, by
simulating a change in the fan di scharge tenperature. The system
shal | be placed out of the ventilation delay node, and it shall be
verified that the econom zer outside air and relief air danpers
remain cl osed, the return air danper renains open, and the m ni num
out side air danper cones under control

(2) The two-point calibration accuracy check of sensing

el ement -t o- DDC system readout for the m ninumoutside air flow
measur enent station shall be perfornmed. Force all VAV box danpers
to the full open position, turn all exhaust fans off, manually

adj ust the supply duct static pressure to achi eve the design duct
static pressure, nanually adjust the output to the return fan to
establish the design differential flow difference between the
supply and return duct flows, and nmanually adjust the m ni num
outside air flowto achieve a flow which is approxi mately 25% | ess
than the desired air flow Under these conditions, the m ninum
outside air flow control |oop shall be tuned. Confirmstable
operation of the m ninmumoutside air flow control |oop in response
to a process disturbance.

(3) The starter switch of return fan [ __ ] shall be turned to
the "OFF" position, and the inlet vane danper shall be opened.
Wth supply fan [ ] running, a high static pressure input
signal shall be sinulated at the device by a pressure input to the
sensi ng device. HVAC system shutdown shall be observed, and it
shal |l be verified that the high static alarmis initiated. The
HVAC system shall be restarted by nanual reset, and it shall be
verified that the high static alarmreturns to nornal

(4) The two-point accuracy check of sensing el enent-to-DDC system
readout for the static pressure in the supply duct shall be
per f or ned.

(5) Each VAV terminal unit controller's mninmmflow and maxi num
flow setpoints shall be set at the sane setting. This will

prevent the VAV box danper from nodul ati ng under space tenperature
control and will achieve a constant supply duct system pressure
drop. The return fan inlet vane shall be placed under control

and the starter switch shall be turned to the "AUTO' position so
that the fan starts. The two-point calibration accuracy check of
sensi ng el ement-to-DDC systemreadout for the air flow neasurenent
stations shall be perfornmed. The supply fan inlet vane shall be
operated nmanually to change the supply fan flow, and the contro
system shall be set to control at [__ ] cfmat 4-na input and
[ ] cfmat 20-ma input. The supply fan flow shall be changed
to verify that the return flow setpoint tracks the supply fan fl ow
with the proper flow differential.

(6) The econom zer node shall be sinulated by a change in the
outside air tenperature and the return air tenperature through
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operator entered values and it shall be verified that the system
goes into the econonmi zer node. The m xed air tenperature shall be
artificially changed through operator entered values to slightly
open the econom zer outside air danper and the second point of the
two- poi nt calibration accuracy check of sensing el enent-to-DDC
systemreadout for outside air, return air, and mxed air
tenperatures shall be perforned. The tenperature setpoint shal

be set as shown.

(7) The two-point calibration accuracy check of sensing

el ement -t o- DDC system readout for the fan discharge tenperature
shal |l be performed. The setpoint for the fan di scharge
tenperature shall be set as shown. A change shall be sinulated in
the discharge air tenperature through an operator entered val ue
and it shall be verified that the control valve is nodul ated

(8) The control systemshall be placed in the unoccupied node and
it shall be verified that the HVAC system shuts down and the
control system assunes the specified shutdown conditions. The
space tenperature shall be artificially changed to bel ow t he night
setback tenperature setpoint, and it shall be verified that the
HVAC system starts; the space tenperature shall be artificially
changed to above the night setback tenperature setpoint and it
shal |l be verified that the HVAC system stops. The ni ght setback
tenperature setpoint shall be set at the setpoint.

(9) Wth the HVAC systemrunning, a filter differential pressure
switch input signal shall be sinulated at the device. |t shall be
verified that the filter alarmis initiated. The differentia
pressure switch shall be set at the setpoint as shown. This shal
be perforned for each filter

(10) Wth the HVAC systemrunning, a freezestat trip input signa
shal |l be sinmulated at the device. HVAC system shutdown shall be
verified. It shall be verified that a |low tenperature alarmis
initiated. The freezestat shall be set at the setpoint as shown.
The HVAC system shall be restarted by manual restart and it shal
be verified that the alarmreturns to nornal

(11) Wth the HVAC system running, a snoke detector trip input
signal shall be sinulated at each device. Control device actions
and interlock functions as described in the Sequence of Operation
shal |l be verified. Sinulation shall be perforned wthout
false-alarmng any Life Safety systens. It shall be verified that
the HVAC system shuts down and the snoke detector alarmis
initiated. The detectors shall be reset. The HVAC system shal

be restarted by nmanual reset, and the alarmreturn-to-nornal shal
be verified.

(12) For each VAV terminal unit, velocity setpoints shall be set
for m ninum and maxi nrum fl ow, and tenperature setpoints for the
heati ng/ cooli ng dead band. The actions of the controller, the
operation of the danper, and the operation of heating shall be
verified. It shall be verified that space tenperature is
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mai nt ai ned.
3.4.19 Singl e Zone with Hydronic Heating and Cooling Coils; No Return Fan
Steps for installation shall be as foll ows:

a. Step 1 - System Inspection: The HVAC systemshall be verified in
its shutdown condition. The systemshall be checked to see that power and
main air are avail able where required, that the outside air danper, relief
air danper, and cooling coil valve are closed, and that the return air
danper is open.

b. Step 2 - Calibration Accuracy Check with HVAC System Shut down:
Readi ngs shall be taken with a digital thernmoneter at each tenperature
sensing el enent |ocation. Each tenperature shall be read at the DDC
controller, and the thernmoneter and DDC system di spl ay readi ngs | ogged.
The calibration accuracy of the sensing el enent-to-DDC system readout for
outside air, return air, and space tenperatures shall be checked.

c. Step 3 - Actuator Range Adjustnents: A signal shall be applied to
the actuator through an operator entered value to the DDC system The
proper operation of the actuators and positioners for all danpers and
val ves shall be visually verified. The signal shall be varied fromlive
zero to full range, and the actuator travel fromzero stroke to full stroke
within the signal range shall be verified. It shall be verified that al
sequenced and parall el -operated actuators nove from zero stroke to ful
stroke in the proper direction, and nove the connected device in the proper
direction fromone extreme position to the other

d. Step 4 - Control System Conmi ssi oning:

(1) Wth the fan ready to start, the control systemshall be
placed in the ventilation delay node and in the occupi ed node, and
it shall be verified that supply fan [ ] starts. It shall be
verified that the outside air and relief air danpers are closed,
the return air danper is open, and the heating coil and cooling
coil valves are under control, by sinmulating a change in the space
tenperature through an operator entered value. The control system
shal | be placed out of the ventilation delay node, and it shall be
verified that the outside air, return air, and relief air danpers
come under control by sinulating a change in the space tenperature.

(2) The control systemshall be placed in the mninmumoutside air
node. It shall be verified that the outside air danper opens to
m ni mum posi tion.

(3) The econom zer node shall be sinulated by a change in the
outside air tenperature and the return air tenperature through
operator entered values and it shall be verified that the system
goes into the econom zer node. The space tenperature shall be
artificially changed through operator entered values to slightly
open the outside air danper and the second point of the two-point
calibration accuracy check of sensing el enent-to-DDC system
readout for outside air, return air, and space tenperatures shal
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be perfornmed. The space tenperature setpoint shall be set as
shown.

(4) An unoccupi ed node signal shall be applied, and it shall be
verified that the HVAC system shuts down, and the control system
assunes the specified shutdown conditions. The space tenperature
shall be artificially changed to bel ow the ni ght setback
tenperature setpoint, and it shall be verified that the HVAC
system starts; the space tenperature shall be set to above the

ni ght setback setpoint, and it shall be verified that the HVAC
system stops. The night setback tenperature setpoint shall be set
at the setpoint as shown.

(5) Wth the HVAC systemrunning, a filter differential pressure
switch input signal shall be sinulated at the device. |t shall be
verified that the filter alarmis initiated. The differentia
pressure switch shall be set at the setpoint.

(6) Wth the HVAC systemrunning, a freezestat trip input signa
shal |l be sinmulated at the device. HVAC system shutdown shall be
verified. It shall be verified that a low tenperature alarmis
initiated. The freezestat shall be set at the setpoint. The HVAC
system shall be restarted by manual restart and it shall be
verified that the alarmreturns to normal

(7) Wth the HVAC systemrunning, a snoke detector trip input
signal at each detector shall be sinulated, and control device
actions and interlock functions as described in the Sequence of
Operation shall be verified. Sinmulation shall be perforned

wi thout false-alarming any Life Safety systens. |t shall be
verified that the HVAC system shuts down and that the snoke
detector alarmis initiated. The detectors shall be reset. The
HVAC system shall be restarted by nanual reset, and it shall be
verified that the alarmreturns to normal

3.4.20 Single Zone with Dual Tenperature Coil; No Return Fan
Steps for installation shall be as foll ows:

a. Step 1 - System Inspection: The HVAC systemshall be verified in
its shutdown condition. The systemshall be checked to see that power and
main air are avail able where required, the outside air danper, relief air
danper, and cooling coil valve are closed, and that the return air danper
i's open.

b. Step 2 - Calibration Accuracy Check with HVAC System Shut down:
Readi ngs shall be taken with a digital thernmoneter at each tenperature
sensing elenent |ocation. Each tenperature shall be read at the DDC
controller, and the thernmoneter and DDC system di spl ay readi ngs | ogged.
The calibration accuracy of the sensing el enent-to-DDC system readout shal
be checked for outside air, return air, and space tenperatures.

c. Step 3 - Actuator Range Adjustnents: A signal shall be applied to
the actuator through an operator entered value to the DDC system The
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proper operation of the actuators and positioners for all danpers and

val ves shall be visually verified. The signal shall be varied fromlive
zero to full range, and it shall be verified that the actuators travel from
zero stroke to full stroke within the signal range. It shall be verified
that all sequenced and parallel operated actuators nove fromzero stroke to
full stroke in the proper direction and nove the connected device in the
proper direction fromone extrene position to the other

d. Step 4 - Control System Conmi ssi oning:

(1) Wth the fan ready to start, the control systemshall be
placed in the ventilation delay node and in the occupi ed node, and
it shall be verified that supply fan [ ] starts. It shall be
verified that the outside air and relief air danpers are closed,
the return air danper is open, and the dual -tenperature coi

control valve is under control, by sinmulating a change in the
space tenperature. The control systemshall be placed out of the
ventilation delay node, and it shall be verified that the outside
air, return air, and relief air danpers conme under control by
simulating a change in the controller output.

(2) The control systemshall be placed in the mninmumoutside air
node. It shall be verified that the outside air danper opens to
m ni mum posi tion.

(3) The econom zer node shall be sinulated by a change in the
outside air tenperature and the return air tenperature through
operator entered values and it shall be verified that the system
goes into the econom zer node. The space tenperature shall be
artificially changed through operator entered values to slightly
open the outside air danper and the second point of the two-point
calibration accuracy check of sensing el enent-to-DDC system
readout for outside air, return air, and space tenperatures shal
be perfornmed. The space tenperature setpoint shall be set as
shown.

(4) Dual -tenperature hydroni c changeover operation of aquastat
shal |l be sinmulated. Control system selection of opposite season
space tenperature control shall be verified by artificially
changi ng the dual -tenperat ure hydroni c tenperature.

(5) The control systemshall be placed in the unoccupi ed node,
and it shall be verified that the HVAC system shuts down, and the
control system assunes the specified shutdown conditions. The
space tenperature shall be artificially changed to bel ow t he night
setback tenperature setpoint, and it shall be verified that the
HVAC system starts; the space tenperature shall be artificially
changed to above the night setback tenperature setpoint and it
shal|l be verified that the HVAC system stops. The ni ght setback
tenperature setpoint shall be set at the setting as shown.

(6) Wth the HVAC systemrunning, a filter differential pressure

switch input signal shall be sinulated at the device. |t shall be
verified that the filter alarmis initiated. The differentia
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pressure switch shall be set at the setpoint.

(7) Wth the HVAC systemrunning, a freezestat trip input signa
shal |l be sinmulated at the device. HVAC system shutdown shall be
verified. It shall be verified that a |low tenperature alarmis
initiated. The freezestat shall be set at the setpoint. The HVAC
system shall be restarted by manual restart and it shall be
verified that the alarmreturns to normal

(8) Wth the HVAC systemrunning, a snoke detector trip input
signal shall be sinulated at each detector, and control device
actions and interlock functions as described in the Sequence of
Operation shall be verified. Sinmulation shall be perforned

wi thout false-alarming any Life Safety systens. |t shall be
verified that the HVAC system shuts down and that the snoke
detector alarmis initiated. The detectors shall be reset. The
HVAC system shall be restarted by nanual reset, and it shall be
verified that the alarmreturns to normal

3.4.21 Single Zone with Humi dification; No Return Fan
Steps for installation shall be as foll ows:

a. Step 1 - System lInspection: The HVAC systemshall be verified in
its shutdown condition. The systemshall be checked to see that power and
main air are avail able where required, and that the outside air danper,
hum difier valve and cooling coil valve are cl osed.

b. Step 2 - Calibration Accuracy Check with HVAC System Shut down:
Readi ngs shall be taken with a digital thernmoneter at each tenperature
sensing elenents location. Each tenperature shall be read at the DDC
controller, and the thernmoneter and DDC system di spl ay readi ngs | ogged.

The calibration accuracy of the sensing el enent-to-DDC system readout for
outside air, return air, mxed air, and cooling coil discharge tenperatures
shal |l be checked. A motor-driven psychroneter shall be used to check the
wet -bul b and dry-bulb tenperatures of the humdifier discharge air and of
the air in the space, and the psychroneter, and DDC system di spl ay readi ngs
shal | be read and | ogged.

c. Step 3 - Actuator Range Adjustnents: A signal shall be applied to
the actuator, through an operator entered value to the DDC system The
proper operation of the actuators and positioners for all danpers and
val ves shall be visually verified. The signal shall be varied fromlive
zero to full range, and the actuators travel shall be verified fromzero
stroke to full stroke within the signal range. It shall be verified that
all sequenced and parallel operated actuators nove fromzero stroke to ful
stroke in the proper direction, and nove the connected device in the proper
direction fromone extreme position to the other

d. Step 4 - Control System Conmi ssi oning:
(1) Wth the fan ready to start, the control systemshall be

placed in the ventilation delay node and in the occupi ed node, and
it shall be verified that supply fan | ] starts. It shall be
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verified that the outside air danper is closed, and the heating
coil, cooling coil, and hunmidifier valves are under control, by
simulating a change in the space hunmdity and the space
tenperature. The systemshall be placed out of the ventilation
del ay node, and it shall be verified that the outside air danper
opens.

(2) The two-point calibration accuracy check of sensing

el ement -t o- DDC system readout for the preheat coil discharge air
tenperature shall be perforned. The setpoint for the coi

di scharge air tenperature shall be set as shown. A change shal
be sinulated in the coil discharge air tenperature through an
operator entered value and it shall be verified that the preheat
coil control valve is nodul ated

(3) The calibration accuracy check for sensing el enent-to-DDC
system readout for the space tenperature shall be perforned. The
space tenperature setpoint shall be set as shown. A change shal
be sinulated in the space tenperature and it shall be verified
that the heating coil valve and cooling coil valve are under
control

(4) The calibration accuracy check for sensing el enent-to-DDC
system readout for the space relative humdity shall be perforned.
An identical calibration accuracy check for the duct relative
hum dity shall be perforned. The space relative humidity and the
duct relative humidity setpoints shall be set as shown. A change
shall be simulated in the space relative humdity or in the duct
relative hunmidity and it shall be verified that the hunidifier

val ve and cooling coil valve are under control

(5) The hydronic heating tenperature controller "MANUAL/ AUTO'
station shall be indexed to the "MANUAL" position. The controller
out put shall be changed to open the converter valve slightly. The
2-point calibration accuracy check for sensing el enent-to-DDC
system readout for the space tenperature shall be perforned. The
tenperature setpoint shall be set as shown.

(6) The control systemshall be placed in the unoccupied node and
it shall be verified that the HVAC system shuts down, and the
control system assunes the specified shutdown conditions. The
space tenperature shall be artificially changed to bel ow t he night
setback tenperature setpoint and it shall be verified that the
HVAC system starts; the space tenperature shall be artificially
changed to above the night setback tenperature setpoint, and it
shal|l be verified that the HVAC system stops. The ni ght setback
tenperature setpoint shall be set at the setpoint as shown.

(7) Wth the HVAC systemrunning, a filter differential pressure
switch input signal shall be sinulated at the device. |t shall be
verified that the filter alarmis initiated. The differentia
pressure switch shall be set at the setpoint.

(8) Wth the HVAC systemrunning, a freezestat trip input signa
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shal |l be sinmulated at the device. HVAC system shutdown shall be
verified. It shall be verified that a low tenperature alarmis
initiated. The freezestat shall be set at the setpoint. The HVAC
system shall be restarted by manual restart and it shall be
verified that the alarmreturns to normal

(9) Wth the HVAC systemrunning, a snoke detector trip input
signal shall be sinulated at each detector, and control device
actions and interlock functions as described in the Sequence of
Operation shall be verified. Sinmulation shall be perforned

wi thout false-alarming any Life Safety systens. |t shall be
verified that the HVAC system shuts down and that the snoke
detector alarmis initiated. The detectors shall be reset. The
HVAC system shall be restarted by nanual reset, and it shall be
verified that the alarmreturns to normal

3.4.22 Singl e Zone with Hydronic Heating Direct Expansion Cooling
Steps for installation shall be as foll ows:

a. Step 1 - System lInspection: The HVAC systemshall be verified in
its shutdown condition. The systemshall be checked to see that power and
main air are avail able where required, the outside air danper and relief
air danmper are closed, all stages of cooling are off, and that the return
air damper is open.

b. Step 2 - Calibration Accuracy Check with HVAC System Shut down:
Readi ngs shall be taken with a digital thernmoneter at each tenperature
sensing el enent |ocation. Each tenperature shall be read at the DDC
controller, and the thernmoneter and DDC system di spl ay readi ngs | ogged.
The calibration accuracy of the sensing el enent-to-DDC system readout for
outside air, return air, and space tenperatures shall be checked.

c. Step 3 - Actuator Range Adjustnents: A signal shall be applied to
the actuator, through an operator entered value to the DDC system The
proper operation of the actuators and positioners for all danpers and
val ves shall be visually verified. The signal shall be varied fromlive
zero of 4 ma to 20 ma, and it shall be verified that the actuators travel
fromzero stroke to full stroke within the signal range. It shall be
verified that all sequenced and parallel operated actuators nove from zero
stroke to full stroke in the proper direction and nove the connected device
in the proper direction fromone extrene position to the other. Exanple:
NC actuators are closed at 4 ma and are open at 20 ma. The signal |evels
that nmove the controlled device to its extrene positions shall be | ogged.
The operating points of the sequence shall be set for each stage of cooling
and the proper operation of each stage shall be verified.

d. Step 4 - Control System Conmi ssi oning:

(1) Wth the fan ready to start, the control systemshall be
placed in the ventilation delay node and in the occupi ed node, and
it shall be verified that supply fan [ ] starts. It shall be
verified that the outside air and relief air danpers are closed,
the return air danper is open, and the heating coil and stages of
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cooling are under control, by sinulating a change in the space
tenperature. The control systemshall be placed out of the
ventilation delay node, and it shall be verified that the outside
air, return air, and relief air danpers come under control by
simulating a change in the mxed air tenperature.

(2) The control systemshall be placed in the mninmumoutside air
node. It shall be verified that the outside air danper opens to
m ni mum posi tion.

(3) The econom zer node shall be sinulated by a change in the
outside air tenperature and the return air tenperature through
operator entered values and it shall be verified that the system
goes into the econonmi zer node. The space tenperature shall be
artificially changed through operator entered values to slightly
open the outside air danper and the second point of the two-point
calibration accuracy check of sensing el enent-to-DDC system
readout for outside air, return air, and space tenperatures shal
be perfornmed. The space tenperature setpoint shall be set as
shown. A change in space tenperature shall be sinulated and it
shal|l be verified that the heating coil valve and the stages of
D/ X cooling operate in sequence as shown.

(4) The control systemshall be placed in the unoccupi ed node,
and it shall be verified that the HVAC system shuts down, and the
control system assunes the specified shutdown conditions. The
space tenperature shall be artificially changed to bel ow t he night
setback tenperature setpoint, and it shall be verified that the
HVAC system starts; the space tenperature shall be artificially
changed to above the night setback tenperature setpoint, and it
shal|l be verified that the HVAC system stops. The ni ght setback
tenperature setpoint shall be set at the setpoint as shown.

(5) Wth the HVAC systemrunning, a filter differential pressure
switch input signal shall be sinulated at the device. |t shall be
verified that the filter alarmis initiated. The differentia
pressure switch shall be set at the setpoint as shown.

(6) Wth the HVAC systemrunning, a freezestat trip input signa
shal |l be sinmulated at the device. HVAC system shutdown shall be
verified. It shall be verified that a lowtenperature alarmis
initiated. The freezestat shall be set at the setpoint. The HVAC
system shall be restarted by manual restart and it shall be
verified that the alarmreturns to normal

(7) Wth the HVAC systemrunning, a snoke detector trip input
signal shall be sinulated at each detector, and control device
actions and interlock functions as described in the Sequence of
Operation shall be verified. Sinmulation shall be perforned

wi thout false-alarming any Life Safety systens. |t shall be
verified that the HVAC system shuts down and that the snoke
detector alarmis initiated. The detectors shall be reset. The
HVAC system shall be restarted by nanual reset, and it shall be
verified that the alarmreturns to normal
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3.5 BALANCI NG COWM SSI ONI NG, AND TESTI NG
3.5.1 Coordi nation with HYAC System Bal anci ng

Conmi ssi oning of the control system except for tuning of controllers,
shal |l be perforned prior to or sinultaneous with HVAC system bal anci ng

The contractor shall tune the HVAC control systemafter all air system and
hydroni ¢ system bal anci ng has been conpl et ed, m ni mum danper positions set
and a report has been issued.

3.5.2 Control System Calibration, Adjustnents, and Conm ssioni ng

Control system conmi ssioning shall be performed for each HVAC system using
test plans and procedures previously approved by the Governnent. The
Contractor shall provide all personnel, equipnment, instrunentation, and
supplies necessary to perform conm ssioning and testing of the HVAC control
system All instrunentation and controls shall be calibrated and the

speci fied accuracy shall be verified using test equipnent with calibration
traceable to NI ST standards. Wring shall be tested for continuity and for
ground, open, and short circuits. Tubing systens shall be tested for

| eaks. Mechanical control devices shall be adjusted to operate as
specified. HVAC control panels shall be pretested off-site as a
functioning assenbly ready for field connections, calibration, adjustnent,
and comi ssioning of the operational HVAC control system Control
paranmeters and logic (virtual) points including control |oop setpoints,
gai n constants, and integral constraints, shall be adjusted before the
systemis placed on |line. Communications requirenents shall be as
indicated. Witten notification of any planned comm ssioning or testing of
t he HVAC Control systens shall be given to the Governnent at |east 14

cal endar days in advance.

3.5.3 Per f ormance Verification Test

The Contractor shall denonstrate conpliance of the HVAC control systemwith
the contract documents. Using test plans and procedures previously
approved by the Governnent, the Contractor shall denobnstrate all physica
and functional requirenents of the project. The perfornmance verification
test shall show, step-by-step, the actions and results denmonstrating that
the control systens performin accordance with the sequences of operation
The performance verification test shall not be started until after receipt
by the Contractor of witten permi ssion by the Governnent, based on

Gover nment approval of the Conm ssioning Report and conpl etion of

bal anci ng. The tests shall not be conducted during schedul ed seasonal off
peri ods of base heating and cooling systens.

3.5.4 Endur ance Test

The endurance test shall be used to denpbnstrate the specified overal
systemreliability requirement of the conpleted system The endurance test
shall not be started until the Government notifies the Contractor in
witing that the performance verification test is satisfactorily conpl eted.
The Governnent nmay terninate the testing at any tine when the systemfails
to performas specified. Upon termnation of testing by the Government or

SECTI ON 15951A Page 126



Ful ly Contained Small Arns Range, WPAFB A03R0005
Amendnent 4

by the Contractor, the Contractor shall comrence an assessnent period as
descri bed for Phase Il. Upon successful conpletion of the endurance test,
the Contractor shall deliver test reports and other docunentation as
specified to the Governnent prior to acceptance of the system

a. Phase | (Testing). The test shall be conducted 24 hours per day,
7 days per week, for 15 consecutive cal endar days, including holidays, and
the system shall operate as specified. The Contractor shall nake no
repairs during this phase of testing unless authorized by the Governnment in
writing.

b. Phase Il (Assessnent). After the conclusion of Phase I, the
Contractor shall identify failures, deternine causes of failures, repair
failures, and deliver a witten report to the Government. The report shal
explain in detail the nature of each failure, corrective action taken
results of tests perforned, and shall recomrend the point at which testing
shoul d be resuned. After delivering the witten report, the Contractor
shal |l convene a test review neeting at the jobsite to present the results
and recommendations to the Governnent. As a part of this test review
neeting, the Contractor shall denonstrate that all failures have been
corrected by perform ng appropriate portions of the performance
verification test. Based on the Contractor's report and test review
neeting, the Governnent may require that the Phase | test be totally or
partially rerun. After the conclusion of any retesting which the
Government may require, the Phase Il assessnent shall be repeated as if
Phase | had just been conpl et ed.

3.5.5 Post ed and Panel |nstructions

Posted and Panel Instructions, showing the final installed conditions,
shal | be provided for each system The posted instructions shall consist
of lam nated hal f-size drawi ngs and shall include the control system
schemati c, equi pnment schedul e, sequence of operation, wring diagram
conmuni cati on network di agram and val ve and danper schedul es. The posted
i nstructions shall be permanently affixed, by nechanical neans, to a wal
near the control panel. Panel instructions shall consist of |an nated
letter-size sheets and shall include a Routine Mintenance Checklist and
as-built configuration check sheets. Panel instructions and one copy of
the Operation and Mai ntenance Manual s, previously described herein, shal
be pl aced inside each control panel or permanently affixed, by mechanica
neans, to a wall near the panel

3.6 TRAIN NG
3.6.1 Trai ni ng Course Requirenents

A training course shall be conducted for | ] operating staff nenbers
designated by the Contracting O ficer in the maintenance and operation of
the system including specified hardware and software. The training
period, for a total of [32] | ] hours of normal working time, shall be
conducted within 30 days after successful conpletion of the performance
verification test. The training course shall be conducted at the project
site. Audiovisual equipnent and | ] sets of all other training
materials and supplies shall be provided. A training day is defined as 8
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hours of classroominstruction, including two 15 m nute breaks and
excl udi ng lunchtine, Monday through Friday, during the daytine shift in
effect at the training facility.

3.6.2 Trai ni ng Course Content

For gui dance in planning the required instruction, the Contractor shal
assune that attendees will have a high school education or equival ent, and
are famliar with HVAC systens. The training course shall cover all of the
material contained in the Operati ng and Mai ntenance Instructions, the

| ayout and | ocation of each HVAC control panel, the | ayout of one of each
type of unitary equiprment and the |l ocations of each, the |location of each
control device external to the panels, the |ocation of the conpressed air
station, preventive maintenance, troubl eshooting, diagnostics, calibration
adj ustment, commi ssioning, tuning, and repair procedures. Typical systens
and simlar systens nay be treated as a group, with instruction on the
physi cal |ayout of one such system The results of the perfornance
verification test and the calibration, adjustnent and comm ssioning report
shal | be presented as benchnarks of HVAC control system perfornmance by

whi ch to neasure operation and nai ntenance effectiveness.

-- End of Section --

SECTI ON 15951A Page 128



Ful ly Contained Small Arns Range, WPAFB A03R0005
Amendnent 4

SECTI ON TABLE OF CONTENTS
DI VI SION 15 - MECHANI CAL
SECTI ON 15995A
COW SSI ONI NG OF HVAC SYSTEMS

12/01

PART 1 GENERAL

1 SUBM TTALS
.2 SEQUENCI NG AND SCHEDULI NG

(R

PART 2 PRODUCTS  (Not Applicabl e)

PART 3 EXECUTI ON

COWM SSI ONI NG TEAM AND CHECKLI STS
TESTS

1 Pr e- Comm ssi oni ng Checks

2 Functi onal Perfornmance Tests

w w

.1
.2
3. 2.
3. 2.

-- End of Section Table of Contents --

SECTI ON 15995A Page 1



Ful ly Contained Small Arns Range, WPAFB A03R0005
Amendnent 4

SECTI ON 15995A

COW SSI ONI NG OF HVAC SYSTEMS
12/01

PART 1 GENERAL

1.

1.

1 SUBM TTALS

CGovernment approval is required for submttals with a "G' designation;
submittals not having a "G' designation are for infornmation only. Wen
used, a designation following the "G' designation identifies the office
that will review the submittal for the Governnent. The follow ng shall be
subm tted in accordance with Section 01330 SUBM TTAL PROCEDURES:

SD- 03 Product Data

Commi ssi oni ng Team [ 1, [ ]

Li st of team nenbers who will represent the Contractor in the
pre- conm ssi oni ng checks and functional performance testing, at
| east 2 weeks prior to the start of pre-conm ssioning checks.
Proposed revision to the list, prior to the start of the inpacted
wor K.

Test Procedures; | 1. 1 ]

Detai |l ed procedures for pre-conm ssioning checks and functi onal
performance tests, at least 4 weeks prior to the start of
pre- comm ssi oni ng checks.

Test Schedule; G [ ]

Schedul e for pre-conmmi ssioning checks and functional perfornance
tests, at least 2 weeks prior to the start of pre-comn ssioning

checks.
SD- 06 Test Reports
Test Reports; G [ |
Conpl et ed pre-comi ssioni ng checklists and functi onal
performance test checklists organi zed by system and by subsystem
and subnitted as one package. The results of failed tests shall

be included along with a description of the corrective action
t aken.

2  SEQUENCI NG AND SCHEDULI NG
The work described in this Section shall begin only after all work required

in related Sections, including Section 15950A HEATI NG, VENTILATI NG AND Al R
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CONDI TI ONI NG ( HVAC) CONTROL SYSTEMS and Section 15990A TESTI NG ADJUSTI NG
AND BALANCI NG OF HVAC SYSTEMS, has been successfully conpl eted, and al

test and inspection reports and operati on and nmi nt enance nanual s required
in these Sections have been subnitted and approved. Seismc details shall be
in accordance with Sections 13080 SElI SM C PROTECTI ON FOR M SCELLANEQUS

EQUI PMENT and 15070A SEI SM C PROTECTI ON FOR MECHANI CAL EQUI PMENT [ as

i ndi cat ed]

PART 2 PRODUCTS  (Not Applicable)

PART 3 EXECUTI ON

3.

1 COWM SSI ONI NG TEAM AND CHECKLI STS

The Contractor shall designate team nenbers to participate in the
pre-conm ssi oni ng checks and the functional performance testing specified
herein. In addition, the Governnent will be represented by a
representative of the Contracting O ficer, the Design Agent's
Representative, and the Using Agency. The team nenbers shall be as foll ows:

Desi gnati on Functi on
Q Contractor's Chief Quality Control Representative
M Contractor's Mechani cal Representative
E Contractor's Electrical Representative
T Contractor's Testing, Adjusting, and Bal anci ng

Representative

Contractor's Controls Representative
Desi gn Agent's Representative
Contracting Oficer's Representative
Usi ng Agency's Representative

cCooon

Each checkli st shown in appendices A and B shall be conpleted by the

conmi ssioning team Acceptance by each conmi ssioni ng team nenber of each
pre-conm ssi oning checklist itemshall be indicated by initials and date
unless an "X" is shown indicating that participation by that individual is
not required. Acceptance by each conm ssioning team nenber of each
functional perfornmance test checklist shall be indicated by signature and
dat e.

.2 TESTS

The pre-comm ssi oning checks and functional perfornmance tests shall be
perfornmed in a manner which essentially duplicates the checking, testing,
and inspection nethods established in the related Sections. \Were
checking, testing, and inspection nethods are not specified in other
Sections, nethods shall be established which will provide the infornmation
required. Testing and verification required by this section shall be
perfornmed during the Conm ssioning phase. Requirenents in related Sections
are independent fromthe requirements of this Section and shall not be used
to satisfy any of the requirenents specified in this Section. The
Contractor shall provide all materials, services, and | abor required to
performthe pre-conm ssioning checks and functional performance tests. A
pre-conmm ssi oni ng check or functional perfornance test shall be aborted if
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any system deficiency prevents the successful conpletion of the test or if
any participating non-Gover nment conmi ssioning team nenber of which
participation is specified is not present for the test. The Contractor
shal | reinburse the Governnent for all costs associated with effort | ost
due to tests that are aborted. These costs shall include salary, travel
costs and per diem (where applicable) for Government conm ssioning team
nenbers.

3.2.1 Pr e- Commi ssi oni ng Checks

Pr e- conm ssi oni ng checks shall be perforned for the itens indicated on the
checklists in Appendix A Deficiencies discovered during these checks
shall be corrected and retested in accordance with the applicable contract
requi renents.

3.2.2 Functi onal Performance Tests

Functional performance tests shall be perforned for the itens indicated on
the checklists in Appendix B. Functional perfornance tests shall begin
only after all pre-conm ssioning checks have been successfully conpl et ed.
Tests shall prove all nobdes of the sequences of operation, and shall verify
all other relevant contract requirenents. Tests shall begin with equi prent
or conponents and shall progress through subsystens to conpl ete systens.
Upon failure of any functional performance test checklist item the
Contractor shall correct all deficiencies in accordance with the applicable
contract requirenments. The checklist shall then be repeated until it has
been conpleted with no errors.
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APPENDI X A

PRE- COVM SSI ONI NG CHECKLI STS

Pre- comm ssi oni ng checklist - Piping
For | ] Piping System
Checklist Item Q M E T € D O U

Install ation

a. Piping conplete. - X __ X __
b. As-built shop draw ngs submtted. X
c. Piping flushed and cl eaned. X X
d. Strainers cleaned. - X __ X ___ __ ___
e. Valves installed as required. X __ X ___
f. Piping insulated as required. X X
g. Thernoneters and gauges installed as

required. - X __ X __
h. Verify operation of valves. X
i. Air vents installed as specified. X X x
j. Flexible connectors installed as specified =~ X X Xx

k. Verify that piping has been | abel ed and
val ves identified as specified. X

Testing, Adjusting, and Bal anci ng ( TAB)
a. Hydrostatic test conplete. X X

b. TAB operation conplete. X
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Pr e- conmi ssi oni ng Checklist - Ductwork

For Air Handler: [ ]

Checklist Item Q M E T € D O U

Install ation

a. Ductwork conplete. X __ X __
b. As-built shop draw ngs submtted. X
c. Ductwork |eak test conplete. X X ___

NOTE: The first bracketed itemd will be used for Arny projects, the
second for Air Force projects.

[d. Fire danpers, snoke danpers, and
access doors installed as required. X X ]

[d. Fire danpers, snoke danpers, and
access doors installed as required with
installation of each verified by the
specified team nenbers initialing each
| ocation on a copy of the as-built
dr awi ngs. X X ]

e. Ductwork insulated as required. X X

f. Thernoneters and gauges installed as

required.
g. Verify open/closed status of danpers. X
h. Verify snoke danpers operation. X
i. Flexible connectors installed as specified X _ x

Testing, Adjusting, and Bal anci ng ( TAB)

a. TAB operation conplete. X X
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Pre- comm ssi oni ng Checklist - Miltizone Air Handling Unit

For Air Handling Unit: [__ ]

Checklist Item Q M E T € D O U
Installation

a. Vibration isolation devices installed [and
freed to float with adequate novenent

and seismc restraint] as specified. X X x
b. Inspection and access doors are operable

and seal ed. - X __ X ___ __ ___
c. Casing undamaged. X X X
d. Insulation undamaged. X X X

e. Condensate drai nage i s unobstructed.
(Visually verify pan drains conpletely by

pouring a cup of water into drainpan.) X X X
f. Fan belt adjusted. S G G
g. Manufacturer's required nai ntenance

cl earance provi ded. X X x
El ectri cal
a. Power available to unit disconnect. X
b. Power available to unit control panel. X
c. Proper motor rotation verified. x

d. Verify that power disconnect is |ocated

within sight of the unit it controls. X

[e. Power available to electric heating coil. X ]
Coils

[a. Chilled water piping properly connected. X X X 1]
[a. Refrigerant piping properly connected. ~ X X X 1]
[b. Chilled water piping pressure tested. XX ooox
[b. Refrigerant piping pressure tested. XX ooox
[c. Hot water piping properly connected. XX ooox
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Pre- comm ssi oni ng Checklist - Miltizone Air Handling Unit

For Air Handling Unit: | ]
Checklist Item Q M E T
[c. Steam and condensate piping properly

connect ed. X X
[d. Hot water piping pressure tested. X X
[d. Steam and condensate piping pressure

t est ed. X X
e. Air vents installed on water coils [with

shut of f val ves] as specified. X X
f. Any danage to coil fins has been repaired X
Control s

a. Control valves/actuators properly

AO3R0005

i nstall ed. X
b. Control val ves/actuators operable. X
c. O A danpers/actuators properly installed. X
d. O A danpers/actuators operable. X
e. Zone danpers/actuators properly installed. X
f. Zone danpers/actuators operable. X

Testing, Adjusting, and Bal anci ng ( TAB)
a. Construction filters renoved and repl aced. X
b. TAB report submtted. X

c. TAB results within +10% - 0% of
cf m shown on draw ngs

d. TAB results for outside air intake within

+10% - 0% of CFM
shown on dr awi ngs. X
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Pre- comm ssi oni ng Checklist - Variable Volune Air Handling Unit

For Air Handling Unit: | ]

Checklist Item Q M E T € D O U

Install ation

a. Vibration isolation devices installed. X X x
b. Inspection and access doors are operable

and seal ed. - X __ X ___ __ ___
c. Casing undamaged. X X X
d. Insulation undamaged. X X X

e. Condensate drai nage i s unobstructed.
(Visually verify drai nage by pouring a

cup of water into drain pan.) X X x
f. Fan belt adjusted. S G G
g. Manufacturer's required nai ntenance

cl earance provi ded. X X X
El ectri cal
a. Power available to unit disconnect. . Xx
b. Power available to unit control panel. X
c. Proper notor rotation verified. X ___

d. Verify that power disconnect is |ocated

within sight of the unit it controls. X

[e. Power available to electric heating coil._ X Xx 1]
Coils

[a. Chilled water piping properly connected. X X X 1]
[a. Refrigerant piping properly connected. ~ X X X 1]
[b. Chilled water piping pressure tested. XX ooox
[b. Refrigerant piping pressure tested. XX ooox
[c. Hot water piping properly connected. XX ooox

[c. Steam and condensate piping properly
connect ed. X X X ]
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Pre- comm ssi oni ng Checklist - Variable Volune Air Handling Unit

For Air Handling Unit: [__ ]
Checklist Item Q M E T € D O U
[d. Hot water piping pressure tested. XX ooox
[d. Steam and condensate piping pressure

t est ed. XXX
[e. Air vents installed on water coils [with

shut of f val ves] as specified. XX ooox
f. Any damage to coil fins has been repaired. . X X
Control s

a. Control valves/actuators properly

i nstall ed. X
b. Control val ves/actuators operable. X
c. Danpers/actuators properly installed. X
d. Danpers/actuators operable. X

e. Verify proper location, installation and
calibration of duct static pressure

sensor. X
f. Fan air volune controller operable. X
g. Air handler controls system operational. X

Testing, Adjusting, and Bal anci ng ( TAB)

a. Construction filters renoved and repl aced. X

b. TAB report submtted. X X

c. TAB results within +10% - 0% of
cf m shown on draw ngs

d. TAB results for outside air intake within
+10% - 0% of both the m ni nrum and maxi mum
cf s
shown on dr awi ngs. X X
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Pr e- commi ssi oni ng Checklist - VAV Term nal

For VAV Terminal: | ]

Checklist Item Q M E T € D O U

Install ation

a. VAV terminal in place. X X x
b. VAV term nal ducted. X X x
c. VAV termnal connected to controls. X X

[d. Reheat coil connected to hot water pipe. X X 1]

[e. Electric reheat coil connected to | oca
di sconnect. X ]

f. Manufacturer's required nmintenance

cl earance provi ded. X X x
Control s
a. Cooling only VAV termnal controls set. X X
b. Cooling only VAV controls verified. X X
c. Reheat VAV termnal controls set. X X
d. Reheat ternminal/coil controls verified. X X

Testing, Adjusting, and Bal anci ng ( TAB)

a. Verify terminal maximumair flow set. X
b. Verify terminal mnimumair flow set. X
c. TAB operation conplete. X X
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Pr e- comm ssi oni ng Checklist - DX Air Cool ed Condensi ng Unit

For Condensing Unit: [__ ]

Checklist Item Q M E T € D O U
Installation X X X
b. Refrigerant pipe |eak tested. X X x
c. Refrigerant pipe evacuated and charged =~ X X Xx

in accordance w th manufacturer's
i nstructions.

d. Check condenser fans for proper rotation. X X
e. Any damage to coil fins has been repaired. X X
f. Manufacturer's required nai ntenance/ X X X

operational clearance provided.

El ectri cal
a. Power available to unit disconnect. X X
b. Power available to unit control panel. X

c. Verify that power disconnect is |ocated

within sight of the unit it controls X
Control s
a. Unit safety/protection devices tested. X X
b. Control systemand interlocks installed. X X
c. Control systemand interlocks operational. X X
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Pr e- conmi ssi oni ng Checklist - Punps

For

Punp: [ ]

Checklist Item

Install ation

a. Punps grouted in place.

b. Punp vibration isolation devices
functi onal

c. Punp/notor coupling alignnment verified.

d. Piping systeminstalled.

e. Piping system pressure tested.

f. Punp not |eaking.

g. Field assenbled couplings aligned to
nmeet nanufacturer's prescribed tol erances.

El ectri cal

a. Power available to punp disconnect.

b. Punp rotation verified.

c. Control systeminterlocks functional

d. Verify that power disconnect is |ocated

within sight of the unit it controls.

Testing, Adjusting, and Bal anci ng ( TAB)

Pressure/tenperature gauges installed.
Pi pi ng system cl eaned.

Chemical water treatnent conplete

Wat er bal ance conpl et e.

Wat er bal ance with design naxi mum fl ow.

TAB Report submitted.
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Pre- commi ssi oni ng Checklist - Packaged Air Cool ed Chiller

For Chiller: | ]

Checklist Item Q M E T € D O U

Install ation

a. Chiller properly piped. X
b. Chilled water pipe |eak tested. X X x
c. Verify that refrigerant used conplies

wi th specified requirenents. X X x
d. Any damage to coil fins has been repaired. X X

e. Manufacturer's required nai ntenance

cl earance provi ded. X X x
El ectri cal
a. Power available to unit disconnect. X
b. Power available to unit control panel. X

c. Separate power is supplied to electric

heat i ng tape. - __ X
d. Verify that power disconnect is |ocated
within sight of the unit it controls. X
Control s
a. Factory startup and checkout conplete. X X
b. Chiller safety/protection devices tested. X X
c. Chilled water flow switch install ed. X X
d. Chilled water flow switch tested. X X
e. Chilled water punp interlock installed. _ X X X