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COW SSI ONI NG OF HVAC SYSTEMS
01/ 08
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NOTE: This gui de specification covers the
requi renents for comm ssioning of HVAC systens.

Edit this guide specification for project specific
requi renents by addi ng, deleting, or revising text.
For bracketed itenms, choose applicable itens(s) or
insert appropriate information

Renmove information and requirenents not required in
respective project, whether or not brackets are
present.

Commrent s and suggestions on this guide specification
are wel cone and should be directed to the technica
proponent of the specification. A listing of

techni cal proponents, including their organization
desi gnation and tel ephone nunber, is on the Internet.

Recommended changes to a UFGS shoul d be subnmitted as
a Citeria Change Request (CCR)
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PART 1 GENERAL
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NOTE: Use of this specification is mandatory for

all projects. A properly functioning HVAC system
assures a confortable, healthy and productive
environnent for the user. The "Design Agent's
Representative" will be a menber of the HVAC design
team i.e. fromthe AE or Engineering D vision. The
"Design Agent's Representative" will actively
participate in the process, including review of al
subnittal s contained herein.
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1.1 REFERENCES
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NOTE: This paragraph is used to list the
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publications cited in the text of the guide
specification. The publications are referred to in
the text by basic designation only and listed in
this paragraph by organi zation, designation, date,
and title.

Use the Reference Wzard's Check Reference feature
when you add a RI D outside of the Section's
Reference Article to automatically place the
reference in the Reference Article. Also use the
Ref erence Wzard's Check Reference feature to update
the issue dates.

Ref erences not used in the text will automatically
be deleted fromthis section of the project

speci ficati on when you choose to reconcile
references in the publish print process.

EE R R R S R I R R I R S R R R R R S R I R I R R R S R R S R R O

The publications listed below forma part of this specification to the
extent referenced. The publications are referred to within the text by the
basi ¢ designation only.

ASSCOCI ATED Al R BALANCE COUNCI L ( AABC)
ACG Conmi ssi oni ng Cui del i ne (2005) Commi ssi oni ng Gui del i ne
NATI ONAL ENVI RONMENTAL BALANCI NG BUREAU ( NEBB)

NEBB Commi ssi oni ng St andard (1999) Procedural Standards for Buil ding
Systens Conmi ssi oni ng

SHEET METAL AND Al R CONDI TI ONI NG CONTRACTORS' NATI ONAL ASSOCI ATI ON
( SMACNA)

SVACNA 1429 (1994, 1st Ed) HVAC Systens Comi ssioni ng
Manual

U.S. GREEN BU LDI NG COUNCI L (USGBC)

LEED (2002; R 2005) Leadership in Energy and
Envi ronmental Design(tm G een Building
Rati ng System for New Construction
(LEED- NO)

.2 DEFI NI TI ONS

In sone instances, term nology differs between the Contract and the

Comm ssioning Standard primarily because the intent of this Section is to
use the industry standards specified, along with additional requirenents
listed herein to produce optimal results. The following table of simlar
terns is provided for clarification only. Contract requirenents take
precedent over the corresponding ACG NEBB, or TABB requirenents where

di fferences exist.

SIM LAR TERVS

Contract Ternm ACC NEBB TABB

SECTION 23 08 00.00 10 Page 3



SIM LAR TERMS

Conmi ssi oni ng ACG Pr ocedur al SMACNA HVAC
St andard Conmi ssi oni ng St andards for Conmi ssi oni ng
Gui del i ne Bui | di ng Systens Guideline
Conmi ssi oni ng
Conmi ssi oni ng ACG Certified NEBB Qualified TABB Certified
Speci al i st Conmi ssi oni ng Conmi ssi oni ng Conmi ssi oni ng
Agent Admi ni strat or Super vi sor

1.3 SYSTEM DESCRI PTI ON
1.3.1 Cener al

Per f or m Conmi ssi oning in accordance with the requirenents of the standard
under which the Comm ssioning Firmis qualifications are approved, i.e.,

ACG Conmi ssi oni ng CGui del i ne, NEBB Conmi ssioning Standard, or SMACNA 1429
unl ess otherw se stated herein. Consider nmandatory all recommendati ons and
suggested practices contained in the Comm ssioning Standard. Use the
Conmi ssi oni ng Standard for all aspects of Comm ssioning, including
qualifications for the Comm ssioning Firmand Specialist and calibration of
Conmi ssioning instrunents. Were the instrunment manufacturer calibration
recomendati ons are nore stringent than those listed in the Conm ssioning
St andard, the manufacturer's recommendati ons shall be adhered to. Al

qual ity assurance provisions of the Comm ssioning Standard such as
performance guarantees shall be part of this contract. For systemnms or
system conponents not covered in the Comm ssioning Standard, Conm ssioning
procedures shall be devel oped by the Comm ssioning Specialist. Were new
procedures, requirenments, etc., applicable to the Contract requirenents
have been published or adopted by the body responsible for the
Comm ssi oni ng Standard used (ACG NEBB, or TABB), the requirenments and
reconmmendat i ons contai ned in these procedures and requirenents shall be
consi dered mandat ory.

1.3.2 Ener gy

Formal LEED certification is not required; however, the Contractor is
required to provide docunentation that nmeets the LEED Energy & At nosphere
(EA) Prerequisite 1, Fundamental Conmmi ssioning. For New Construction and
Maj or Revi sions provide, also, docunentation that nmeets EA Credit 3;
Enhanced Commi ssioning. Provide docunentation for as many LEED credits as
possi ble to support LEED Silver certification of the project.

1.4 SUBM TTALS
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NOTE: Review subnmittal description (SD) definitions
in Section 01 33 00 SUBM TTAL PROCEDURES and edit
the following list to reflect only the subnittals
required for the project. Submittals should be kept
to the mninumrequired for adequate quality control

A“G following a subnmittal itemindicates that the
submittal requires Governnent approval. Sone
subnittals are already marked with a “G'. Only
delete an existing “G if the subnmittal itemis not
conpl ex and can be reviewed through the Contractor’s
Quality Control system Only add a “G if the
submittal is sufficiently inportant or conplex in
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context of the project.

For submittals requiring Governnent approval on Arny
projects, a code of up to three characters within
the subnmittal tags nay be used following the "G'
designation to indicate the approving authority.
Codes for Arny projects using the Resident
Managenment System (RMB) are: "AE" for
Architect-Engineer; "DO for District Ofice

(Engi neering Division or other organization in the
District OOfice); "AO" for Area Ofice; "RO' for
Resident O fice; and "PO' for Project Ofice. Codes
following the "G' typically are not used for Navy,
Air Force, and NASA projects.

Choose the first bracketed itemfor Navy, Air Force
and NASA projects, or choose the second bracketed
itemfor Arny projects.

EE IR R R I R R I I R R R I I O R R R R Ok S R R R R R I R I I O R O

Covernment approval is required for submittals with a "G designation;
submittals not having a "G' designation are for [Contractor Quality Control
approval . ][information only. Wen used, a designation following the "G
designation identifies the office that will review the submttal for the
Government.] Subnit the followi ng in accordance with Section 01 33 00
SUBM TTAL PROCEDURES:

SD- 02 Shop Draw ngs
Commissioning Plan[; G]1[;G |
Conmmi ssi oning Plan prepared in accordance w th Conmi ssioning
Standard, no later than 28 days after the approval of the
Conmi ssi oni ng Speci al i st.
SD- 03 Product Data
Pre-Functional Perfornmance Test Checklists[; G]1[;G [___ 11
At | east 28 days prior to the start of Pre-Functional
Performance Test Checks. Subnit the schedule for the test checks
at least 14 days prior to the start of Pre-Functional Perfornmance
Test Checks.
Functi onal Performance Tests[; G][;G |
Test procedures at |east 28 days prior to the start of
Functional Performance Tests. The schedule for the tests at |east
14 days prior to the start of Functional Performance Tests.
SD-06 Test Reports
Conmi ssioning Report[; CI[; G [___ 11

No later than 14 days after conpletion of Functional Performance
Tests.

SD-07 Certificates
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1

1

Commissioning Firn[; GI[; G [___ 11

Certification of the proposed Comissioning Firms
qualifications by one of the following ACG NEBB, or TABB to
performthe duties specified herein and in other related Sections,
no later than 21 days after the Notice to Proceed. Include in the
docunmentation the date that the Certification was initially
granted and the date when the current Certification expires. Any
| apses in Certification of the proposed Comm ssioning Firm or
di sciplinary action taken by ACG NEBB, or TABB agai nst the
proposed Conmi ssioning Firmshall be described in detail.

Conmmi ssioning Specialist[; C[; G |

Certification of the proposed Comi ssioning Specialist's
qualifications by one of the following ACG NEBB, or TABB to
performthe duties specified herein and in other related Sections,
no later than 21 days after the Notice to Proceed. The
docunent ati on shall include the date that the Certification was
initially granted and the date when the current Certification
expires. Any lapses in Certification of the proposed
Conmi ssi oni ng Specialist or disciplinary action taken by ACG
NEBB, or TABB agai nst the proposed Conmi ssioning Specialist shal
be described in detail

5 QUALI TY ASSURANCE

5.1 Commi ssioning Firm

Provide a Comnissioning Firmthat is either a nmenber of ACG or certified by
the NEBB or the TABB and certified in all categories and functions where

nmeasurenents or performance are specified on the plans and specifications.
The certification shall be nmaintained for the entire duration of duties

specified herein. |If, for any reason, the firm/loses subject certification
during this period, imediately notify the Contracting O ficer and submt
anot her Conmi ssioning Firmfor approval. Any firmthat has been the

subj ect of disciplinary action by the ACG the NEBB, or the TABB within the
five years preceding Contract Award is not eligible to performany duties
related to the HVAC systens, including Conmissioning. Al work specified
inthis Section and in other related Sections to be perfornmed by the

Conmi ssioning Firmshall be considered invalid if the Comissioning Firm

| oses its certification prior to Contract conpletion and nust be perforned
by an approved successor. These Commi ssioning services are to assist the
prime Contractor in performng the quality oversight for which it is
responsi ble. The Conmi ssioning Firmshall be a subcontractor of the prine
Contractor and shall be financially and corporately independent of al

ot her subContractors. The Commissioning Firmshall report to and be paid
by the prinme Contractor.

.5.2 Conmi ssi oni ng Speci al i st

.5.2.1 Cener al

The Conmi ssioning Specialist shall be an ACG Certified Comm ssioni ng Agent,
a NEBB Qualified Conm ssioning Administrator, or a TABB Certified
Conmi ssi oni ng Supervi sor and shall be an enpl oyee of the approved

Conmi ssioning Firm The certification shall be maintained for the entire
duration of duties specified herein. 1f, for any reason, the Conm ssioning
Speci al i st |1 oses subject certification during this period, inmrediately
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notify the Contracting O ficer and subnit another Conmi ssioning Speciali st
for approval. Any individual that has been the subject of disciplinary
action by the ACG the NEBB, or the TABB within the five years precedi ng
Contract Award is not eligible to performany duties related to the HVAC
systens, including Commssioning. Al work specified in this Section and
in other related Sections performed by the Comm ssioning Specialist shal
be considered invalid if the Conmi ssioning Specialist |oses his
certification prior to Contract conpletion and nmust be perforned by the
approved successor.

1.5.2.2 Responsi bilities

Performall Conmm ssioning work specified herein and in related sections
under the direct guidance of the Commi ssioning Specialist. The
Conmi ssi oni ng Speci alist shall prepare the Comm ssioning Plan, which wll
be a conprehensive schedule and will include all submttal requirenents for
procedures, notifications, reports and the Comm ssioning Report. After
approval of the Conmm ssioning Plan, revise the Contract NAS schedule to
reflect the schedule requirenents in the Comm ssioning Plan.

1.6 SEQUENCI NG AND SCHEDULI NG

Begin the work described in this Section only after all work required in
rel ated Sections has been successfully conpleted, and all test and

i nspection reports and operation and nai ntenance nmanuals required in these
Sections have been submitted and approved. Pre-Functional Performance Test
Checklists shall be performed at appropriate times during the construction
phase of the Contract.

PART 2 PRODUCTS  (Not Applicabl e)
PART 3 EXECUTI ON

3.1 COW SSI ONI NG TEAM AND TEST FORMS AND CHECKLI STS

EE R R R S I R R R I R I O R R R S R I R S R R I R R R R R R R O

NOTE: The "Design Agent's Representative" wll be
i ncluded as a nmenber of the comi ssioning team for
t he pre-commi ssioning checklists and will
participate in the functional perfornance tests.

The checklists provided are to be used as guides for
the preparation of project checklists. The
appropriate checklist should be included in the

proj ect specification for each HVAC equi pnent
conponent. The designer will add additiona
checklists for equi pnent or systens not included in
this guide specification or nodify the checklists
where necessary for specific project requirenents.
If, for exanple, a systemneeds to be tested with
certain internal |oad, each appropriate checkli st
shoul d be nodified to include this requirenent along
wi th specifics on how | oad shoul d be generat ed.

EE R R R S I R I R I R I R S R R R R O S R R I R R R R R S R R R O

Desi gnate Contractor team nenbers to participate in the Pre- Functiona
Perf ormance Test Checklists and the Functional Performance Tests specified
herein. In addition, the Governnent team nenbers will include a
representative of the Contracting O ficer, the Design Agent's
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Representative, and the Using Agency's Representative. The team nenbers
shall be as foll ows:

Desi gnati on Functi on
A Contractor's Conmi ssioning Specialist
M Contractor's Mechani cal Representative
E Contractor's Electrical Representative
T Contractor's Testing, Adjusting, and Bal anci ng
(TAB) Speci al i st
C Contractor's Controls Representative
D Desi gn Agency Representative
0 Contracting Oficer's Representative
U Usi ng Agency's Representative

Appendi ces A and B shall be conpleted by the comm ssioning team

Accept ance by each conmi ssioning team nenber of each Pre- Functiona
Performance Test Checklist itemshall be indicated by initials and date
unl ess an "X" is shown indicating that participation by that individual is
not required. Acceptance by each conm ssioning team menber of each
functional performance test itemshall be indicated by signature and date.

.2 TESTS

Performthe pre-functional performance test checklists and functiona
performance tests in a manner that essentially duplicates the checking,
testing, and inspection nethods established in the related Sections. Were
checking, testing, and inspection nmethods are not specified in other
Sections, establish nethods which will provide the information required.
Testing and verification required by this section shall be performed during
t he Commi ssioni ng phase. Requirenents in related Sections are independent
fromthe requirenents of this Section and shall not be used to satisfy any
of the requirenents specified in this Section. Provide all materials,
services, and | abor required to performthe pre- functional performance
tests checks and functional performance tests. A functional performance
test shall be aborted if any system deficiency prevents the successfu
conmpletion of the test or if any participating non-Governnment comr ssioning
team menber of which participation is specified is not present for the test.

2.1 Pre- Functional Performance Test Checklists

Perform Pre-Functional Performance Test Checklists for the itens indicated
in Appendix A Correct and re-inspect deficiencies discovered during these
checks in accordance with the applicable contract requirenents.

. 2.2 Functi onal Performance Tests

Per f orm Functi onal Performance Tests for the itens indicated in Appendi x

B. Begin Functional Performance Tests only after all Pre-Functiona

Per f ormance Test Checklists have been successfully completed. Tests shal
prove all nodes of the sequences of operation, and shall verify all other
rel evant contract requirenments. Begin Tests with equi pnent or conponents
and progress through subsystens to conplete systens. Upon failure of any
Functional Performance Test item correct all deficiencies in accordance
with the applicable contract requirenents. The itemshall then be retested
until it has been conpleted with no errors.
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3.

3 COW SSI ONI NG REPORT

The Conmi ssi oning Report shall consist of conpleted Pre- Functiona

Per f ormance Test Checklists and conpl eted Functional Performance Tests
organi zed by system and by subsystem and subnitted as one package. The
Conmi ssi oni ng Report shall also include all HVAC systens test reports,

i nspection reports (Preparatory, Initial and Follow up inspections),
start-up reports, TAB report, TAB verification report, Controls start-up
test reports and Controls Performance Verification Test (PVT) report. The
results of failed tests shall be included along with a description of the
corrective action taken.
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APPENDI X A

PRE- FUNCTI ONAL PERFORMANCE TEST CHECKLI STS
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Pre- Functi onal Performance Test Checklist -

For Air Handling Unit: [__ ]

Checklist Item

Instal |l ati on

a. lnspection and access doors are operable
and seal ed.

b. Condensate drai nage i s unobstructed.
(Visually verify pan drains conpletely by
pouring a cup of water into drain pan.)

c. Fan belt adjusted.

El ectrica

a. Power available to unit disconnect.

b. Power available to unit control panel.

c. Proper notor rotation verified.

d. Verify that power disconnect is |ocated
within sight of the unit it controls.

[e. Power available to electric heating coil

Coi l s

[a. Chilled water piping properly connected.

[a. Refrigerant piping properly connected.

[b. Hot water piping properly connected.

[b. Steam and condensate piping properly

connect ed.

Control s

a. Control valves/actuators properly
i nstall ed.

b. Control val ves/actuators operable.

c. O A danpers/actuators properly install ed.

d. O A danpers/actuators operable.

Pre- Functi onal Performance Test Checklist -
(cont)
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e. Zone danpers/actuators properly

install ed & danpers | eak checked. X X X _
f. Zone danpers/actuators operable. X X x
Testing, Adjusting, and Bal anci ng ( TAB) A M E T C O
a. Construction filters renoved and

replaced. X __ X ___
b. TAB report approved. __ X X ___ X
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Pre- Functional Performance Test Checklist - Variable Volune Air Handling
Uni t

For Air Handling Unit: [
Checklist Item A M E T C O
Install ation

a. Inspection and access doors are operable
and seal ed. X X

b. Condensate drainage is unobstructed.
(Visually verify drainage by pouring a

cup of water into drain pan.) X X X
c. Fan belt adjusted. X ___ -
El ectri cal A M E T C O
a. Power available to unit disconnect. X X X
b. Power available to unit control panel. X __ X X _
c. Proper notor rotation verified. - x X
d. Verify that power disconnect is |ocated

within sight of the unit it controls. X X .
[e. Power available to electric heating coil. _ . ]
Coils A M E T cC O
[a. Chilled water piping properly connected. X X X _ 1]
[a. Refrigerant piping properly connected. X X X _ ]
[b. Hot water piping properly connected. X X X ]
[b. Steam and condensate piping properly

connected. X X X _ ]
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Pre- Functional Performance Test Checklist - Variable Volune Air Handling
Uni t

Control s A M E T C O
a. Control valves/actuators properly

i nstall ed. X X X __ _
b. Control val ves/actuators operable. X X x
c. Danpers/actuators properly installed. X X x
d. Danpers/actuators operable. X o x o ox
e. Verify proper location, installation and

calibration of duct static pressure

sensor. X X X _
f. Fan air volune controller operable. X o ox o ox
g. Air handler controls system operational. X X x
Testing, Adjusting, and Bal anci ng (TAB) A M E T C O
a. Construction filters renoved and

replaced. x
b. TAB report approved. X X X
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Pre- Functi onal Performance Test Checklist - VAV Term na

For VAV Terminal: [__ ]
Checklist Item
Install ation

[a. Reheat coil connected to hot water

pi pe.

[b. Electric reheat coil connected to |oca

di sconnect.

Control s

a. Cooling only VAV term nal controls set.

b. Cooling only VAV controls verified.

c. Reheat VAV term nal controls set.

d. Reheat termnal/coil controls verified.

Testing, Adjusting, and Bal anci ng ( TAB)

a. TAB report approved.
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Pre- Functi onal Performance Test Checklist - DX Air Cool ed Condensing Unit
For Condensing Unit: [_ ]
Checklist Item A M E T C O

Install ation

a. Check condenser fans for proper rotation. X X
El ectri cal A M E T cC O
a. Power available to unit disconnect. X XX
b. Power available to unit control panel. X X

c. Verify that power disconnect is |ocated

within sight of the unit it controls X ox
Controls A M E T C O
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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Pre-Functional Performance Test Checklist - Punps
For Pump: [__ ]
Checklist Item A M E T C O

Install ation

a. Piping systeminstalled. X X X
El ectri cal A M E T cC O
a. Power available to punp di sconnect. X X X
b. Punmp rotation verified. X X X
c. Control systeminterlocks functional. D G G
Testing, Adjusting, and Bal ancing ( TAB) A M E T C O

a. Pressure/tenperature gauges installed. X X
b. TAB Report approved. x X
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Pre- Functional Performance Test Checklist - Packaged Air Cooled Chiller

For Chiller: [
Checklist Item A M E

Install ation

a. Chiller properly piped. X
El ectri cal A M E
a. Power available to unit disconnect. X
b. Power available to unit control panel. X

c. Separate power is supplied to electric

heati ng tape. X
d. Verify that power disconnect is |ocated

within sight of the unit it controls. X
Control s A M E
a. Factory startup and checkout conplete. X
b. Chiller safety/protection devices tested. X
c. Chilled water flow switch installed. X
d. Chilled water flow switch tested. X
e. Chilled water punp interlock installed. X

f. Chilled water punp interlock tested.
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Pre- Functi onal Performance Test Checklist -

For Chiller: [

Checklist Item

Install ation

a. Chilled water connections properly piped.

b. Condenser water connections properly
pi ped

c. Refrigerant |eak detector install ed.

[d. Oxygen sensor installed and tested.

e. Mechanical roomventilation installed as
speci fi ed.

El ectrica

a. Power available to unit starter.

b. Power available to unit control panel.

c. Verify that power disconnect is |ocated
within sight of the unit it controls.

Control s

a. Factory startup and checkout conpl ete.

b. Chiller safety/protection devices tested.

c. Chilled water flow switch installed and
t est ed.

e. Chilled water punp interlock installed
and tested.

g. Condenser water flow switch installed

and tested.

Condenser water punp interlock installed
and tested.

SECTI ON 23 08 00.00 10
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Centrifugal Chiller
A M E
- X ___
- X ___
A M E
- X ___
- X ___
- X ___
A M E
______ X
X

Page 19

c O
cC O
c O



Pre- Functional Performance Test Checklist -
For Cooling Tower: |
Checklist Item
Instal |l ation

a. Cooling tower properly piped.

b. Cooling tower fan drive adjusted.

c. Cooling tower makeup water supply piped.

d. Verify makeup control valve shutoff.

e. Fan lubricated and bl ade pitch adjusted.

El ectrica

a. Power available to tower disconnect.

b. Power available to electric sunp heater.

c. Control systeminterlocks functional.

d. Mdtor and fan rotati on checked.

e. Verify that power disconnect is |ocated
within sight of the unit is controls.

Pi pi ng

a. Condenser water treatment functional.

b. Al required tenperature sensing wells,
pressure ports and fl ow sensors have
been installed for perfornmance tests.

Testing, Adjusting, and Bal ancing ( TAB)

a. TAB report approved.
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Pre- Functi onal Performance Test Checklist - Hot Water Boil er
For Boiler: [

Checklist Item

Installation A M E T cC O
a. Boiler hot water piping installed. x
b. Boiler makeup water piping installed. x
c. Boiler fuel oil piping installed. X X X
d. Boiler gas piping installed. X X X
Startup A M E T cC O
a. Boiler safety/protection devices,

i ncludi ng high tenperature burner shut-off,

| ow water cutoff, flane failure, pre- and

post - purge, have been tested. X
b. Verify that PRV rating conforns to boiler

rating. X
c. Boiler water treatnent systemfunctional. X x
d. Boiler startup and checkout conplete. X X
e. Conbustion efficiency denmonstrated. x X
El ectri cal A M E T C O
a. Verify that power disconnect is |ocated

within sight of the unit served. X ox
Control s A M E T C O
a. Hot water pump interlock installed

and tested. X
b. Hot water proof-of-flow swtch

installed and tested X x
c. Hot water heating controls operational. x x
Testing, Adjusting, and Bal ancing ( TAB) A M E T C O
a. TAB report approved. X X
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Pr e- Functi ona
For

Checkl i st

Per f or mance Test Checkli st -
Boiler: [__ ]

ltem

Install ation

a. Boiler steam piping installed.

b. Boiler makeup water piping installed.

c. Boiler fuel oil piping install ed.

d. Boiler gas piping install ed.

Startup

a. Boiler safety/protection devices,
i ncludi ng high tenperature burner shut-
off, low water cutoff, flame failure,
pre and post purge, have been tested.

b. Vér!fy that PRV rating conforms to boiler
rating.

c. Boiler feed water system operational.

d. Boiler water treatnent systemfunctional.

e. Boiler startup and checkout conpl ete.

f. Al steamtraps operational.

g. Al condensate return punps operational.

h. Combustion efficiency denonstrated.

El ectrica

a. Verify that power disconnect is |ocated
within sight of the unit served.

Testing, Adjusting, and Bal ancing ( TAB)

a. TAB report approved.

SECTI ON 23 08 00.00 10
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_________ X

_________ X

_________ X

______ X X

_________ X

______ X X
X
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Pre- Functional Performance Test Checklist - Steam Hot Water

For Converter: [__ ]

Checklist Item

Installation A M E
a. Converter steampiping installed. X
b. Hot water piping installed. X
c. Makeup water piping installed. X
d. Vacuum breaker installed on shell of

shell and tube vpit. .~~~ X
Startup A M E
a. Al steamtraps operational. X
b. Al condensate return punps operational.
c. Converter safety/protection devices

tested. X
d. Converter startup and checkout conplete. X
Control s A M E
a. Control valves/actuators properly

installed. X
b. Control valves/actuators operable. X
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Pre- Functi onal Performance Test Checklist - Fan Coil Unit
For Fan Coil Unit: |

Checklist Item

Installation A M E T cC O
a. Access doors/renovabl e panels are operable

and sealed. X ___ X ___
b. Condensate drainage is unobstructed. X X X _
c. Fan belt adjusted. X ___ X ___
El ectri cal A M E T C O
a. Power available to unit disconnect. x
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 X __]
Coi l s A M E T cC O
[a. Dual tenperature piping properly

connected. X ]
[b. Chilled water piping properly connected. X X X _ ]
[c. Hot water piping properly connected. x ]
Control s A M E T C O
a. Control valves/actuators properly

installed. X
b. Control val ves/actuators operable. X X __

c. Verify proper location and installation

of thernmstat. X __
Testing, Adjusting, and Bal ancing ( TAB) A M E T C O
a. TAB Report approved. X ___ X ___
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Pre- Functi onal Performance Test Checkli st

For Unit Heater: [__

Checklist Item

Install ation

[a. Hot water piping properly connected.

[a. Steam and condensate piping properly

connect ed.

El ectrica

a. Power available to unit disconnect.
b. Proper notor rotation verified.

c. Verify that power disconnect
within sight of the unit

d. Power available to electric heating coil

Control s

a. Control valves properly installed.

b. Control val ves operable.

is |located
it controls.

c. Verify proper location and installation of

t her nost at .

Testing, Adjusting, and Bal anci ng ( TAB)

a. TAB Report approved.

Unit Heater

A M E
______ X

______ X

A M E
A M E
______ X
______ X
______ X
A M E
X
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Pre- Functi onal Performance Test Checklist - Exhaust Fan

For

Exhaust Fan: [__ ]

Checklist Item

Install ation

a. Fan belt adjusted.

El ectrica

a. Power available to fan disconnect.

b. Proper notor rotation verified.

c. Verify that power disconnect is |ocated
within sight of the unit it controls.

Control s

a. Control interlocks properly installed.

b. Control interlocks operable.

c. Danpers/actuators properly installed.

d. Danpers/actuators operable.

e. Verify proper location and installation of

t her nost at .

Testing, Adjusting, and Bal ancing (TAB)

a.

TAB Report approved.

A M E
______ X
A M E
A M E
______ X
______ X
______ X
A M E
X
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Pre- Functional Performance Test Checklist - Conmputer Room Unit

For Conputer RoomUnit: [__ ]

Checklist Item

Installation A M E
a. Access doors are operable and seal ed. X

b. Condensate drainage is unobstructed and

routed to floor drain. X
c. Fan belt adjusted. X
El ectri cal A M E
a. Power available to unit disconnect. X
b. Proper notor rotation verified. X
c. Proper notor rotation verified. X

d. Verify that power disconnect is |ocated
within sight of the unit it controls.

[e. Power available to reheat coils.

Coi | s/ Hum di fi er A M E
[a. Chilled water piping properly connected. X
[a. Refrigerant piping properly connected. X
[b. Hot water piping properly connected. X
[b. Steam piping properly connected. X
[c. Humidifier nmakeup water connected. X
Control s A M
a. Control valves operable.
b. Unit control system operable and

verified.
c. Verify proper location and installation of

t her ppstat. X
Testing, Adjusting, and Bal anci ng ( TAB) A M E
a. TAB Report submtted. X

SECTION 23 08 00.00 10 Page 27

T C O
X __
X X ___
T C O
X X ___
X __
- X ___
X __
X __]
T C O
_________ ]
X X __]
_________ ]
X X __]
X X __]
T C O
X __
X __
T C O
X



SECTION 23 08 00.00 10 Page 28



Pre- Functional Performance Test Checklist - HVAC System Control s

For

HVAC System [ ]

Checklist Item

Install ation

a.

b.

Layout of control panel matches draw ngs.

Franmed i nstructions nmounted in or near
control panel.

Conponents properly | abeled (on inside and
out si de of panel).

Control conponents piped and/or wired to
each | abel ed terminal strip.

EMCS connecti on nmade to each | abel ed
termnal strip as shown.

Control wiring and tubing | abeled at all
term nations, splices, and junctions.

Mai n Power and Control Air

a.

b.

120 volt AC power available to panel.

138 kPa gauge20 psig
compressed air avail able to panel.

Testing, Adjusting, and Bal ancing ( TAB)

a.

TAB Report submtted.
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Pre- Functi onal Performance Test Checklist -

For Air Handling Unit: [__ ]

Checklist Item

Install ation

a. Inspection and access doors are operable
and seal ed.

b. Condensate drai nage is unobstructed.

c. Fan belt adjusted.

El ectrica

a. Power available to unit disconnect.

b. Power available to unit control panel.

c. Proper notor rotation verified.

d. Verify that power disconnect is |ocated
within sight of the unit it controls.

e. Power available to electric heating coil

Coi l s

[a. Chilled water piping properly connected.

[a. Refrigerant piping properly connected.

[c. Hot water piping properly connected.

[c. Steam and condensate piping properly

connect ed.

Control s

a. Control valves/actuators properly
i nstall ed.

b. Control val ves/actuators operable.

c. Danpers/actuators properly installed.

d. Danpers/actuators operable.

e. Verify proper location and installation

of thernostat.

Testing, Adjusting, and Bal ancing ( TAB)

A M
A M
A M
A M
A M
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a.

TAB Report approved.
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Pre- Functional Performance Test Checklist - Energy Recovery System
For Energy Recovery System [__ ]

Checklist Item

Install ation A M E T cC O
a. Recovery systempiping installed. X X
Startup A M E T cC O
a. Startup and checkout complete. X X X
Control s A M E T C O
a. Control valves/actuators properly

installed. x
b. Control valves/actuators operable. x
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- End of Appendix A -
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APPENDI X B

FUNCTI ONAL PERFORVANCE TESTS CHECKLI STS
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Functi onal Performance Test - Punp [ ]

NOTE: Prior to performng this test, for closed | oop systens ensure that
the systemis pressurized and the nake-up water systemis operational, or
for open | oop systens ensure that the sunps are filled to the proper |evel.
1. Activate punp start using control system commands.

a. Verify correct operation in:

b. Verify pressure drop across strainer:

Strainer inlet pressure kPa gaugepsi g

Strainer outlet pressure kPa gaugepsi g

c. Verify punp inlet/outlet pressure reading, conpare to Testing,
Adj usting, and Bal ancing (TAB) Report and punp design conditions.

DESI GN TAB ACTUAL

Punp inlet pressure kPa gaugepsig

Punp outl et pressure kPa gaugepsig

d. Operate punp at shutoff and at 100 percent of designed fl ow when al
conponents are in full flow Plot test readings on punp curve and
conpare results against readings taken from fl ow nmeasuring devi ces.

SHUTCOFF 100 percent
Punp inlet pressure kPa gaugepsig
Punp outl et pressure kPa gaugepsig
Pump flow rate L/sgpn

SETPO NT

Differential Pressure Transnmitter
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Functi onal Performance Test (cont) - Punp | ]

e. For variable speed punps, operate punp at shutoff (shutoff to be done in
manual on var labl e speed drive at the minimnumrpmthat the systemis being
controlled at) and at m ninum fl ow or when all conponents are in full
by-pass. Plot test readings on punp curve and conpare results agai nst
readi ngs taken from fl ow neasuri ng devi ces.

SHUTOFF 100 percent
Punp inlet pressure kPa gaugepsig
Punp outl et pressure kPa gaugepsig
Punp flow rate L/sgpmr
SETPO NT
Differential Pressure Transmitter
2. Measure notor anperage each phase and vol tage phase to phase and phase

to ground for both the full flow and the mninumflow conditions. Conpare
anperage to nanepl ate FLA

a. Full flow

Nanmepl ate FLA

Amperage Phase 1 Phase 2. Phase 3.
Vol t age Phi1-Ph2 Ph1-Ph3_ Ph2-Ph3_
Vol t age Phl1-gnd Ph2-gnd_ Ph3-gnd_
b. M ni mum fl ow
Amperage Phase 1 Phase 2.~ Phase 3.
Vol t age Ph1-Ph2 Ph1-Ph3_ Ph2-Ph3_
Vol t age Phl-gnd Ph2-gnd_ Ph3-gnd_
3. Not e unusual vibration, noise, etc.
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Functi onal Performance Test (cont) - Punp [ ]

4, Certification: W the undersigned have w tnessed the above functional
performance tests and certify that the itemtested has net the perfornmance
requirements in this section of the specifications.

Signature and Date

Contractor's Conmi ssioning Speciali st

Contractor's Mechani cal Representative

Contractor's Electrical Representative

Contractor's TAB Representative

Contractor's Controls Representative

Contracting OFficer's Representative

Desi gn Agency Representative

Usi ng Agency's Representative
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Functional Performance Test - Centrifugal Chiller | ]

Note: If water-cooled chiller performin conjunction with Cooling Tower
test.

1. Denonstrate operation of chilled water systemin accordance with
specifications including the following: Start building air handler to
provide load for chiller. Activate controls systemchiller start sequence
as follows:

a. Tine of day startup programinitiates chiller start:
b. Start condenser water punp and establish condenser water flow.

Verify chiller condenser water proof-of-flow switch operation.
c. Start chilled water punp and establish chilled water flow.

Verify chiller chilled water proof-of-flow switch operation.

d. Verify control system energizes chiller start sequence.

e. Verify chiller senses chilled water tenperature above set point
and control system activates chiller start.

f. Verify functioning of "soft start" sequence.

g. Record data in 2, 3 and 4 below on fully load chiller.

h. Shut off air handling equi pnent to renove |oad on chilled water
system Verify chiller shutdown sequence is initiated and
acconpl i shed after load is renoved.

i Restart air-handling equi pnent one minute after chiller shut
down. Verify condenser water punp, cooling tower, and chiller restart
sequence.

2. Verify chiller inlet/outlet pressure and flow reading, conpare to
Testing, Adjusting, and Bal ancing (TAB) Report, chiller design conditions,
and chiller manufacturer's performance data.

DESI GN TAB REPORT  ACTUAL

Chiller inlet pressure kPa gaugepsig

Chiller outlet pressure kPa gaugepsig

Chiller flow L/ secGPNV

3. Measure chill er anperage each phase and vol tage phase to phase and
phase to ground for both the fully | oaded condition.

Motor F/ L AWPS
Amperage Phase 1 Phase 2 Phase 3

Vol tage Phl-Ph2 Ph1- Ph3 Ph2- Ph3

Vol tage Phl-gnd

SECTION 23 08 00.00 10 Page 38



SECTION 23 08 00.00 10 Page 39



Functi onal Performance Test (cont) - Centrifugal Chiller [ ]

4, a. Record the follow ng information: Desi gn
Anbi ent dry bulb tenmperature deg Ck
Entering chilled water tenperature deg Cr
Leaving chilled water tenmperature deg Cr

b. Calculate chiller |oad at anbient conditions and conpare to chiller

rated capacity from manufacturer's literature. Calculated KWsTon
Rated KWs Ton.

5. Unusual vi bration, noise, etc.

6. Certification: W the undersigned have w tnessed the above functiona

performance tests and certify that the itemtested has net the perfornmance
requirements in this section of the specifications.

Si gnature and Date

Contractor's Conmi ssioning Specialist

Contractor's Mechani cal Representative

Contractor's Electrical Representative

Contractor's TAB Representative

Contractor's Controls Representative

Contracting Oficer's Representative

Desi gn Agency Representative

Usi ng Agency's Representative
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Functi onal Performance Test - Cooling Tower [ ]

1. Denonstrate operation of the cooling tower in accordance with
specification and the foll ow ng:

a. Activate cooling tower fan start using control system conmrand.
This should first start condenser water punp, establish flow, delay fan
start, as specified, to equalize flow in distribution basin and sunp.
Verify fan start after tinmed del ay.

b. After chiller startup, control system should nodul ate bypass
val ve and two-speed fan notor to nmaintain condenser water set point.
Verify function of bypass val ve under varying | oads.

c. Verify cooling tower interlock with chiller.

d. Verify makeup water float valve is functioning.

e. Activate chemi cal treatnment feed valve, verify makeup of chem ca
treatnment system punp, and controls.

f. Record the follow ng:

Entering water tenperature
Leaving water tenperature: — __
Measured water flow L/ sgpm

Entering air wet bulb tenperature: deg CF
2. Conpare results with test results fromcooling tower specification
test.
3.

a. Stop all building cooling equi pnent so that cooling tower punps

stop. Observe tower for at |east 15 minutes and verify no overfl ow
occurs___ .

b. Start cooling tower punps in hand and observe punps for air
bi ndi ng/ cavitation , none allowed
4. Certification: W the undersigned have w tnessed the above functiona
performance tests and certify that the itemtested has net the perfornmance
requirenments in this section of the specifications.

Si gnature and Date

Contractor's Conmi ssioning Speciali st

Contractor's Mechani cal Representative

Contractor's Electrical Representative

Contractor's TAB Representative

Contractor's Controls Representative

Contracting Oficer's Representative

Desi gn Agency Representative

Usi ng Agency's Representative
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Functi onal Performance Test Checklist - VAV Term nal s

The Contracting officer will select VAV termnals to be spot-checked during
the functional performance test. The nunber of term nals sel ected shall
not exceed 10 percent.

1. Functional Performance Test: Contractor shall denonstrate operation
of sel ected VAV boxes in accordance with specifications including the
fol | owi ng:

a. Cooling only VAV boxes:

(1) Verify VAV box response to roomtenperature set point adjustnent.
Turn thernostat to 3 degrees C5 degrees F bel ow anbi ent and nmeasure maxi num
airflow Turn thernostat to 3 degrees C5 degrees F above anbi ent and
measure m ni mum ai rfl ow.
Setting Measur ed Desi gn
Maxi mum f | ow [ ] [ ] [ ] L/scfm
M ni mum f | ow [ ] [ ] [ ] L/scfm

b. Cooling with reheat VAV boxes:

(1) Verify VAV box response to roomtenperature set point adjustnent.
Turn thernostat to 3 degrees C5 degrees F above ambi ent and measure maxi num
airflow Turn thernostat to 3 degrees C5 degrees F bel ow anbi ent and
measure mini mum airfl ow.

Setting Measur ed Desi gn
Maxi mum f | ow [ ] [ ] [ ] L/scfm
M ni mum f | ow [ ] [ ] [ ] L/scfm

(2) Verify reheat coil operation range (full closed to full open) by
turning roomthernostat 3 degrees C5 degrees F above ambient = .

Wth heating water system and boiler in operation providing design
supply hot water tenperature record the foll ow ng:

Desi gn HW supply tenperature deg CF
Actual HWsupply tenperature deg CF
AHU supply air temperature deg CF
VAV supply air temperature deg CF

Cal cul ate coil capacity and conpare to design:
Desi gn WBTU hr Act ual WBTU hr
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Functi onal Performance Test Checklist (cont)- VAV Term nal s

c. Parallel Fan powered VAV boxes:

(1) Verify VAV box responses to call for heating via set point
adjustrrent. Change from cooling set point to heating set point. Verify
cool i ng damper cl oses to nini mum position, blower fan energizes according
to sequence of operation, and upon further drop in space temnperature,
heating coil activation.
Wth heating water systemin operation providing design supply hot water
temperature record the foll ow ng:

Desi gn HW supply temperature_ deg CF
Actual HWsupply tenperature deg CF
AHU supply air tenperature deg CF
VAV supply air tenmperature deg CF

Cal cul ate coil capacity and conpare to design:
Desi gn WBTU hr Act ual WBTU hr

(2) Check primary air danper maxi mum mni num flow settings and
conpare to actual neasured fl ows.

Setting Measur ed Desi gn
Maxi mum f | ow [ ] [ ] [ ] L/scfm
M ni mum f | ow [ ] [ ] [ ] L/scfm

(3) Check blower fan flow [__ ] L/scfm

(4) Verify free operation of fan backdraft danper (insure no
primary air is being discharged into plenum space).

d. Series Fan Powered VAV boxes
(1) Ensure VAV fan starts prior to AHU fan

(2) Verify VAV box response to sensor call for heating via set point

adj ustnent. Change fromcooling set point to heating set point. Verify
cool i ng danper closes to ninimum position and upon further drop in space
tenperature, heating coil activation. Wth heating water system and boil er
in operation providing design supply hot water tenperature record the

fol | owi ng:

Desi gn HW supply tenperature deg CF
Actual HWsupply tenperature deg CF
AHU supply air temperature deg CF
VAV supply air temperature deg CF

Cal cul ate coil capacity and conpare to design:
Desi gn WBTU hr Act ual WBTU hr

(3) Check primary air danper maxi mum mini mum flow settings and conpare to
actual neasured fl ows.

Setting Measur ed Desi gn
Maxi mum f | ow [ ] [ ] [ ] L/scfm
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M ni mum f 1 ow [ ] [ ] [ ] L/scfm
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Functi onal Performance Test Checklist (cont)- VAV Term nal s

(4) Verify that mininmal primary air is discharging into the plenum space
when in full cooling node.

(5) Verify that no plenumair is being induced fromthe plenum space into
the supply air during full cooling by measuring supply air tenperature and
conparing to primary air tenperature

Primary air temp
Supply air temp deg CF

2. Certification: W the undersigned have w tnessed t he above
functional performance tests and certify that the itemtested has net the
performance requirenments in this section of the specifications.

Si gnature and Date
Contractor's Conmi ssioning Speciali st

Contractor's Mechani cal Representative

Contractor's Electrical Representative

Contractor's TAB Representative

Contractor's Controls Representative

Contracting Oficer's Representative

Desi gn Agency Representative

Usi ng Agency's Representative
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Functi onal Performance Test Checklist - Variable Volume Air Handling Unit

For Air Handling Unit: [

1. Functional Performance Test: Contractor shall verify operation of air
handling unit in accordance with specification including the follow ng:

a. Ensure that a slight negative pressure exists on inboard side of
the outside air danpers throughout the operation of the danpers. Mdul ate
QA, RA, and EA danpers fromfully open to fully closed positions_

b. The follow ng shall be verified [supply fan operating][supply and
return fans operating] node is initiated:

(1) Al danpers in normal position prior to fan start

(2) Al valves in normal position prior to fan start

(3) Systemsafeties allow start if safety conditions are net. _

(4) VAV fan controller shall "soft-start" fan.

(5) Modulate all VAV boxes to minimumair flow and verify that
the static pressure does not exceed the high static pressure shutdown
set poi nt

(6) Return all VAV boxes to auto

c. GCccupied node of operation - econonizer de-energized.

(1) Qutside air danper at m ni num position.

(2) Return air danper open.

(3) Relief air danper [at mininumposition] [closed].
(4) Chilled water control valve nodul ating to maintain |eaving
air tenperature set point. Setpoint deg CF Actual

(5) Fan VAV controller receiving signal fromduct static pressure
sensor and nodul ating fan to maintain supply duct static pressure set
poi nt .
Set poi nt

kpai nches-wg Act ual kpai nches-wg

d. Cccupi ed node of operation - econonizer energized.

(1) Qutside air danper nodul ated to naintain mixed air
tenperature set point. Setpoint deg CF, Actual deg CF, CQutside
air danper position %

(2) Relief air danper nodul ates with outside air danper according
to sequence of operation. Relief air danper position %

(3) Chilled water control valve nodul ating to maintain |eaving
air tenperature set point. Setpoint deg CF Actual

(4) Hot water control valve nodulating to naintain |eaving air
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temperature set point.

Set poi nt
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Functi onal Performance Test Checklist (cont) - Variable Volune Air Handling

Uni t

(5) Fan VAV controller receives signal fromduct static pressure
sensor and nodul ates fan to mmintain supply duct static pressure set
point. Setpoint kpai nches-wg Act ual kpai nches-wg

e. Unoccupi ed node of operation

(1) oserve fan starts when space tenperature calls for heating and/or
cooling. Note: This does not apply to series boxes.

(2) Al'l dampers in normal position.
(3) Verify space tenperature is maintained as specified in sequence of

operati on.

f. The followi ng shall be verified when the [supply fan of f][supply
and return fans off] node is initiated:

(1) Al danpers in normal position.

(2) Al valves in nornmal position.

(3) Fan de-energizes.

Verify the chilled water coil control valve operation by setting
al | VAV's to maxi mum and m ni num cool i ng.

Max Cool i ng

Supply air temp. deg CF Verify cooling val ve operation

M n cooling

Supply air temp. ___ deg CF Verify cooling valve operation___
h. Verify safety shut down initiated by | ow tenperature protection
thermostat.
i Verify occupancy schedule is progranmmed into tine
clock/UMCS__—

2. Certification: W the undersigned have wi tnessed the above
functional performance tests and certify that the itemtested has net the
performance requirements in this section of the specifications.

Si gnature and Date

Contractor's Conmi ssioning Speciali st

Contractor's Mechani cal Representative

Contractor's Electrical Representative

Contractor's TAB Representative

Contractor's Controls Representative

Desi gn Agency Representative
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Contracting Oficer's Representative

Usi ng Agency's Representative
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Functi onal Performance Test Checklist - Single Zone Air Handling Unit

For Air Handling Unit: [__ ]

1. Functional Performance Test: Contractor shall verify operation of air
handling unit in accordance with specification including the follow ng:

a. Ensure that a slight negative pressure exists on inboard side of the
outside air danpers throughout the operation of the danpers. Modul ate QA
RA, and EA danpers fromfully open to fully cl osed positions.

a. The follow ng shall be verified when the [supply fan operating]
[supply and return fans operating] node is initiated:

(1) Al danpers in normal position prior to fan start

(2) Al valves in normal position prior to fan start_
(3) Systemsafeties allow start if safety conditions are net.
b. Occupi ed node of operation - econom zer de-energized.

(1) Qutside air danmper at mnimum position.

(2) Return air danper open.

(3) Relief air danper [at mininumposition][closed].
(4) Chilled water control valve nodul ating to naintain space
cool i ng temperature set point. Setpoint deg CF Actua

(5) Hot water control valve nobdulating to mmintain space heating
tenmperature set point input fromoutside air tenperature controller

c. Cccupied node of operation - econonizer energized.

(1) Qut side air danper nodulated to maintain nixed air
tenperature set point. Setpoint deg CF Actua
danper position 9% Return Air Tenperature_
Tenperat ure

(2) Relief air danper nodul ates with outside air danper according
to sequence of operation. Relief air danper position | %

(3) Chilled water control valve nodulating to maintain space
cooling tenperature set point. Setpoint = deg CF Actua
Return sensor overrides to normal operation.

d. Unoccupi ed node of operation.
(1) observe fan starts when space tenperature calls for
heating/cooling .
(2) Al'l danpers in normal position.
(3) Verify lowlimt space tenperature i s maintained as
specified in sequence of operation.
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Functi onal Performance Test Checklist (cont) - Single Zone Air Handling Unit

e. The follow ng shall be verified when the [supply fan of f][supply
and return fans off] node is initiated:

(1) Al danpers in normal position.

(2) Al valves in normal position.

(3) Fan de-energizes.

f. Verify cooling coil and heating coil operation by varying
thermostat set point fromcooling set point to heating set point and
returning to cooling set point

g. Verify safety shut down initiated by | ow tenperature protection
thernmpostat

h. Verify occupancy schedule is programmed into tinme
cl ock/ UMCS

2. Certification: W the undersigned have wi tnessed t he above
functional performance tests and certify that the itemtested has net the
performance requirenments in this section of the specifications.

Signature and Date

Contractor's Conmi ssioning Speciali st

Contractor's Mechani cal Representative

Contractor's Electrical Representative

Contractor's TAB Representative

Contractor's Controls Representative

Desi gn Agency Representative

Contracting Oficer's Representative

Usi ng Agency's Representative
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Functi onal Performance Test Checklist - Milti-zone Air Handling Unit

For Air Handling Unit: [__ ]
1. Functional Performance Test: Contractor shall verify operation of air
handling unit in accordance with specification including the follow ng:

a. Ensure that a slight negative pressure exists on inboard side
of the outside air danmpers throughout the operation of the danpers.

Modul ate OA, RA, and EA danpers fromfully open to fully cl osed positions.

b. The following shall be verified when the supply and return fans
operating node is initiated:

(1) Al danpers in normal position.

(2) Al valves in normal position.

(3) Systemsafeties allow start if safety conditions are net.
b. Occupi ed node of operation - econom zer de-energized.

(1) Qutside air danmper at mnimum position.

(2) Return air danper open.

(3) Relief air danper [at mininumposition] [closed].
(4) Chilled water control valve modulating to naintain cold deck
supply air tenperature set point. Setpoint deg CF Actual

(5) Hot water control valve nodulating to maintain hot deck
supply air tenperature set point input fromoutside air tenperature
controll er. Setpoint deg CF Actual deg CF O A

c. Cccupied node of operation - econonizer energized. Note outside
air and return air tenmperature sensors may need to be sinmulated.

(1) Qutside air danper nodul ates to naintain mxed air
tenperature set point. Setpoint deg CF Actual
Tenper ature deg CF Qutside Air Tenperature

(2) Relief air danper nodul ates with outside air danper according
to sequence of operation.

(3)Chilled water control valve nodulating to nmaintain cold deck supply
air tenperature set point. Setpoint deg CF Actual

(4) Hot water control valve nodulating to maintain hot deck supply
air tenperature set point input fromoutside air tenperature controller.
Set poi nt deg CF Actual deg CF OA deg CF
Return tenperature sensors to normal operation.
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Functi onal Performance Test Checklist (cont) - Milti-zone Air Handling Unit

d. Unoccupi ed node of operation note tinme clock and space
tenmperature sensor nay require sinulation
(4) bserve fan starts when space tenperature calls for heating/cooling.
(5) Al'l danpers in normal position.
(6) Verify lowlimt space tenperature is maintained as specified in
sequence of operation.

e. The followi ng shall be verified when the supply and return fans
off node is initiated:

(1) Al danpers in normal position.

(2) Al valves in nornmal position.

(3) Fan de-energizes.
Note: return tine clock and space tenperature sensors to nornal operation.

f. Verify zone danper operation by varying zone thernostat set
points fromcooling set point to heating set point and returning to cooling
set point.

g. Verify safety shut down initiated by | ow tenmperature protection
t her nost at .

h. Index roomthernpostats to full cooling then to full heating.
Measure and record col d deck, hot deck, and supply air tenperatures and
det erm ne danper | eakage for a mininumof 2 zones.

Col d deck tenperature __ degrees CF

Hot deck temperature degrees CF

Zone

Zone __ Supply Air Tenperature at Max Cooling deg CF

Zone __ Supply Air Tenperature at Max Heating = deg CF

Zone ___ Hot Deck Damper |eakage at Max cooling _ | / SCFM

Zone __ Cold Deck Damnper |eakage at Max heating | / SCFM
Zone

Zone __ Supply Air Tenperature at Max Cooling deg CF

Zone __ Supply Air Tenperature at Max Heating = deg CF

Zone __ Hot Deck Damper |eakage at Max cooling _ | / SCFM

Zone __ Cold Deck Damnper |eakage at Max heating | / SCFM

i. Verify occupancy schedule is programmed into tine
cl ock/ UMCS
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Functi onal Performance Test Checklist (cont) - Milti-zone Air Handling Unit

2. Certification: W the undersigned have w tnessed t he above
functional performance tests and certify that the itemtested has net the
performance requirenments in this section of the specifications.

Si gnature and Date

Contractor's Conmi ssioning Speciali st

Contractor's Mechani cal Representative

Contractor's Electrical Representative

Contractor's TAB Representative

Contractor's Controls Representative

Desi gn Agency Representative

Contracting Oficer's Representative

Usi ng Agency's Representative
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Functi onal Performance Test Checklist - Packaged Air Cooled Chiller

For Chiller: [__ ]

1. Functional Performance Test: Contractor shall denonstrate operation
of chilled water systemin accordance with specifications including the
following: Start building air handler to provide |oad for chiller.
Activate controls systemchiller start sequence as follows.

a. Start chilled water punp and establish chilled water flow.
Verify chiller-chilled water proof-of-flow switch operation.

b. Verify control system energizes chiller start sequence.

c. Verify chiller senses chilled water tenperature above set point
and control systemactivates chiller start. Setpoint deg CF Actua
deg CF

d. Verify functioning of "soft start" sequence.

e. Verify and record chiller data in accordance with 2, 3 and 4 bel ow on
fully | oaded chiller.

f. Shut off air handling equipnment to renove | oad on chilled water
system Verify chiller shutdown sequence is initiated and acconplished
after load is renoved.

g. Restart air handling equi pnent one minute after chiller shut
down. Verify chiller restart sequence.

2. Verify chiller inlet/outlet pressure reading, compare to Testing,
Adj usting, and Bal ancing (TAB) Report, chiller design conditions, and
chiller manufacturer's performance data.

DESI GN TAB TEST ACTUAL
Chiller inlet pressure (kPa gauge)
Chiller inlet pressure (psig)

Chiller outlet pressure (kPa gauge)
Chiller outlet pressure (psig)

Chiller flow L/ secGPNV

3. Verify chiller amperage each phase and vol t age phase-to-phase and
phase-t o- ground.
Motor F/ L AWPS
Amperage Phase 1 Phase 2 Phase 3

Vol t age Phl- Ph2 Ph1- Ph3 Ph2- Ph3

Vol t age Ph1-gnd
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Functi onal Performance Test Checklist (cont) - Packaged Air Cooled Chiller

4.
a. Record the follow ng information
Desi gn
Anbi ent dry bulb tenmperature degrees CF degrees CF
Entering chilled water tenperature degrees CF degrees CF
Leaving chilled water tenperature degrees CF degrees CF

b. Calculate chiller |oad at anbient conditions and conpare to chiller
rated capacity from manufacturer's literature. Calculated KWsTon
Rat ed KWs Ton.

5. Unusual vibration, noise, etc.

6. Certification: W the undersigned have wi tnessed t he above
functional performance tests and certify that the itemtested has net the
performance requirenments in this section of the specifications.

Signature and Date

Contractor's Conmi ssioning Speciali st

Contractor's Mechani cal Representative

Contractor's Electrical Representative

Contractor's TAB Representative

Contractor's Controls Representative

Desi gn Agency Representative

Contracting Oficer's Representative

Usi ng Agency's Representative
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Functi onal Performance Test Checklist - Air Cool ed Condensing Unit

For Condensing Unit: [ ]

1. Functional Performance Test: Contractor shall denonstrate operation
of refrigeration systemin accordance wi th specifications including the
following: Start building air handler to provide |oad for condensing
unit. Activate controls systemstart sequence as follows.

a. Start air handling unit. Verify control system energizes
condensing unit start sequence.

b. Verify and record data in 2 and 3 bel ow
c. Shut off air handling equipnment to verify condensing unit
de- energi zes.

d. Restart air handling equi pnent one mnute after condensing unit
shut down. Verify condensing unit restart sequence.

2. Verify condensing unit anperage each phase and voltage phase to phase
and phase to ground.
Mot or Ful | - Load Anps

Anperage Phase 1 _ Phase 2__ Phase 3__ =
Vol t age Ph1-Ph2 Ph1-Ph3__ Ph2-Ph3__
Vol t age Phl-gnd __ Ph2-gnd___ Ph3-gnd___
3. Record the follow ng information:

Anbi ent dry bulb tenperature degrees CF

kPa gaugepsi g
kPa gaugepsi g

Suction pressure
Di scharge pressure

4. Unusual vibration, noise, etc.

5. Certification: W the undersigned have wi tnessed the above
functional performance tests and certify that the itemtested has net the
performance requirements in this section of the specifications.

Si gnature and Date
Contractor's Conmi ssioning Speciali st

Contractor's Mechani cal Representative

Contractor's Electrical Representative

Contractor's TAB Representative

Contractor's Controls Representative

Desi gn Agency Representative

Contracting Oficer's Representative
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Usi ng Agency's Representative
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Functi onal Performance Test Checklist - Hot Water Boil er
For Boiler: [__ ]

1. Functional Performance Test: Contractor shall denonstrate operation
of hot water systemin accordance with specifications including the
followi ng: Start building heating equi prent to provide | oad for boiler.
Activate controls systemboiler start sequence as foll ows.

a. Start hot water punp and establish hot water flow. Verify boiler
hot wat er proof-of-flow switch operation.

b. Verify control system energizes boiler start sequence.
c. Verify boiler senses hot water tenperature bel ow set point and
control systemactivates boiler start. Setpoint

2. Verify boiler inlet/outlet pressure reading, conpare to Test and
Bal ance (TAB) Report, boiler design conditions, and boiler manufacturer's
performance dat a.

DESI GN SYSTEM TEST  ACTUAL
Boiler inlet water tenperature deg CF
Boil er outlet water tenperature deg CF
Boil er outl et pressure kPa gaugepsig
Boiler flow rate L/sgpn
Fl ue-gas tenperature at boiler outlet deg CF
Percent carbon dioxide in flue-gas
Draft at boiler flue-gas exit kpai nches-wg
Stack emission pollutants concentration
Fuel type
Conbustion efficiency

3. Record the follow ng information:

Anmbi ent dry bulb tenperature to deternine reset schedule_ degrees CF
Buil ding Entering hot water tenperature degrees CF
Bui | di ng Leavi ng hot water tenperature _____ degrees CF

4. Verify tenperatures in item3 are in accordance with the reset
schedul e.

5. Verify proper operation of boiler safeties.
Low water

Water flow

Flame failure_

Pilot failure

Pre and Post Purge failure__
Pressure relief

H gh tenperature

Q 00O Tw

6. Shut of f buil ding heating equi prent to renove | oad on hot water
system Verify boiler shutdown sequence is initiated and acconplished after
| oad is renoved.
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Functi onal Performance Test Checklist (cont) - Hot Water Boiler

7. Unusual vibration, noise, etc.

8. Certification: W the undersigned have wi tnessed the above
functional performance tests and certify that the itemtested has net the
performance requirements in this section of the specifications.

Si gnature and Date

Contractor's Conmi ssioning Speciali st

Contractor's Mechani cal Representative

Contractor's Electrical Representative

Contractor's TAB Representative

Contractor's Controls Representative

Desi gn Agency Representative

Contracting Oficer's Representative

Usi ng Agency's Representative
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Functi onal Performance Test Checklist - Steam Boil er

For Boiler: [__ ]

1. Functional Performance Test: Contractor shall denonstrate operation
of steam heating systemin accordance with specifications including the
followi ng: Start building heating equi prent to provide | oad for boiler.
Activate controls systemboiler start sequence as foll ows.

a. Start steam heating system Verify control system energizes
boil er start sequence.

b. Verify boiler senses steam pressure bel ow set point and contro
system activates boiler start.

c. Shut off building heating equi pnent to renove | oad on steam
heating system Verify boiler shutdown sequence is initiated and
acconpl i shed after load is renoved.

d. Verify that water |evel and makeup water system are operational.

2. Verify boiler inlet/outlet pressure reading, conpare to boiler design
condi tions and manufacturer's performance data.

DESI GN SYSTEM TEST ACTUAL
Boiler inlet feedwater tenp deg CF
Boil er outlet pressure kPa gaugepsig
Fl ue-gas tenperature at boiler outlet deg CF
Percent carbon dioxide in flue-gas

Draft at boiler flue-gas exit kpai nches-wg

Stack emission pollutants concentration
Fuel type
Conbustion efficiency

3. Record the follow ng information
Anbi ent tenperature

4. Verify proper operation of boiler safeties.

5. Unusual vibration, noise, etc.

6. Visually check refractory for cracks or spalling and refractory and
tubes for flane inpingenent.
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Functi onal Performance Test Checklist (cont) - Steam Boil er

7. Certification: W the undersigned have wi tnessed the above
functional performance tests and certify that the itemtested has net the
performance requirenments in this section of the specifications.

Signature and Date

Contractor's Conmi ssioning Speciali st

Contractor's Mechani cal Representative

Contractor's Electrical Representative

Contractor's TAB Representative

Contractor's Controls Representative

Desi gn Agency Representative

Contracting Oficer's Representative

Usi ng Agency's Representative
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Functi onal Performance Test Checklist - Fan Coil Units

The Contracting Officer will select fan coil units to be spot-checked
during the functional performance test. The nunber of term nals shall not
exceed 10 percent. Hot water and chilled water systens nust be in
operation providing desi gn water tenperatures.

1. Functional Performance Test: Contractor shall denonstrate operation
of selected fan coils in accordance with specifications including the
fol | owi ng:

a. Cooling only fan coils:

(1) Verify fan coil unit response to roomtenp set point
adj ust nent .

1. Check blower fan airflow. L/ scfm
2. Check cooling coil water flow L/ sgpm
3. Verify proper operation of cooling water contro
valve.
4, Cooling nmode inlet air tenperature deg CF
5. Cooling node outlet air tenperature deg CF
6. Cal cul ate coil sensible capacity and conpare to design:
Calculated Watt sBTU hr Design_ Wat t sBTU/ hr

b. Cooling/heating fan coils:

(1) Verify fan coil unit response to roomtenp set point
adj ust nent .

1. Check blower fan airflow L/ scfm
2. Check cooling coil water flow _ L/ sgpm
3. Verify proper operation of cooling water control valve. _
4. Check cooling node inlet air tenperature. deg CF
5. Check cooling node outlet air tenperature. deg CF
6. Calculate cooling coil sensible capacity and conpare to
desi gn:
7. Calculated Watt sBTU hr Design_ Wat t sBTU/ hr
8. Check heating coil water flow _ L/ sgpm
9. Verify proper operation of heating water control valve.

10. Check heating node inlet air tenperature.

11. Check heating node outlet air tenperature.

12. Calculate heating coil capacity and conpare to design:
Cal cul at ed Wat t sBTU hr desi gn Wat t sBTU hr

2. Certification: W the undersigned have w tnessed the above
functional performance tests and certify that the itemtested has net the
performance requirenments in this section of the specifications.

Si gnature and Date

Contractor's Conmi ssioning Speciali st

Contractor's Mechani cal Representative

Contractor's Electrical Representative

Contractor's TAB Representative

Contractor's Controls Representative
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Desi gn Agency Representative

Contracting Officer's Representative

Usi ng Agency's Representative
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Functional Performance Test Checklist - Unit Heaters

The Contracting Officer will select unit heaters to be spot-checked
during the functional performance test. The nunber of term nals shall not
exceed 10 percent. Hot water systens {for hot water unit heaters} nust be
in operation and supplying design hot water supply tenperature water.

1. Functional Performance Test: Contractor shall denonstrate operation
of selected unit heaters:

a. Verify unit heater response to roomtenperature set point
adj ust ment .

b. Check heating node inlet air tenmperature. deg CF

c. Check heating node outlet air tenperature. _ deg CF

d. Record manufacturer's submitted fan capacity L/ scfm

e. Cal cul ate unit heater capacity using nmanufacturer's fan capacity
and recorded tenperatures and conpare to design.

f. Calculated_ Watt sBTU hr Design__ Wat t sBTU hr

2. Certification: W the undersigned have w tnessed the above
functional performance tests and certify that the itemtested has net the
performance requirenments in this section of the specifications.

Si gnature and Date

Contractor's Conmi ssioning Speciali st

Contractor's Mechani cal Representative

Contractor's Electrical Representative

Contractor's TAB Representative

Contractor's Controls Representative

Desi gn Agency Representative

Contracting OFficer's Representative

Usi ng Agency's Representative
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Functional Performance Test Checklist - Steam Hot Water Converter
For Converter: [__ ]

1. Functional Performance Test: Contractor shall denonstrate operation
of heating systemin accordance with specifications including the

followi ng: Start building heating equi pnent to provide | oad for converter

a. Verify control system energizes.

b. Verify converter senses hot water tenperature bel ow set point and
control system nodul ates steam val ve.

c. Shut off building heating equipnent to renove | oad on heating
system Verify converter steamvalve closes after load is renmoved.
2. Verify converter inlet/outlet pressure reading, conpare to converter

design conditions and nmanufacturer's perfornmance data.

DESI GN ACTUAL
Converter inlet water tenp deg CF
Converter outlet water tenp deg CF
Converter inlet steam pressure kpapsig
Determi ne water flow rate based
on pressure drop through converter (L/SGPN)
Determ ne water flowrate with fl ow
nmeasuri ng device L/ SGPNV
Verify that tenperature of water Current Act ua
is in accordance with outdoor air Set poi nt Tenperature
reset schedul e

3. Verify proper operation of converter safeties.

4. Check and report unusual vibration, noise, etc.

5. Certification: W the undersigned have w tnessed t he above
functional performance tests and certify that the itemtested has net the
performance requirenments in this section of the specifications.

Signature and Date

Contractor's Conmi ssioning Speciali st

Contractor's Mechani cal Representative

Contractor's Electrical Representative

Contractor's TAB Representative

Contractor's Controls Representative

Desi gn Agency Representative

Contracting Oficer's Representative
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Usi ng Agency's Representative
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Functi onal Performance Test Checklist - Conputer Room Unit

For Conputer RoomUnit: [__ ]

1. Functional Performance Test: Contractor shall verify operation of
conputer roomunit in accordance with specification including the foll ow ng:

a. Systemsafeties allow start if safety conditions are net.
b. Verify cooling and heating operation by varying thernostat set

poi nt from space set point to space set point plus 5.510 degrees, space set

poi nt mnus 5.510 degrees, and returning to space set point.

c. Verify humdifier operation by varying hum distat set point from
space set point to space set point plus 20 percent RH, and returning to
space set point.

d. Verify that airflowis within tol erance specified in Section
23 05 93 TESTI NG, ADJUSTI NG AND BALANCI NG OF HVAC SYSTEMS.

2. Certification: W the undersigned have w tnessed the above
functional performance tests and certify that the itemtested has net the
performance requirements in this section of the specifications.

Si gnature and Date

Contractor's Conmi ssioning Speciali st

Contractor's Mechani cal Representative

Contractor's Electrical Representative

Contractor's TAB Representative

Contractor's Controls Representative

Desi gn Agency Representative

Contracting Oficer's Representative

Usi ng Agency's Representative
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Functi onal Performance Test Checklist - HVAC Control s

For HVAC System [__ ]

The Contracting Officer will select HVAC control systens to undergo
functional performance testing. The nunber of systenms shall not exceed 10
percent. Performthis test simultaneously with FPT for AHU or other

control | ed equi prent .

1. Functional Performance Test: Contractor shall verify operation of
HVAC controls by perform ng the Performance Verification Test {PVT} test
for that system Contractor to provide blank PVT test procedures previously
done by the controls Contractor.

2. Verify interlock with UMCS system

3. Verify all required I/O points function fromthe UMCS system

4. Certification: W the undersigned have w tnessed the Performance
Verification Test and certify that the itemtested has net the performance
requirenments in this section of the specifications.

Si gnature and Date

Contractor's Conmi ssioning Speciali st

Contractor's Mechani cal Representative

Contractor's Electrical Representative

Contractor's TAB Representative

Contractor's Controls Representative

Desi gn Agency Representative

Contractor's Oficer's Representative

Usi ng Agency's Representative

SECTION 23 08 00.00 10 Page 70



Functi onal Performance Test Checklist - Energy Recovery System

For Energy Recovery System [__ ]

1. Functional Performance Test: Contractor shall denonstrate operation
of energy recovery systemin accordance with specifications including the
followi ng: Start equiprment to provide energy source for recovery system

a. Verify energy source is providing recoverabl e energy.
b. Verify recovery system senses avail abl e energy and activates.

2. Verify recovery systeminlet/outlet readings, compare to design
conditions and manufacturer's performance data.

Desi gn Act ua
Primary loop inlet tenp (degrees CF)
Primary | oop outlet tenp (degrees CF)
Primary loop flow rate L/s[gpn]][cfn]
Secondary loop inlet tenp (degrees CF)
Secondary | oop outlet tenp (degrees CF)
Secondary loop flow rate L/s[gpn]][cfn]
Primary | oop energy WattsBTU hr
Secondary | oop energy WattsBTU hr

3. Verify that recovery system deactivates when recoverable energy is no
| onger avail abl e.

4. Check and report unusual vibration, noise, etc.

5. Certification: W the undersigned have wi tnessed t he above
functional performance tests and certify that the itemtested has met the
performance requirements in this section of the specifications.

Si gnature and Date

Contractor's Conmi ssioning Specialist

Contractor's Mechani cal Representative

Contractor's Electrical Representative

Contractor's TAB Representative

Contractor's Controls Representative

Desi gn Agency Representative

Contractor's Oficer's Representative

Usi ng Agency's Representative
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- End of Appendix B -
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-End of document
-- End of Section --
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