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The SOLICITATION is amended as follows:

1. SPECIFICATIONS:
a. Wage Determinations:
Wage Determination KS030021 is hereby deleted from the solicitation.

Wage Determination KS030011, dated 06/13/2003, no modes, is deleted and replaced with
Wage Determination KS030011, dated 04/09/2004, 1 mod. A copy of the revised wage determination is
attached.

b. Revised Sections: The following sections are deleted and replaced with revised sections of the
same numbers. Copies of the revised sections are attached.

01356A
02220

07311A
13851A
15951A
16370A
16375A
16415A

c. Revised Pages: The following pages are deleted and replaced with pages of the same numbers.
Copies of the revised pages are attached.

1 of 135 (SF 1442)
00810-i

d. New Section: Section 02555A PREFABRICATED UNDERGROUND HEATING/COOLING
DISTRIBUTION SYSTEM is a new section and is added to the Specification. A copy of the new
section is attached.

2. DRAWINGS: The following drawings are deleted and replaced with revised drawings of the same
numbers. Copies of the revised sections are attached.

a. Architecture:  Volume 1 Volume 2 Volume 3 Volume 4

A-A-101
A-A-304
A-A-604
B-A-601
B-A-602

2 — Amdt. 0001



b. Electrical: Volume 1

d. Civil

E-001

E-601

B_E-101
B_E-102
B_E-103
B_E-104
B_E-105
B_E-106
E-902

A_E-601

FX101

A_P-101
B_M-104
B_M-105
B_M-106
B_M-107
B_M-108
B_M-109
B_M-301
B_M-404

E-001
A_E-301
A_E-302
A_E-602
B_E-301
B_E-602
E-902

FX101
FX102
A_P-103
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ED101
ES100
ES101
ES102
ES103
ES104
E-501
E-901
E-902
E-904

Volume 3
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Volume 4

Volume 4

T-102

CE100
CG401
CG402
CG403
CG404
CG405
CG406
CG407
CG408
CG409
CG410
CG411
CG412
CG413
CG414
CG415
CG416
CG417
CG418
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3. For convenience, on the revised specification pages, essential changes have been emphasized by an
underline. However, all portions of the revised specifications shall apply whether or not changes have
been indicated.

4. Bidders are required to acknowledge receipt of this amendment on the Bidding Form, in the space
provided, or by separate letter or telegram prior to opening of bids. Failure to acknowledge all amendments
may cause rejection of the bid.

5. Bids will be received until 2:00 p.m., local time, 4 May 2004, in Room 748 Federal Building, 601 E. 12"
Street, Kansas City, Missouri 64106-2896. and at that time publicly opened.

4 — Amdt. 0001
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1. SOLICITATION NO. |2. TYPE OF SOLICITATION 3. DATE ISSUED PAGE OF PAGES
SOLICITATION, OFFER,
AND AWARD SEALED BID (IFB)
(Construction, Alteration, or Repair) W912DQ-04-B-0004 I:INEGOT'ATED (RFP) 3/18/2004 1 135
IMPORTANT - The "offer" section on the reverse must be fully completed by offeror.
4. 5. REQUISITION/PURCHASE REQUEST NO. 6. PROJECT NO.
W58XUW-2311-0552
7. ISSUED BY CODE 8. ADDRESS OFFER TO
U.S. Army Engineer District, Kansas City See ltem 7
760 Federal Building, 601 E. 12th Street
Kansas City, Missouri 64106-2896 Bid Opening Room: 748
Tel: (816) 983-3845
Fax: (816) 426-5169
9. FOR INFORMATION A. NAME B. TELEPHONE NO.  (Include area code)
CALL: Perry Marks 816-983-3850 Ext. (NO COLLECT CAEL
SOLICITATION
NOTE: In sealed bid solicitation "offer" and "offeror" mean "bid" and "Bidder".
10. THE GOVERNMENT REQUIRES PERFORMANCE OF THE WORK DESCRIBED IN THESE DOCUMENTS (Title, identifying no., date):

Barracks - 1st BDE
FYO04, PN 36388

Description of Work: Construction of two 3-story barracks buildings which will house 312 persons, a
Soldier Community Building, and six Company Operations Facilities. Optional work would include removal
and replacement of approximately 3,700 meters of concrete roadway (Kitty Drive).

11. The Contractor shall begin performance within 10 calendar days and complete it within 630 calendar days after receiving
I:laward Notice to Proceed-C This performance period is mandatory, Dnegotiable. (See Sec. 00800, FAR52.211-10)
12A. THE CONTRACTOR MUST FURNISH ANY REQUIRED PERFORMANCE AND PAYMENT BONDS? 12B. CALENDAR DAYS

(If "YES", indicate within how many calendar days after award in Item 12B.)

[X]ves  [no o

13. ADDITIONAL SOLICITATION REQUIREMENTS:

A. Sealed offers in original and one  copies to perform the work required are due at the place specified in Item 8 by 2:00 p.m.
local time 5/4/2004 (date). If this is a sealed bid solicitation, offers will be publicly opened at that time. Sealed envelolpes
containing offers shall be marked to show the offeror's name and address, the solicitation number, and the date and time offers are due.

B.  An offer guarantee [xJis.  [is not required. NOT TOEXCEED ~ 20%  OF TOTAL BID AMOUNT

C. All offers are subject to the (1) work requirements, and (2) other provisions and clauses incorporated in the solicitation in full text or by
reference.

D.  Offers providing less than 90 calendar days for Government acceptance after the date offers are due will not be considered and

will be rejected.

NSN 7540-01-155-3212 1442 102 STANDARD FORM 1442  (REV. 4-85)
Prescribed by GSA
FAR (48 CFR) 53.236-1(d)

Page 1 of 135



SECTION 00810

WAGE RATES

K S030004, dated 06/13/2003, no mods.

K S030011, dated 04/09/2004, 1 mod.

TEXT DELETED.

K S030027, date 06/13/2003, no mods.

00810-i
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General Decision Nunber: KS030011 04/09/2004 KS11
Super seded General Decision Nunber: KS020011
State: Kansas
Construction Type: Building
County: Riley County in Kansas.
BUI LDI NG CONSTRUCTI ON PRQIECTS (does not include residenti al
construction consisting of single fam |y honmes and apartnents
up to and including 4 stories)
Modi fi cati on Number Publ i cation Date
0 06/ 13/ 2003
1 04/ 09/ 2004

* PLUMD165-001 01/01/ 2003

Rat es Fri nges
Plumber.......... ... ... ....... $ 24.69 10. 40
ROOF0020- 013 06/ 01/ 2003
Rat es Fri nges
Roofer........... ... .. ... ...... $ 23.41 6. 64
* SFKS0669- 002 01/ 01/ 2004
Rat es Fri nges
Sprinkler Fitter............... $ 28.31 7.15
SHEEOO077- 003 06/ 01/2001
Rat es Fri nges
Sheet met al Wor ker
(I'ncl udi ng HVAC Duct Work)..... $ 23.58 7.34
SUKS2000- 003 03/ 01/ 2000
Rat es Fri nges
Bricklayer..................... $ 18.00

Car penter (I ncluding
Drywal I Hangi ng and
Excl uding Insulation, Batt)....$ 12.93 3.01



Cenent MASON. .................. $ 11.00 0.44

Laborer
Unski | | ed (Excl udi ng
Blown Installation)......... $ 8.42

Pai nter, Brush and Roll er
(I'ncl udi ng Drywal |

Finishing)..................... $ 11.39

Power Equi prent QOper at or
Backhoe..................... $ 13.19 2.68
Rollers (Al Types)......... $ 10.53

VELDERS - Receive rate prescribed for craft performng
operation to which welding is incidental.

Unlisted classifications needed for work not included within
the scope of the classifications |isted may be added after
award only as provided in the |abor standards contract clauses
(29CFR 5.5 (a) (1) (ii)).

In the listing above, the "SU' designation neans that rates
listed under the identifier do not reflect collectively

bar gai ned wage and fringe benefit rates. Oher designations
i ndi cate uni ons whose rates have been deternined to be
prevailing.

WAGE DETERM NATI ON APPEALS PROCESS

1.) Has there been an initial decision in the matter? This can
be:

an existing published wage deterni nation

* a survey underlying a wage determ nation

* a Wage and Hour Division letter setting forth a position on
a wage determi nation matter

* a conformance (additional classification and rate) ruling

On survey related matters, initial contact, including requests
for summaries of surveys, should be with the Wage and Hour
Regional O fice for the area in which the survey was conduct ed
because those Regional Ofices have responsibility for the
Davi s- Bacon survey program |f the response fromthis initial
contact is not satisfactory, then the process described in 2.)
and 3.) should be foll owed.

Wth regard to any other matter not yet ripe for the formal
process described here, initial contact should be with the
Branch of Construction Wage Determinations. Wite to:



Branch of Constructi on Wage Deterni nations

Wage and Hour Division

U. S. Departnent of Labor

200 Constitution Avenue, N W

Washi ngt on, DC 20210
2.) If the answer to the question in 1.) is yes, then an
interested party (those affected by the action) can request
revi ew and reconsideration fromthe Wage and Hour Admi nistrator
(See 29 CFR Part 1.8 and 29 CFR Part 7). Wite to:

Wage and Hour Adnmi nistrator

U. S. Departnent of Labor

200 Constitution Avenue, N W

Washi ngt on, DC 20210
The request shoul d be accompani ed by a full statenent of the
interested party's position and by any information (wage
payment data, project description, area practice material,
etc.) that the requestor considers relevant to the issue.
3.) If the decision of the Adm nistrator is not favorable, an
interested party nay appeal directly to the Admi nistrative
Revi ew Board (fornerly the Wage Appeals Board). Wite to:

Adm ni strative Review Board

U. S. Departnent of Labor

200 Constitution Avenue, N W

Washi ngt on, DC 20210

4.) Al decisions by the Adm nistrative Review Board are final.

END OF GENERAL DECI SI ON
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SECTI ON 01356A

STORM WATER POLLUTI ON PREVENTI ON MEASURES
08/ 96

PART 1 GENERAL

1.

1 REFERENCES

The publications |isted below forma part of this specification to the extent
referenced. The publications are referred to in the text by basic designation
only.

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

ASTM D 4439 (1997) Standard Term nol ogy for CGeosynthetics

ASTM D 4491 (1996) Water Perneability of Geotextiles by
Permttivity

ASTM D 4533 (1991; R 1996) Trapezoid Tearing Strength of
Geotextiles

ASTM D 4632 (1991; R 1996)) Grab Breaking Load and
El ongati on of Ceotextiles

ASTM D 4751 (1995) Determ ning Apparent Opening Size of a
Geotextile

ASTM D 4873 (1995) Identification, Storage, and Handling of
Ceosynthetic Rolls

.2  GENERAL

The Contractor shall inplement the stormwater pollution prevention neasures

specified in this section in a manner which will neet the requirenents of
Secti on 01355A ENVI RONVENTAL PROTECTI ON, and National Pollution Discharge

El i mination System (NPDES) requirenents. Please note that the District will
acquire the pernmit prior to issuing Notice to Proceed. Pernit requirenents can
be downl oaded fromthe followi ng website:

http://ww. kdhe. st at e. ks. us/ st ormnat er/ resour ces/ cgp_revi sion_final . pdf

.4 ERCSI ON AND SEDI MENT CONTROLS

The controls and neasures required by the Contractor are described bel ow

.4.1 Stabilization Practices

The stabilization practices to be inplenented shall include tenmporary seeding,

mul chi ng, geotextiles,. On his daily CQC Report, the Contractor shall record the
dates when the nmajor grading activities occur, (e.g., clearing and grubbing,
excavation, ); when construction activities tenporarily or permanently cease on a
portion of the site; and when stabilization practices are initiated. Except as
provi ded i n paragraphs UNSU TABLE CONDI TI ONS and NO ACTIVITY FOR LESS THAN 21
DAYS, stabilization practices shall be initiated as soon as practicable, but no
nore than 14 days, in any portion of the site where construction activities have
temporarily or permanently ceased.

.4.1.1 Unsui t abl e Conditions

Where the initiation of stabilization neasures by the fourteenth day after

01356A-1
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construction activity permanently ceases is precluded by unsuitable conditions
caused by the weather, stabilization practices shall be initiated as soon as
practicable after conditions becone suitable.

.4.1.2 No Activity for Less Than 21 Days

Where construction activity will resume on a portion of the site within 21 days
fromwhen activities ceased (e.g., the total tinme period that construction
activity is tenmporarily ceased is |less than 21 days), then stabilization
practices do not have to be initiated on that portion of the site by the
fourteenth day after construction activity tenporarily ceased

.4.2 Structural Practices

Structural practices shall be inplenmented to divert flows from exposed soils,
temporarily store flows, or otherwise limt runoff and the discharge of

pol lutants from exposed areas of the site. Structural practices shall be
inplemented in a timely manner during the construction process to mnimze

erosi on and sedi nent runoff. Structural practices shall include the follow ng
devi ces.
.4.2.1 Silt Fences

The Contractor shall provide silt fences as a tenporary structural practice to

m nim ze erosion and sedi nent runoff. Silt fences shall be properly installed to
effectively retain sediment imedi ately after conpleting each phase of work where
erosi on woul d occur in the formof sheet and rill erosion (e.g. clearing and
grubbi ng, excavation, enbanknent, and grading). Silt fences shall be installed
in the locations indicated on the drawings. Final renmoval of silt fence barriers
shal | be upon approval by the Contracting O ficer.

.4 SUBM TTALS

Covernnent approval is required for subnmittals with a "G' designation; submttals
not having a "G' designation are for information only. Wen used, a designation
following the "G' designation identifies the office that will reviewthe
submttal for the Governnent. The follow ng shall be submitted in accordance

wi th Section 01330 SUBM TTAL PROCEDURES

SD- 01 Preconstruction Submittals

MIIl Certificate or Affidavit; G RE

PART 2 PRODUCTS

2.

2.

1 COVPONENTS FOR SI LT FENCES
1.1 Filter Fabric

The geotextile shall conply with the requirenents of ASTM D 4439, and shal
consist of polyneric filaments which are formed into a stable network such that
filaments retain their relative positions. The filament shall consist of a

| ong-chai n synthetic polyner conposed of at |east 85 percent by weight of ester,
propyl ene, or amide, and shall contain stabilizers and/or inhibitors added to the
base plastic to make the filanents resistance to deterioration due to ultraviolet
and heat exposure. Synthetic filter fabric shall contain ultraviolet ray

i nhibitors and stabilizers to provide a m ni mum of six nonths of expected usable
construction life at a tenperature range of -18 to 49 degrees C. The filter
fabric shall meet the follow ng requirenents:

01356A-2
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FILTER FABRI C FOR SI LT SCREEN FENCE

PHYSI CAL PROPERTY TEST PROCEDURE STRENGTH REQUI REMENT
Gab Tensile ASTM D 4632 445 N m n.

El ongation (% 30 % nax.
Trapezoi d Tear ASTM D 4533 245 N mn
Permttivity ASTM D 4491 0.2 sec-1

ACS (U.S. Std Sieve) ASTM D 4751 20- 100

2.1.2 Silt Fence Stakes and Posts

The Contractor may use either wooden stakes or steel posts for fence
construction. Woden stakes utilized for silt fence construction, shall have a
m ni mum cross section of 50 mm by 50 nm when oak is used and 100 mm by 100 mm
when pine is used, and shall have a mnimumlength of 1.5 m Steel posts
(standard "U' or "T" section) utilized for silt fence construction, shall have a
m ni mum mass of 1.98 kg per linear neter and a minimumlength of 1.5 m

.1.3 MIl Certificate or Affidavit

Amll certificate or affidavit shall be provided attesting that the fabric and
factory seams neet chem cal, physical, and manufacturing requirenents specified
above. The mill certificate or affidavit shall specify the actual M nimum
Average Roll Values and shall identify the fabric supplied by roll identification
nunbers. The Contractor shall submit a mill certificate or affidavit signed by a
l egal |y authorized official fromthe conpany manufacturing the filter fabric.

.1.4 I dentification Storage and Handl i ng

Filter fabric shall be identified, stored and handl ed i n accordance with ASTM D
4873.

.2 COVPONENTS FOR STRAW BALES

The straw in the bales shall be stalks fromoats, wheat, rye, barley, rice, or
from grasses such as byhalia, bernuda, etc., furnished in air dry condition. The
bal es shall have a standard cross section of 350 mmby 450 nm Al bal es shall
be either wire-bound or string-tied. The Contractor may use either wooden stakes
or steel posts to secure the straw bales to the ground. Woden stakes utilized
for this purpose, shall have a m ni num di mensi ons of 50 mm by 50 nmin cross
section and shall have a minimumlength of 1 m Steel posts (standard "U' or "T"
section) utilized for securing straw bales, shall have a mni num nmass of 1.98 kg
per linear neter and a mninmumlength of 1 m.

PART 3 EXECUTI ON

3.

3.

1 | NSTALLATI ON OF SI LT FENCES

Silt fences shall extend a mninum of 400 mm above the ground surface and shall
not exceed 860 nmm above the ground surface. Filter fabric shall be froma
continuous roll cut to the length of the barrier to avoid the use of joints.

When joints are unavoidable, filter fabric shall be spliced together at a support
post, with a minimm 150 nm overl ap, and securely sealed. A trench shall be
excavat ed approxi mately 100 nm wi de and 100 mm deep on the upsl ope side of the

|l ocation of the silt fence. The 100 nm by 100 nmtrench shall be backfilled and
the soil conpacted over the filter fabric. Silt fences shall be renoved upon
approval by the Contracting Oficer.

2 | NSTALLATI ON OF STRAW BALES

01356A-3
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Straw bal es shall be placed in a single row, |engthwi se on the contour, wth ends
of adjacent bales tightly abutting one another. Straw bales shall be installed
so that bindings are oriented around the sides rather than along the tops and
bottons of the bales in order to prevent deterioration of the bindings. The
barrier shall be entrenched and backfilled. A trench shall be excavated the
width of a bale and the Iength of the proposed barrier to a mini numdepth of 100
mm After the bales are staked and chinked (gaps filled by wedging with straw),

the excavated soil shall be backfilled against the barrier. Backfill soil shal

conformto the ground | evel on the downhill side and shall be built up to 100 mm
agai nst the uphill side of the barrier. Loose straw shall be scattered over the
area inmediately uphill froma straw bale barrier to increase barrier efficiency.

Each bal e shall be securely anchored by at |east two stakes driven through the
bale. The first stake or steel post in each bale shall be driven toward the
previously laid bale to force the bales together. Stakes or steel pickets shal
be driven a mnimum 450 mm deep into the ground to securely anchor the bal es.

3.3 MAI NTENANCE

The Contractor shall maintain the tenporary and pernmanent vegetation, erosion and
sedi ment control neasures, and other protective neasures in good and effective
operating condition by perform ng routine inspections to determni ne condition and
ef fectiveness, by restoration of destroyed vegetative cover, and by repair of
erosi on and sedi nent control neasures and other protective neasures. The

foll owi ng procedures shall be followed to maintain the protective measures.

3.3.1 Silt Fence Mintenance

Silt fences shall be inspected in accordance with paragraph | NSPECTI ONS. Any
required repairs shall be made promptly. Close attention shall be paid to the
repair of damaged silt fence resulting fromend runs and undercutting. Should
the fabric on a silt fence deconpose or becone ineffective, and the barrier is
still necessary, the fabric shall be replaced pronptly. Sedinent deposits shal
be renmoved when deposits reach one-third of the height of the barrier. Wen a
silt fence is no longer required, it shall be removed. The i medi ate area
occupi ed by the fence and any sedi ment deposits shall be shaped to an acceptabl e
grade. The areas disturbed by this shaping shall , paragraph be seeded in
accordance with Section 02921

3.3.2 St raw Bal e Mai nt enance

Straw bal e barriers shall be inspected in accordance wi th paragraph | NSPECTI ONS.
Close attention shall be paid to the repair of damaged bal es, end runs and
undercutting beneath bales. Necessary repairs to barriers or replacenent of

bal es shall be acconplished pronptly. Sedinment deposits shall be renmpbved when
deposits reach one-half of the height of the barrier. Bale rows used to retain
sedi ment shall be turned uphill at each end of each row. \Wen a straw bale
barrier is no longer required, it shall be renmobved. The i medi ate area occupi ed
by the bal es and any sedi nent deposits shall be shaped to an acceptabl e grade.
The areas disturbed by this shaping shall be seeded in accordance with Section
02921 TURF

3.3.3 Di versi on D ke Mi ntenance
Di versi on di kes shall be inspected in accordance wi th paragraph | NSPECTI ONS.
Close attention shall be paid to the repair of damaged diversion di kes and
necessary repairs shall be acconplished pronptly. When diversion dikes are no
| onger required, they shall be shaped to an acceptable grade. The areas
di sturbed by this shaping shall be seeded in accordance with Section 02921 TURF
3.4 | NSPECTI ONS

3.4.1 Cener a

01356A-4
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The Contractor shall inspect disturbed areas of the construction site, areas used
for storage of materials that are exposed to precipitation that have not been
finally stabilized, stabilization practices, structural practices, other
controls, and area where vehicles exit the site at |east once every seven (7)

cal endar days and within 24 hours of the end of any stormthat produces 13 mm or
nmore rainfall at the site. Were sites have been finally stabilized, such

i nspection shall be conducted at |east once every nonth.

.4.2 | nspections Details

Di sturbed areas shall be inspected for evidence of, or the potential for,

pol lutants entering the drai nage system Erosion and sedi nent control neasures
identified in the StormWter Pollution Prevention Plan shall be observed to
ensure that they are operating correctly. Discharge |ocations or points shall be
i nspected to ascertain whether erosion control nmeasures are effective in
preventing significant inmpacts to receiving waters. Locations where vehicles
exit the site shall be inspected for evidence of offsite sedinment tracking.

.4.3 I nspection Reports

For each inspection conducted, the Contractor shall prepare a report summarizing
the scope of the inspection, nane(s) and qualifications of personnel making the

i nspection, the date(s) of the inspection, major observations relating to the

i npl ementation of the Storm Water Pollution Prevention Plan, maintenance
perfornmed, and actions taken. The report shall be furnished to the Contracting
Oficer within 24 hours of the inspection as a part of the Contractor's daily CQC
REPORT. A copy of the inspection report shall be maintained on the job site.

-- End of Section --

01356A-5
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SECTI ON 02220A

DEMOLI TI ON
05/ 01

PART 1  GENERAL

1.

1.

1  REFERENCES

The publications |isted below forma part of this specification to the extent
referenced. The publications are referred to in the text by basic designation
only.

U S. ARW CORPS OF ENG NEERS ( USACE)

EM 385-1-1 (1996) U.S. Arny Corps of Engineers Safety and
Heal t h Requirenents Manua

.2 GENERAL REQUI REMENTS

The work includes denpblition, salvage of identified itens and materials, and
renoval of resulting rubbish and debris. Rubbish and debris shall be renoved
from Government property daily, unless otherwi se directed, to avoid accunul ation
at the denolition site. In the interest of occupational safety and health, the
work shall be perforned in accordance with EM 385-1-1, Section 23, Denolition

and ot her applicable Sections. 1In the interest of conservation, salvage shall be
pursued to the maxi mum extent possible. A 1.8 neter high chain |link fence around
the site is required

.3  SUBM TTALS

CGovernnent approval is required for subnmittals with a "G' designation; submttals
not having a "G' designation are for information only. Wen used, a designation
following the "G' designation identifies the office that will reviewthe
submttal for the Governnent. The follow ng shall be submitted in accordance
with Section 01330 SUBM TTAL PROCEDURES

SD- 03 Product Data
Wrk Plan; G RE

The procedures proposed for the acconplishnent of the work. The
procedures shall provide for safe conduct of the work, including
procedures and met hods to provi de necessary supports, |ateral bracing and
shoring when required, careful renoval and disposition of naterials
specified to be sal vaged, protection of property which is to remain
undi sturbed, coordination with other work in progress, and tinely
di sconnection of utility services. The procedures shall include a
detail ed description of the nethods and equi pnent to be used for each
operation, and the sequence of operations in accordance with EM 385-1-1

.4 DUST CONTROL

The anobunt of dust resulting fromdenolition shall be controlled to prevent the
spread of dust to occupied portions of the construction site and to avoid
creation of a nuisance in the surrounding area. Use of water will not be
permitted when it will result in, or create, hazardous or objectionable

condi tions such as ice, flooding and pollution.

5 PROTECTI ON
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5.1 Prot ecti on of Personne

During the denolition work the Contractor shall continuously eval uate the
condition of the structure being denolished and take i nmmedi ate action to protect
al | personnel working in and around the denolition site. No area, section, or
conponent of floors, roofs, walls, colums, pilasters, or other structura
element will be allowed to be left standing wthout sufficient bracing, shoring
or lateral support to prevent collapse or failure while workmen renove debris or
performother work in the inmedi ate area

.5.2 Protection of Structures

Structural conponents that are designed and constructed to stand without latera
support or shoring, and are determned to be in stable condition, shall remain
standi ng wi thout additional bracing, shoring, of lateral support until denvolished
unl ess directed otherwi se by the Contracting Oficer. The Contractor shal

ensure that no elements determined to be unstable are |eft unsupported and shal
be responsi ble for placing and securing bracing, shoring, or lateral supports as
may be required as a result of any cutting, renoval, or denolition work perforned
under this contract.

.5.3 Protection of Existing Property

Bef ore begi nning any denolition work, the Contractor shall survey the site and
exam ne the draw ngs and specifications to determ ne the extent of the work. The
Contractor shall take necessary precautions to avoid danage to existing items to
remain in place, to be reused, or to rermain the property of the Governnent; any
danmaged itens shall be repaired or replaced as approved by the Contracting

O ficer. The Contractor shall coordinate the work of this section with all other
wor k and shall construct and maintain shoring, bracing, and supports as required.
The Contractor shall ensure that structural elenents are not overl oaded and
shal | be responsible for increasing structural supports or addi ng new supports as
may be required as a result of any cutting, renoval, or denolition work perforned
under this contract.

.5.4 Protecti on From t he Weat her

Sal vageabl e materi al s and equi pnent shall be protected fromthe weather at al
tines.

.5.5 Protection of Trees

Trees within the project site which mght be damaged during denolition, and which
are indicated to be left in place, shall be protected by a 1.8 mhigh fence. The
fence shall be securely erected a mininumof 1.5 mfromthe trunk of individua
trees or follow the outer perineter of branches or clunps of trees. Any tree
designated to remain that is damaged during the work under this contract shall be
replaced in kind or as approved by the Contracting O ficer.

.5.6 Envi ronnental Protection

The work shall comply with the requirenents of Section 1355

.6 BURNI NG

The use of burning at the project site for the disposal of refuse and debris wll
not be permtted.

.7 USE OF EXPLCSI VES

Use of explosives will not be permitted.
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1.8 AVAILABILITY OF WORK AREAS

Areas in which the work is to be acconplished will be available in accordance
with the foll ow ng schedul e

Area Dat e
BARRACKS / SCB AREA /4 COF NTP-C - See Section 00800, Page 133 of 135
2 COF /| Estes Road NTP-C - See Section 00800, Page 133 of 135
Kitty Drive NTP-C - See Section 00800, Page 133 of 135

PART 2  PRODUCTS (Not Appl i cabl e)
PART 3  EXECUTI ON
3.1  EX STING STRUCTURES

Exi sting structures indicated shall be renoved. Sidewal ks, curbs, gutters and
street |ight bases shall be renoved as indicated

3.2 UTI LI TI ES

Di sconnection of utility services, with related neters and equi pnent, are
specified in Section special clauses. Existing utilities shall be renobved as
indicated. Wen utility lines are encountered that are not indicated on the
drawi ngs, the Contracting O ficer shall be notified prior to further work in that
area. Gas and water service lines shall be capped 25 mmfromthe nain

3.3  ASBESTOS CONTAI NI NG MATERI ALS

I medi ately notify the contracting officer should materials suspected to contain
asbestos be encountered. Contractor is responsible for renoval and disposal of
material. Asbestos shall be renoved in accordance with OSHA 29 CFR 1926.1101 and
Kansas Asbestos Regul ations (KAR) 28-50-1 thru 50-14. See Section 13280A
Asbest os Abatenent for nore information.

3.4 FILLING

Hol es, open basenments and ot her hazardous openings shall be filled in accordance
with Section 02300 as should nmaterials suspected to contain asbestos be
encountered other than as described below. Contractor shall be responsible for
testing and renoval of material. Renpval shall be in accordance with OSHA 29 CFR
1926. 1101 and KAR 28-50-1 thru 50-14.

3.5 DI SPCsI TI ON OF MATERI AL
Title to material and equi pnent to be denolished, except Governnent sal vage and
historical itens, is vested in the Contractor upon receipt of notice to proceed
The Governnment will not be responsible for the condition, |oss or damage to such
property after notice to proceed. The installation has rights of renoval for
reuse and recycling until turnover.
3.5.1 Sal vageabl e Itens and Materi al
Contractor shall salvage itens and material to the nmaxi num extent possible.
3.5.1.1 Mat eri al Sal vaged for the Contractor
Mat eri al sal vaged for the Contractor shall be stored as approved by the
Contracting Officer and shall be renoved from Governnment property before

conpletion of the contract. Material salvaged for the Contractor shall not be
sold on the site.

02220A-3



W012DQ- 04- B- 0004- 0001

3.5.1.2 Itemrs Sal vaged for the Governnment

Sal vaged itens to remain the property of the Governnent shall be renpved in a
manner to prevent damage, and packed or crated to protect the itens from damage
while in storage or during shipnent. Itens danaged during renoval or storage
shall be repaired or replaced to match existing itenms. Containers shall be
properly identified as to contents. The following itens reserved as property of
the Governnment shall be delivered to the areas designated: Flourescent bul bs are
to be druned and freon captured and turned into DRMO, Canp Funston. Transforners
are also to be taken to the DRMO

3.5.1.3 Itemrs Sal vaged for the Using Service
3.5.1. 4 H storical ltens

H storical itens shall be renoved in a manner to prevent damage. The follow ng
historical itens shall be delivered to the Government for disposition: Corner
stones, contents of corner stones, and docunent boxes wherever |ocated on the
site.

3.5.2 Unsal vageabl e Materi a

Concrete, masonry, and other nonconbustible material, except concrete pernmtted
to remain in place, shall be disposed of in the disposal area |ocated at the
construction landfill. After disposal of fill is conpleted, the disposal area
shall be uniformy graded to drain. Conbustible material shall be disposed of
off the site.

3.6 CLEAN UP
Debris and rubbi sh shall be renoved from basement and sim|ar excavations. Debris
shall be renoved and transported in a manner that prevents spillage on streets or
adj acent areas. Local regulations regardi ng hauling and di sposal shall apply.
3.7 PAVEMENTS
Exi sting pavenents designated for renoval shall be saw cut and renpved in
accordance with the details shown on the drawings and to the bottom of the base
materi al .

-- End of Section --
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SECTI ON 02555A

PREFABRI CATED UNDERGROUND HEATI NG COOLI NG DI STRI BUTI ON SYSTEM

PART 1 GENERAL

1.

1 REFERENCES

The publications |isted below forma part of this specification to the extent
referenced. The publications are referred to in the text by basic designation
only.

AMERI CAN SCCI ETY FOR TESTI NG AND MATERI ALS (ASTM
ASTM C 518 (1998) Steady-State Heat Fl ux Measurenments and
Thermal Transm ssion Properties by Means of the

Heat Fl ow Meter Apparatus

ASTM C 591 (1994) Unfaced Preforned Rigid Cellular
Pol yi socyanurate Thernal |nsulation

.2 SYSTEM DESCRI PTI ON

The system consists of a buried prefabricated chilled water distribution system

i ncludi ng service connections to a point 150 nmminside of the building. The
contract draw ngs show the specific arrangenent of piping, sizes and grades of

pi pe, and other details. The systemis designed for an operating pressure of kPa
and an operating tenperature of 6 degrees C for chilled water.

.3 SUBM TTALS

Covernnent approval is required for subnmittals with a "G' designation; submttals
not having a "G' designation are for information only. Wen used, a designation
following the "G' designation identifies the office that will reviewthe
submttal for the Governnent. The follow ng shall be submitted in accordance

wi th Section 01330 SUBM TTAL PROCEDURES:

SD-02 Shop Draw ngs
Distribution System G EC

Detail draw ngs consisting of fabrication and assenbly draw ngs, for
all parts of the work in sufficient detail to check conformity with the
requi renents of the contract docunents, prior to installation. Detail
drawi ngs shall al so contain conplete piping, wiring and schematic
di agrans and any other details to denobnstrate that the system has been
coordinated and will properly function as a unit. Draw ngs shall show
proposed | ayout, method of conpensation for pipe expansion and
contraction, anchorage of equi pnent and appurtenances, and equi prent
relationship to other parts of the work including clearances required for
mai nt enance and operation. The drawi ngs shall clearly identify any
proposed devi ati ons fromthe requirenents of the contract docunents.

SD- 03 Product Data
Provi de product data as foll ows:

Distribution System G EC
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Dat a conposed of catal og cuts, brochures, circulars, specifications and
product data, and printed information in sufficient detail and scope to
verify conpliance with the requirenents of the contract docunents

SD-07 Certificates
Distribution System G RE

The manufacturer's or systemfabricator's witten certification stating
that the distribution systemfurnished neets all the requirenments of
this specification.

Vel di ng;

Prior to wel ding operations, a copy of qualified procedures and a |i st
of nanes and identification synbols of qualified welders and wel di ng
operators

SD- 10 Operati on and Mai ntenance Data
Distribution System G RE

Si x copies of operation and 6 copies of nmaintenance manuals for the
equi pnent furnished, 1 conplete set prior to perfornmance testing and the
remai nder upon acceptance. Operation manuals shall detail the
st ep- by-step procedures required for equi pnent startup, operation, and
shutdown. Qperation manuals shall include the manufacturer's nanme, node
nunber, parts list, and brief description of all equipnment and their
basic operating features. Mintenance manuals shall list routine
mai nt enance procedures, possible breakdowns and repairs, and
troubl eshooti ng gui des. Maintenance manual s shall include piping and
equi pnent |l ayout and sinplified wiring and control diagrams of the
equi pnent systemas installed. Mnuals shall be approved prior to the
field perfornmance testing.

1.4  DELI VERY AND STORAGE
After delivery to the jobsite, all materials and equi pnent shall be protected
from anyt hi ng which could cause damage to the material or equiprment. Pipe shal
be seal ed at each end to keep the interior clean and free of dirt and debris.

Fittings shall be kept together and their interior surfaces shall remain clean.
Insul ation shall be kept dry and cl ean.

1.5 FI ELD MEASUREMENTS
The Contractor shall becone familiar with all details of the work, verify al
dinensions in the field and shall advise the Contracting O ficer of any
di screpancy before perform ng the work.

PART 2  PRODUCTS

2.1  STANDARD PRODUCTS
Syst em conponents shall be standard products of a manufacturer regularly engaged
in the manufacture of the product and shall essentially duplicate itenms that have
been in satisfactory use for at least 2 years prior to bid opening. The system
shal | be supported by a service organization that is, in the opinion of the
Contracting O ficer, reasonably convenient to the site.

2.2  PIPING AND CASI NG MATERI ALS

2.2.1 Cenera
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Al'l underground chilled waterlines, as indicated on the contract draw ngs, shal
be non-corrosive, non-netallic, structurally strong, conpletely water-proof, and
entirely resistant to all ground chemicals nornally encountered in an underground
environment. All section shall be factory fabricated in 12 nmeters lengths, with
pol yet hyl ene di sks provi ded on both ends of each piece. Factory trained field
techni cal assistance shall be provided for the critical period of the
installation; i.e. unloading, field joint instructions and testing. A m nimm of
40 days of field technical assistance is required

.2.2 Pi pi ng

.2.2.1 Pol yet hyl ene Pi pe and Fittings

Pol yet hyl ene pipe shall conformto ASTM D 1248, Type Ill, Cass C, Category 5
Grade P 34. Al service piping shall be manufactured to SDR 11 and shall have a
pressure rating of 1103 kPa.

.2.3 Casi ngs

.2.3.1 Pol yet hyl ene (PE) Casing

Pol yet hyl ene casings shall conformto ASTM D 3350, Type Ill, Cass C Category 3
or 4, Gade P 34 with thickness as foll ows:

Casi ng D aneter M ni mum Thi ckness

(mm (mm

250 and smal l er 3

250 to 450 4

450 to 600 5

over 600 6

.3 PI PI NG CONNECTI ONS
.3.1 Pl astic Pipe

Al joints shall be thermal butt fusion welded. The service pipe and jacket

shal | be sinmultaneously welded so as to maintain the pressure rating of both the
service pipe and jacket. "Sticks and kits" type systens will not be all owed.
"Sleeved" field joint closures will not be allowed. WIld pressures, tenperatures
and time shall be in accordance with the manufacturer's recommendation. The
manuf acturer shall supply all butt fusion welding equipnent. Field joints may be
made either inside the trench or on top of the trench. For joints nade on top

of the trench, the piping may be rolled or dropped in place inside the trench.a
Pi pe, fittings, flanges, and couplings shall have end connections of the adhesive
bel | and spigot type. Threaded piping, including pipe, fittings, flanges, and
couplings, will not be permtted

.3.1.1 Cenera

Plastic fittings shall be nade of the sanme type and grade of material as the
piping to which they will be connected and shall be furnished by the manufacturer
who supplies the pipe. Fittings shall have tenperature and pressure ratings not
| ess than those of the connecting piping.

.4  END SEALS

4.1 Genera

Each preinsul ated section of piping shall have a conplete sealing of the
insulation to provide a pernmanent water and vapor seal at each end of the

preinsul ated section of piping. Preinsulated sections of piping nodified in the
field shall be provided with an end seal which is equivalent to the end seals
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furnished with the preinsul ated section of piping. End seals must be tested and
certified in accordance with paragraph Casing and End Seal Testing and
Certification.

.4.2 Casi ng and End Seal Testing and Certification

Testing and certification procedures by an independent testing |aboratory shal
denonstrate that casings and end seals are capable of resisting penetration of
water into the casing and insulation. The test shall be perfornmed on the type of
prefabricated systemto be furnished. |[|f nore than one type of prefabricated
systemis to be used, then the tests shall be performed on each type. The test
shal | consist of hot and cold cycle testing followed by imersion in a water
filled chanber with a head pressure. The hot and cold cycle testing shal

consi st of 14 days of tenperature cycling. A fluid with a tenperature of 5
degrees C shall circulate through the carrier pipe alternating every 24-hours
with a fluid with a tenperature of 95 degrees C circulating through the carrier
pipe for a |ow tenperature hot water or dual tenperature service or 24 degrees
for a chilled water service. Wile the hot and cold cycle test is being
perfornmed, the test sanple is either buried or encased in dry bedding sand with a
m ni mum of 300 mm of sand all around the test sanple. The carrier pipe size of
the test sanple shall be 80 mmin dianmeter and shall be restrained during the
test period. The insulation thickness shall not exceed the maxi numthickness
provided for the piping in the project. Transition time for tenperature cycle
testing shall not exceed 15 mnutes in going fromcold to hot and 30 nminutes in
going fromhot to cold. The fluid in the carrier pipe may be water, oil or heat
transfer fluid. Follow ng the hot and cold cycling test, the test sanple shal
be imrersed in a water filled chanber. The pressure on the highest point of the
test sanple shall not be |l ess than 60 kPa subjected over the entire | ength of
the 2.4 mtest sanple of prefabricated pipe. The water shall contain a dye
penetrant, which will be used to check for end seal |eakage. The pressure in the
chanmber must be held for not |ess than 48 hours. Upon conpletion of this
pressure test, the test sanple shall be cut open. Wth the use of a light that
will readily show the presence of the dye that was in the water, the test sanple
shal | be inspected. Evidence of the dye inside the test sanple shall indicate
that the end seal is not acceptable and cannot be certified. A pipe nmanufacturer
who has a current Federal Letter of Acceptability for a system furni shed under
this section will be exent fromthe testing specified in this paragraph

.5 | NSULATI ON

.5.1 Factory Applied Insulation

Pref abricated pipe and fittings shall be insulated in the factory. Foam
insulation for prefabricated insulated pipe and fittings shall be pol yurethane
foam neeting the requirenents of ASTM C 591 having a density not |ess than 32 kg
per cubic neter. The pol yurethane foam shall conpletely fill the annul ar space
between the carrier pipe and the casing. Insulation thickness shall be a m ni num
of 20 mm The insulation thermal conductivity factor shall not exceed the
nunerical value of 0.02 WnK at 24 degrees C, when tested in accordance with ASTM
C 518. Manufacturer shall certify that the insulated pipe is free of insulation
voi ds.

.5.2 Field Applied Insulation

Field applied insulation for fittings, and field casing closures, if required
and ot her piping system accessories shall be pol yurethane nmatching the pipe

i nsul ation. Thickness shall match adjacent piping insulation thickness. Buried
fittings and accessories shall have field applied pol yurethane insulation to

mat ch adj acent piping and shall be protected with a covering matching the pipe
casing. Shrink sleeves with a mininumthickness of 1.3 mmshall be provi ded over
casi ng connection joints.

6 GATE VALVES
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CGate Val ves shall be designed for a working pressure of not |less than 1.03 Mra.
Val ve connections shall be as required for the piping systemin which they are
installed. Valves shall have a clear waterway equal to the full nom nal dianmeter
of the valve, and shall be opened by turning countercl ockw se. The operating nut
or wheel shall have an arrow, cast in nmetal, indicating direction of opening

a. Valves 80 mmand | arger shall be iron body, bronzed nounted, and shal
conformto AWM C500. Flanges shall not be buried. An approved val ve pit
of box shall be provided for all flanged connecti ons.

.7  VACUUM AND Al R RELI EF VALVES

Vacuum and air relief valves shall be of the size shown and shall be of a type
that will release air and prevent the formation of a vacuum The val ves shal
automatically release air when the lines are being filled with water and shal
admt air into the lines wen water is being withdrawn in excess of the inflow.
Val ves shall be iron body with brass trimand stainless steel float.

.8  VALVE BOXES

Val ve boxes shall cast iron or concrete except that concrete boxes may be
installed in locations not subject to vehicular traffic. Cast-iron boxes shall be
extension type with slide-type adjustnment and with flared base. The m ni num

t hi ckness of the netal shall be 5 nm Concrete boxes shall be the standard
product of a manufacturer of precast concrete equi pnent. The words "CHI LLED
WATER"' shall be cast in the cover. The box I ength shall adapt, w thout ful
extention, to the depth of cover required over the pipe at the valve location

PART 3 EXECUTI ON

3.

3.

1 | NSTALLATI ON

For all preinsulated, prefabricated systens, the Contractor shall obtain the
services of a trained representative of the pipe system manufacturer to instruct
the Contractor's work forces in the installation procedures to ensure that the
systemis installed in accordance with the manufacturer's published instructions
and the plans and specifications. The nmanufacturer's representative shall be a
person who regularly perforns such duties for the manufacturer. The Contractor
shall furnish the Contracting Oficer a |ist of nanes of personnel trained and
certified by the pipe systemmanufacturer in the installation of this system
Only personnel whose nanmes appear on the list will be allowed to install the
system The list shall not be nore than 1 year old

.2 Pl PI NG SYSTEMS

.2.1 Buried Insul ated Systens

Buried insul ated systens shall consist of carrier pipe, insulation, casing, end
seals, fittings and accessories as specified

.3 SETTI NG OF VALVES AND VALVE BOXES

After delivery, valves shall be drained to prevent freezing and shall have the
interiors cleaned of all foreign matter before installation. Stuffing boxes shal
be tightened and val ves shall be fully opened and fully closed to ensure that

all parts are in working condition. Vacuumrelief valves shall be installed in
concrete val ve manhol es. Val ves and val ve boxes shall be installed where shown or
specified, and shall be set plunb. Valve boxes shall be centered on the val ves.
Boxes shall be installed over each outside gate val ve unl ess otherw se shown.
Earth shall be carefully tanped around each valve box to a distance of 1.2 m

4  THRUST BLOCKS
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Thrust bl ocks shall be installed at the | ocations shown or recommended by the
pi pe system manufacturer. Thrust bl ocks may not be required on all systens, and
the need for thrust bl ocks shall be as recommended by the system manufacturer
Thrust bl ocks, if necessary, shall be installed at all changes in direction
changes in size, valves and termnal ends, such as plugs, caps and tees. Thrust
bl ocks shall be concrete having a conpressive strength of not |ess than 14 MPa
after 28 days and shall be in accordance with Secti on 03300CAST-| N- PLACE
STRUCTURAL CONCRETE. Thrust bl ocks shall be placed between solid ground and the
fitting to be anchored. Unless otherw se indicated or directed, the base and the
thrust bearing sides of the thrust blocks shall be poured directly against

undi sturbed earth. The sides of the thrust blocks not subject to thrust may be
poured against forns. Thrust bl ocks shall be placed so that the joints for al
fittings will be accessible for repair wherever possible. No pipe joint shall be
enbedded in concrete unless the assenbly has previously been hydrostatically
tested. The thrust bl ocks shall provide for transfer of thrusts and reactions

wi t hout exceeding the all owabl e stress of the concrete and shall be installed in
accordance with pipe manufacturer's instructions. In nuck or peat, all thrusts
shall be resisted by piles or tie rods to solid foundations or by renoval of peat
or muck which shall be replaced with ballast of sufficient stability to resist

t hrusts.

.5 | NSTALLATI ON OF PI PI NG SYSTEMS

The pi ping system furni shed shall be installed in accordance with the piping
system manufacturer's instructions. Piping shall be installed w thout springing
or forcing other than what has been cal culated for cold spring. Pipe ends shal
have burrs renmoved by ream ng and shall be installed to pernmt free expansion and
contraction without damage to joints or hangers. Nonnetallic pipe cut in the
field shall be machined to fit couplings or joints and shall be coated or treated
to match standard factory coated ends. Connections between different types of
pi pe and accessories shall be made with transition fittings approved by the

manuf acturer of the piping system

.5.1 Pitching of Horizontal Piping

Hori zontal piping shall be pitched at a grade of not less than 40 mMmmin 1 m
toward the drain points unless otherw se indicated

.5.2 Open Ends

Open ends of pipelines and equi pnent shall be properly capped or plugged during
installation to keep dirt and other foreign matter out of the system

.5.3 Cutting Prefabricated Piping Sections

Where prefabricated pipe sections are field cut, new end seals sinmlar to the
factory applied end seal shall be provided and installed in accordance with the
manuf acturer's instructions.

.5.4 Joints

.5.4.1 Nonnetal lic Pipe Joints

Nonnetal lic pipe joints shall be installed in accordance with the witten
i nstructions of the manufacturer.

.5.5 Anchors
Anchor design shall be in accordance with the published data of the nanufacturer
and for prefabricated systems shall be factory fabricated by the prefabricated

system manufacturer. In all cases, the design shall be such that water
penetrati on, condensation, or vapor transnmission will not wet the insulation.
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5.6 Fi el d Casing O osures

Field insulation and encasenent of joints shall be acconplished after the visua
and pressure tests specified are conpleted. Field insulation and encasenent

shall be in accordance with the manufacturer's witten instructions. Thickness
di nensions of the insulation and casing materials shall not be | ess than those of
the adj oining prefabricated section. Insulating material shall be foaned in place
pol yuret hane. Care should be taken to ensure that field closures are nade under
condi tions of tenperature and cleanliness required to produce a sound, continuous
vapor barrier. A standard pol yethyl ene heat shrink sleeve shall be installed
over the casing and shall have a 150 nm mi ni mum overl ap at each end

.5.7 Under ground Warni ng Tape

Under ground war ni ng tape shall be buried above the piping during the trench
backfilling and shall be buried approxi mately 300 mm deep. Tape shall be
specified in secion 02316 EXCAVTI ON, TRENCH NG, AND BACKFI LLI NG FOR UTI LI TI ES
SYSTEMS

.6 EARTHWORK

Eart hwork shall be performed in accordance with Section 02316A EXCAVATI ON
TRENCHI NG AND BACKFI LLI NG FOR UTI LI TI ES SYSTEMS

.7 ELECTRI CAL WORK

El ectrical work shall be performed in accordance with either Section 16375A
ELECTRI CAL DI STRI BUTI ON SYSTEM UNDERGROUND or Section 16370A ELECTRI CAL
DI STRI BUTI ON SYSTEM AERI AL

.8 TESTI NG

Tests shall be conducted before, during, and after installation of the system

Al'l instruments, equipnment, facilities, and | abor required to properly conduct
the tests shall be provided by the Contractor. Test pressure gauges for a
specific test shall have dials indicating not less than 1-1/2 times nor nore than
2 times the test pressure. It shall be the Contractor's responsibility to nmake
the pi pe system workabl e at his expense.

.8.1 Carrier Pipe deaning and Testing

Di stribution piping shall be tested as required before backfilling and with al
joints exposed. The area between joints may be backfilled as necessary to
prevent pipe novenent.

.8.1.1 Cleaning Carrier Pipe

Prior to testing, the interior of the carrier pipe shall be cleaned of foreign
materi al s by thorough flushing with clean water. Witer shall be circulated at a
velocity between 2 and 3 mis for a minimumof 4 hours. |If required, tenporary
and/ or suppl enentary punps shall be provided to ensure that required velocity is
achi eved. Systemstrainers shall be cleaned after the flushing operation is
conplete. Tenporary strainers shall be installed as required. After flushing
the water shall remain in the piping systemfor testing of the system Al air
shall be renoved fromthe systemprior to starting the tests.

.8.1.2 Hydrostatic Pressure Cycling and Tests

Hydrostatic pressure cycling shall have 4 cycles. Each cycle shall consist of a
10 minute period at 1000 kPa followed by a 5 mnute period at a pressure |ess
than 350 kPa. The next cycle shall begin inmmediately follow ng the conpletion of
the previous cycle. Pressure rise and drop shall not exceed 690 kPa per mnute
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The pressure gauge shall be located and the pressure neasured at the opposite end
of the systemfromwhere the pressure is applied. After conpletion of the
hydrostatic pressure cycling, the first hydrostatic pressure test shall be
perfornmed. During the first hydrostatic pressure test, the systemshall be
proven tight at a pressure of 1-1/2 times the working pressure up to 1000 kPa
This pressure shall be held for a mininmumof 1 hour. The nethod of pressurizing
the system shall be di sconnected fromthe systembefore starting the 1 hour
pressure holding period. |If the pressure cannot be held for the specified | ength
of tine, the cause of pressure |oss shall be determ ned, corrected and the
hydrostatic pressure cycling and first hydrostatic pressure test shall be
repeated until the systemcan hold the required pressure for at |east 1 hour.
After successful conpletion of the first hydrostatic pressure test, the water
shal | be drained out of the piping systemand the piping systemfilled with
treated water as defined in paragraph TREATED WATER for the remaining tests and
for permanent operation of the system The hydrostatic pressure cycling and
tests shall be repeated after the systemhas been filled with treated water

using the sanme test conditions and criteria.

.8.1.3 Qper ati onal Test

Qperational test shall be perforned on the conplete systemor testable portions
thereof. The test shall be conducted with full design flows and operating
tenmperatures in all runs of piping as if in service, to denobnstrate satisfactory
function and operating effectiveness. The operational test will have two cycles.
Each cycl e shall consist of a 6-hour period with treated water in the system at
t he maxi mum operating tenperature of 12 degrees C and nmaxi mumflow rate, and a
period of at least 6-hours with no flow. The Contractor shall supply temporary
punps, piping connections, boilers, chillers and the gauges required to circul ate
the water at the desired tenperatures and flow rates. Water shall be circul ated
t hrough supply lines and returned through the return piping to denonstrate that
the pressure drop is conpatible with the flow rate and size of pipe and to show
that obstructions do not exist in the piping system Any unusual indicated
pressure drop will be investigated and any obstructions renoved. Any |eaks found
shall be repaired. After any obstructions have been renoved and any | eaks
repai red, the operational test shall be repeated until successfully passed

.8.1. 4 Fi nal Hydrostatic Test

After successful conpletion of the operational test, the systemshall be
pressurized to 1-1/2 times the working pressure up to 1000 kPa. This pressure
shall be held for a mninmumof 4 hours. Means of pressurizing shall be

di sconnected prior to the start of the 4-hour pressure holding period. |If the
pressure cannot be held for the specified length of time, the cause of the
pressure | oss shall be determined, corrected, and all of the hydrostatic pressure
cycling and tests repeated.

-- End of Section --
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SECTI ON 07311A

ROOFI NG STRI P SHI NGLES
08/ 98

PART 1  GENERAL

1.

1 REFERENCES

The publications |isted below forma part of this specification to the extent
referenced. The publications are referred to in the text by basic designation
only.

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

ASTM D 225 (2000) Asphalt Shingles (Organic Felt) Surfaced
with Mneral Ganules

ASTM D 226 (1997a) Asphalt-Saturated Organic Felt Used in
Roof i ng and Wat er proofi ng

ASTM D 1970 (2000) sSel f-Adhering Polyner Mdified Bitum nous
Sheet Materials Used as Steep Roofing
Under| aynent for |Ice Dam Protection

ASTM D 3018 (1990; R 1994el) dass A Asphalt Shingles
Surfaced Wth M neral G anul es

ASTM D 3161 (1999a) W nd- Resi stance of Asphalt Shingles
(Fan- 1 nduced Met hod)

ASTM D 3462 (1999) Asphalt Shingles Made From G ass Felt and
Surfaced with M neral G anul es

ASTM D 4869 (1988; R 1993el) Asphalt-Saturated Organic Felt
Shi ngl e Underl ayment Used in Roofing

ASTM E 108 (1999) Fire Tests of Roof Coverings
NATI ONAL ROCFI NG CONTRACTORS ASSCCI ATI ON ( NRCA)

NRCA Shi ngl e Manual (1996) Asphalt Shingle Roofing Manual

.2 SUBM TTALS

Covernnent approval is required for subnmittals with a "G' designation; submttals
not having a "G' designation are for information only. Wen used, a designation
following the "G' designation identifies the office that will reviewthe
submttal for the Governnent. The follow ng shall be submitted in accordance

w th Section 01330 SUBM TTAL PROCEDURES:

SD- 03 Product Data
Application of Roofing Materials; G RE
Manuf acturer's catal og data, description of underlaynment, shingles,
fasteners, ridge vents, and flashing. Manufacturer's instructions,
annot at ed or supplenented by the Contractor to indicate configuration and

met hod for installing the materials, and for waterproofing of joints
where flashings change direction. The nunber, spacing and orientation of
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fasteners shall be specified.
SD- 04 Sanpl es
Shingles; G RE

Full shingle sanple and manufacturer's standard size sanpl es of
materials and products requiring color or finish selection.

1.3 DELI VERY AND STORAGE OF MATERI ALS
Materials shall be delivered in manufacturer's unopened bundl es and contai ners
with the manufacturer's brand and name narked clearly thereon. Shingles shall be
stored in accordance with manufacturer's printed instructions. Roll goods shal
be stored on end in an upright position or in accordance with manufacturer's
recommendations. |Immrediately before laying, roofing felt shall be stored for 24
hours in an area maintained at a tenperature not | ower than 10 degrees C

1.4  \WARRANTY

Manuf acturer's standard perfornmance guarantees or warranties that extend beyond a
1 year period shall be provided.

PART 2  PRODUCTS
2.1 MATERI ALS

Materials shall conformto the follow ng requirenents
2.1.1 Metal Drip Edges

Metal drip edges shall be m ni num 26 gauge gal vani zed steel or an equival ent
non-corrosive non-staining material, as shown.

2.1.2 Under | aynent

Organic felt; ASTM D 4869 or ASTM D 226, non perforated Type |1, heavy-duty
nunmber 30.

2.1.3 Leak Barrier Underl aynment

Sel f-adhering | eak barrier or ice damunderlaynment shall conmply with ASTM D 1970
for sealability around nails.

2.1.4 Ventilators

2.1.4.1 Alumnum R dge Vents
Ri dge vents shall be constructed of prefinished alumnumin mninum3 m |ong
sections and shall be approximately 0.30 m w de. Vents shall be designed to
prevent infiltration of insects, rain, and snow.

2.1.4.2 Nai | abl e Pl astic Shingle Over Type Ri dge Vents
Ri dge vents shall be constructed of UV stabilized nailable rigid polypropyl ene
material, approximately 0.30 m wide and 25 mm thick, and shall be in 1.2 m
long interlocking sections with self-aligning ends or corrugated pol yethyl ene
rigidroll or rigid strip ridge vent with alum num wi nd defl ectors on each side.
Vents shall be designed to prevent infiltration of insects, rain, and snow.

2.1.4.3 Nai | abl e Mesh Shingle Over Type R dge Vents

Ri dge vents shall be constructed of UV stabilized nail abl e pol yester nesh
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material, approximately 0.30 m wide. Vents shall be designed to prevent
infiltration of insects, rain, and snow.

2.1.5 Nai | s

Nai | s shall be round head 11 or 12 gauge gal vani zed steel or equival ent corrosion
resistant roofing nails. Nail heads shall be 9.5 mm mininmumdianmeter, with flat
and snooth |l ow profile. Shanks shall be barbed or otherw se deforned for added
pul I -out resistance. Nails shall be Iong enough to penetrate all |ayers of
roofing materials and achi eve secure anchorage into the roof deck. Nails shal
extend through the underside of plywood or wood panel roof decks, and shal
penetrate at least 19 mm into wood plank decks.

2.1.6 Shi ngl es

Shingl es shall be approximately 333 by 1000 mm in dinmension and architectura
design. Starter Strip is required for enhanced 110 MPH limted wind warranty for
shingles. Shingles shall be manufacturer's standard type for project area

d ass felt shingles shall conply with ASTM D 3018 Type | - Sel f-Sealing; UL
Certification of ASTM D 3462, ASTM D 3161 dass "F" (110-nph)/UL997 Wnd

Resi stance, and UL Cass A Fire Resistance, and shall weigh not |ess than 16 kg
Shingl es shall have 50-year limted product warranty at 110 MPH (6 nails only
with starter strip)] maxi mumw nd velocity; including hip and ridge shingles used
in conjunction with shingles. Contractor's option for inverted strip shingle is
not allowed for enhanced 110 MPH linmted wind warranty. Shingles shall be
installed on the follow ng buildings: Barracks and Sol di er Comunity Buil di ng

2.1.7 |l ce and Water Barrier

Speci al roofing nmenbrances shall be a sel f-adhering, self-sealing product such as
"W nterGuard" manufactured by CertainTeed Corps., "lce and Water Shield"
manuf act ured by Grace Construction Products, or "Wather Watch Ice and Water
Barrier" manufactured by GAF Building Materials Corps. They shall be conform ng
to ASTM D 146 and ASTM D 412 (conposite of pol yethylene filmand rubberized
asphalt) or ASTM D 1970 (pol ymer nodified bitum nous sheet materials).

2.2 COCR
Shingle color shall be in accordance with EXTRI OR FI Nl SH AND COLOR SCHEDULE

PART 3  EXECUTI ON

3.1 PREPARATI ON OF SURFACES
The construction of any bay or section of roof decking shall be conpleted before
roofing work is started. Roof surfaces shall be snmooth, firm dry, and free from
| oose boards, |arge cracks, and projecting ends that m ght damage the roofing
Vents and ot her projections through roofs shall be properly flashed and secured
in position, and projecting nails shall be driven flush with the deck

3.2  APPLI CATI ON OF ROOFI NG MATERI ALS

3.2.1 Fl ashi ngs
Metal flashings shall conformto Section 07600 SHEET METALWORK, GENERAL. Meta
flashings shall be provided at the intersections of roofs and adjoining walls and
at projections through the deck such as chimeys and vent stacks. Valley
flashing shall be of the open, in accordance with NRCA Shingl e Manual

3.2.2 Metal Drip Edges

Metal drip edges shall be provided along the eaves and rakes. The netal drip
edge shall be applied directly over the underlaynment along the rakes and directly

07311A-3



W012DQ- 04- B- 0004- 0001

on the wood deck at the eaves. Metal drip edges shall extend back fromthe edge
of the deck not less than 75 mm and shall be secured with conpatible nails
spaced not nore than 250 nm on center along the inner edge.

.2.3 Under | aynent

Bef ore any shingles are applied, a single |ayer of asphalt-saturated-felt
under | ayment shall be applied to the roof deck sheathing. A ice and water
barrier underlayment shall be applied at the followi ng |ocations: Starting fron
the eaves to a point 600mminside the interior wall line ; starting fromthe
gabl e roof ridges to a point 1200mm i nward; 600nm dwon on both sides fromthe
roof ridge; 600mm up on both sides fromthe valleys. Roof surfaces to receive ice
and water barrier menbrance shall be prepared in accordance with manufacturer's
instructions prior to application of the nenbrance. Menbrance shall be applied
directly to the roof deck (plywood) at |ocations indicated by the specs and on
the drawi ngs. Installation procedures shall follow manufacturer's printed

i nstructions.

.2.4 Ri dge Vents

Ri dge vents shall be provided along the ridge |ines where shown. Ridge vents
shall be installed in accordance with the manufacturer's printed instructions.

.2.5 Shi ngl es

Shingles with the correct recommrended exposure shall be applied in accordance
with the manufacturer's printed instructions as they appear on the bundl e

wr appi ng. Roof shingles shall be resistant to bl owoff due to wind velocities,
i ncluding gusts, provided that the shingles shall be installed using six (6)
fasteners, in the conmon bond area, per shingle

-- End of Section --
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SECTI ON 13851A

FI RE DETECTI ON AND ALARM SYSTEM ADDRESSABLE
02/ 02

PART 1 GENERAL

1.

1  REFERENCES
The publications |isted below forma part of this specification to the extent
referenced. The publications are referred to in the text by basic designation
only.

AMERI CAN NATI ONAL STANDARDS | NSTI TUTE ( ANSI)

ANS| S3.41 (1990; R 1996) Audi bl e Enmergency Evacuation
Si gnal

| NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENG NEERS (| EEE)

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

NATI ONAL FI RE PROTECTI ON ASSCCI ATI ON ( NFPA)

NFPA 1221 (1999) Installation, Mintenance and Use of
Public Fire Service Comunication Systens

NFPA 70 (1999) National Electrical Code

NFPA 72 (1999) National Fire Al arm Code

NFPA 90A (1999) Installation of Air Conditioning and

Ventil ating Systens
U S. NATI ONAL ARCH VES AND RECORDS ADM NI STRATI ON ( NARA)
47 CFR 15 Radi o Frequency Devi ces

UNDERWRI TERS LABORATCORI ES (UL)

UL 1242 (1996; Rev Mar 1998) Internmediate Metal Conduit

UL 1971 (1995; Rev thru Apr 1999) Signaling Devices for
the Hearing | npaired

UL 268 (1996; Rev thru Jan 1999) Snoke Detectors for
Fire Protective Signaling Systens

UL 268A (1998) Snoke Detectors for Duct Application

UL 38 (1999) Manual |y Actuated Signaling Boxes for Use
with Fire-Protective Signaling Systens

UL 464 (1996; Rev thru May 1999) Audi bl e Signal
Appl i ances

UL 521 (1999) Heat Detectors for Fire Protective

Si gnal i ng Systens

UL 6 (1997) Rigid Metal Conduit
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uL 797 (1993; Rev thru Mar 1997) Electrical Mtallic
Tubi ng
UL 864 (1996; Rev thru Mar 1999) Control Units for Fire

Protective Signaling Systens
.2 SUBM TTALS

Covernnent approval is required for subnmittals with a "G' designation; submttals
not having a "G' designation are for information only. Wen used, a designation
following the "G' designation identifies the office that will reviewthe
submttal for the Governnent. The follow ng shall be submitted in accordance

w th Section 01330 SUBM TTAL PROCEDURES:

SD-02 Shop Draw ngs
Fire Alarm Reporting System G RE

Detail draw ngs, prepared and signed by a Registered Professional
Engi neer consisting of a conplete |ist of equipnment and nmaterial,
i ncludi ng manufacturer's descriptive and technical literature, catal og
cuts, and installation instructions. Note that the contract draw ngs
show | ayouts based on typical detectors. The Contractor shall check the
| ayout based on the actual detectors to be installed and nmake any
necessary revisions in the detail drawi ngs. The detail draw ngs shall
al so contain conplete wiring and schematic diagrans for the equi pnent
furni shed, equi pnent |ayout, and any other details required to
denonstrate that the system has been coordinated and will properly
function as a unit. Detailed point-to-point wring diagramshall be
prepared and signed by a Regi stered Professional Engineer show ng points
of connection. Diagramshall include connections between system devi ces,
appl i ances, control panels, supervised devices, and equipnent that is
activated or controlled by the panel.

SD- 03 Product Data
Storage Batteries; G DF.

Substantiating battery cal cul ati ons for supervisory and al arm power
requi renents. Anpere-hour requirements for each system conponent and
each panel conponent, and the battery rechargi ng period shall be included.
Vol tage Drop; G DF.

Vol tage drop cal culations for notification appliance circuits to
i ndicate that sufficient voltage is available for proper appliance
oper ati on.

Special Tools and Spare Parts; G RE

Spare parts data for each different itemof material and equi pnent
specified, not later than 3 nonths prior to the date of benefici al
occupancy. Data shall include a conplete list of parts and supplies with
the current unit prices and source of supply and a list of the parts
recommended by the manufacturer to be replaced after 1 year of service.
Technical Data and Computer Software; G DF.

Technical data which relates to conputer software.

Training; G RE
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Lesson plans, operating instructions, naintenance procedures, and
training data, furnished in manual format, for the training courses. The
operations training shall famliarize designated governnment personnel
with proper operation of the fire alarmsystem The nai ntenance training
course shall provide the designated governnent personnel adequate
knowl edge required to di agnose, repair, maintain, and expand functions
i nherent to the system

Testing; G RE

Detail ed test procedures, prepared and signed by a Registered
Prof essional Engineer for the fire detection and al arm system 60 days
prior to perform ng systemtests.

SD- 06 Test Reports
Testing;, G RE

Test reports, in booklet form showing field tests perforned to prove
conpliance with the specified performance criteria, upon conpletion and
testing of the installed system Each test report shall docunent
readi ngs, test results and indicate the final position of controls. The
Contractor shall include the NFPA 72 Certificate of Conpletion and NFPA 72

I nspection and Testing Form with the appropriate test reports.

SD-07 Certificates
Equi pmrent; G RE

Certified copies of current approvals or listings issued by an
i ndependent test lab if not listed by UL, FMor other nationally
recogni zed testing | aboratory, showi ng conpliance with specified NFPA
st andar ds.

Qualifications; G RE

Proof of qualifications for required personnel. The installer shal
subm t proof of experience for the Professional Engineer, fire alarm
technician, and the installing conpany.

SD- 10 Operation and Mi ntenance Data
Techni cal Data and Conputer Software.

Si x copi es of operating manual outlining step-by-step procedures
required for systemstartup, operation, and shutdown. The manual shal
i nclude the manufacturer's nane, nodel nunber, service manual, parts
list, and conplete description of equipnment and their basic operating
features. Six copies of mmintenance rmanual |isting routine maintenance
procedures, possible breakdowns and repairs, and troubl eshooting guide.
The manual s shall include conduit |ayout, equipnment |ayout and sinplified
wiring, and control diagrams of the systemas installed. The manuals
shal | include conplete procedures for systemrevision and expansi on
detailing both equi pnent and software requirenments. Oiginal and backup
copies of all software delivered for this project shall be provided, on
each type of nedia utilized. Manuals shall be approved prior to training

1.3 GENERAL REQUI REMENTS
1.3.1 St andard Products

Mat eri al and equi pnent shall be the standard products of a manufacturer regularly
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engaged in the manufacture of the products for at |least 2 years prior to bid
openi ng. Equi prent shall be supported by a service organization that can provide
service within 24 hours of notification.

.3.2 Narepl at es

Maj or conponents of equi pment shall have the nanufacturer's nanme, address, type
or style, voltage and current rating, and catal og nunber on a noncorrosive and
nonheat -sensitive plate which is securely attached to the equi pnent.

.3.3 Keys and Locks

Locks shall be keyed alike. Four keys for the systemshall be provided

.3.4 Tags

Tags with stanped identification nunber shall be furnished for keys and | ocks.
.3.5 Verification of Dimensions

After becoming famliar with details of the work, the Contractor shall verify
dinensions in the field and shall advise the Contracting O ficer of any

di screpancy before perform ng the work.

.3.6 Conpl i ance

The fire detection and al arm system and the central reporting systemshall be
configured in accordance with NFPA 72; exceptions are acceptable as directed by
the Contracting O ficer. The equi pnent furnished shall be conpatible and be UL
|isted, FM approved, or approved or listed by a nationally recogni zed testing

| aboratory in accordance with the applicabl e NFPA standards.

.3.7 Qualifications

.3.7.1 Engi neer and Techni ci an

a. Registered Professional Engineer with verification of experience and at
| east 4 years of current experience in the design of the fire protection and
det ection systens.

b. National Institute for Certification in Engineering Technol ogi es (N CET)
qualifications as an engineering technician in fire alarmsystens programw th
verification of experience and current N CET certificate.

c. The Registered Professional Engineer may performall required itens
under this specification. The NICET Fire A arm Technician shall performonly the
itens allowed by the specific category of certification held.

.3.7.2 Installer
The installing Contractor shall provide the following: NCET Fire Alarm

Technicians to performthe installation of the system A N CET Level 4 Fire
Al arm Techni ci an shall supervise the installation of the fire alarm system

NI CET Level 2 or higher Fire Alarm Technician shall install and termnate fire
al arm devi ces, cabinets and panels. An electrician or NICET Level 1 Fire Alarm
Technician shall install conduit for the fire alarmsystem The Fire Al arm

technicians installing the equi pment shall be factory trained in the
installation, adjustment, testing, and operation of the equipnent specified
herei n and on the draw ngs.

.3.7.3 Desi gn Servi ces

Installations requiring designs or nodifications of fire detection, fire alarm
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or fire suppression systens shall require the services and review of a qualified
fire protection engineer. For the purposes of neeting this requirement, a
qualified fire protection engineer is defined as an individual nmeeting one of the
foll owi ng conditions:

a. An engineer having a Bachel or of Science or Masters of Science Degree in
Fire Protection Engineering froman accredited university engineering
program plus a mnimmof 2 years' work experience in fire protection
engi neeri ng.

b. A registered professional engineer (P.E.) in fire protection engineering.

c. Aregistered PEin a related engineering discipline and nenber grade
status in the National Society of Fire Protection Engi neers.

d. An engineer with a mnimm of 10 years' experience in fire protection
engi neering and nenber grade status in the National Society of Fire
Protection Engi neers.

1.4  SYSTEM DESI GN
1.4.1 Operation

The fire alarmand detecti on systemshall be a conplete, supervised fire alarm
reporting system The systemshall be activated into the alarm node by actuation
of any alarminitiating device. The systemshall remain in the al arm npbde unti
the initiating device is reset and the fire alarmcontrol panel is reset and
restored to normal. Alarminitiating devices shall be connected Style D, to
signal line circuits (SLC), Style , in accordance with NFPA 72. Alarm
notification appliances shall be connected to notification appliance circuits
(NAC), Style Z in accordance with NFPA 72. A |ooped conduit system shall be
provided so that if the conduit and all conductors within are severed at any
point, all I1DC, NAC and SLC will rermain functional. The conduit |oop requirenent
is not applicable to the signal transmission link fromthe |ocal panels (at the
protected prem ses) to the Supervising Station (fire station, fire alarmcentra
conmuni cation center). Textual, audible, and visual appliances and systens shal
conply with NFPA 72. Fire al arm system conponents requiring power, except for
the control panel power supply, shall operate on 24 Volts dc. Addressable system
shal | be m croconputer (m croprocessor or mcrocontroller) based with a m ni num
word size of eight bits and shall provide the follow ng features:

a. Sufficient menory to performas specified and as shown for addressable
system

b. Individual identity of each addressabl e device for the follow ng
conditions: alarm trouble; open; short; and appliances mssing/failed
renote detector - sensitivity adjustnent fromthe panel for snoke
detectors

c. Capability of each addressabl e device being individually disabled or
enabl ed fromthe panel

d. Each SLC shall be sized to provide 40 percent addressabl e expansi on
wi t hout hardware nodifications to the panel

1.4.2 Qper ational Features
The system shall have the foll ow ng operating features:

a. Monitor electrical supervision of SLC, and NAC. Snoke detectors shal
have conbined alarminitiating and power circuits.

b. Monitor electrical supervision of the primary power (ac) supply, battery
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vol tage, placenment of alarm zone nodule (card, PC board) within the
control panel, and transmitter tripping circuit integrity.

A troubl e buzzer and trouble LED LCD (light emtting diode/liquid crysta
diode) to activate upon a single break, open, or ground fault condition
whi ch prevents the required nornal operation of the system The trouble
signal shall also operate upon |oss of primary power (ac) supply, |ow
battery voltage, renoval of alarm zone nodule (card, PC board), and

di sconnection of the circuit used for transmtting alarmsignals

of f-premises. A trouble alarmsilence switch shall be provided which
will silence the trouble buzzer, but will not extinguish the trouble

i ndi cator LED/LCD. Subsequent trouble and supervisory alarns shall sound
the trouble signal until silenced. After the systemreturns to nornma
operating conditions, the trouble buzzer shall again sound until the
silencing switch returns to normal position, unless automatic trouble
reset is provided.

A one person test node. Activating an initiating device in this node
will activate an alarmfor a short period of time, then automatically
reset the alarm without activating the transmtter during the entire
process.

A transmitter disconnect switch to allow testing and nmai ntenance of the
systemw thout activating the transmitter but providing a trouble signa
when di sconnected and a restoration signal when reconnect ed.

Evacuation al arm silencing swi tch which, when activated, will silence
al arm devices, but will not affect the zone indicating LED LCD nor the
operation of the transmitter. This switch shall be over-ridden upon
activation of a subsequent alarmfrom an unal arned device and the NAC
devices will be activated

El ectrical supervision for circuits used for supervisory signal services
(i.e., sprinkler systens, valves, etc.). Supervision shall detect any
open, short, or ground.

Confirmation or verification of all snoke detectors. The control panel
shall interrupt the transm ssion of an alarmsignal to the system
control panel for a factory preset period. This interruption period
shall be adjustable from1l to 60 seconds and be factory set at 20

seconds. Immediately following the interruption period, a confirmation
period shall be in effect during which time an alarmsignal, if present,
will be sent imediately to the control panel. Fire alarmdevices other

than snoke detectors shall be progranmmred without confirmation or
verification.

The fire alarmcontrol panel shall provide supervi sed addressabl e rel ays
for HVAC shutdown. An override at the HVAC panel shall not be provided

Provi de one person test nobde - Activating an initiating device in this
mode will activate an alarmfor a short period of time, then
automatically reset the alarm without activating the transmtter during
the entire process.

The fire alarmcontrol panel shall provide the required nmonitoring and
supervi sed control outputs needed to acconplish elevator recall

The fire alarmcontrol panel shall nonitor the fire sprinkler system or
other fire protection extinguishing system

The control panel and field panels shall be software reprogranmble to

enabl e expansion or nodification of the systemw thout replacenent of
hardware or firmmvare. Exanples of required changes are: adding or
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del eting devices or zones; changing systemresponses to particul ar input
signals; programming certain input signals to activate auxiliary devices.

4.3 Al ar m Functi ons

An alarmcondition on a circuit shall automatically initiate the follow ng
functions:

a. Transmi ssion of signals over the station radio fire reporting system
The devices are further described on the fire alarmmatrix for each
bui I di ng.

Conpany Qperations Facilities

AlarmInitiation Devices

Wat er Fl ow

Al'l valve and transmitter door tanper swtchs
Al trouble conditions

PwbrE

Bar racks/ Sol di er Conmmunity Buil di ng

Al'l barracks and sol dier community building alarms will be transmitted in
the soldier comunity building. The zones will be as indicated.

Barracks 7815A & 7815B

1. Aarmlinitiating Devices (One zone for each floor per building)

2. Water flow (One zone for each floor per building)

3. Al valve and transmtter door tanper sw tches (One zone per
bui I di ng)

4, Al fire alarm panel trouble conditions (One zone per buil ding)

5. An alarmcondition froma single snoke detector in room nodul e shall
cause the sounding of the detector audi ble base within the room nodul e
only and transmt trouble signal to FA and fire station.

6. Alarmfor multiple snoke detectors in the same nodul e (One zone for
each floor per building)

Sol di er Community Buil di ng

AlarmlInitiation Devices

Wat er Fl ow

Al'l valve and transmitter door tanper switches
Al trouble conditions

Pwbr

b. Visual indications of the alarmed devices on the fire alarmcontrol panel
di splay and on the renote audi bl e/ vi sual display.

c. Continuous sounding or operation of alarmnotification appliances
t hroughout the building as required by ANSI S3.41.

f. Deactivation of the air handling units throughout the building.

g. Exit to flash when systemis in al arm node.

4.4 Primary Power

Operating power shall be provided as required by paragraph Power Supply for the
System Transfer fromnormal to emergency power or restoration fromenergency to
normal power shall be fully automatic and not cause transm ssion of a false
alarm Loss of ac power shall not prevent transm ssion of a signal via the fire
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reporting system upon operation of any initiating circuit.

.4.5 Battery Backup Power

Battery backup power shall be through use of rechargeabl e, seal ed-type storage
batteries and battery charger

.5 TECHNI CAL DATA AND COVPUTER SOFTWARE

Techni cal data and conputer software (neaning technical data which relates to
conputer software) which is specifically identified in this project, and which
may be defined/required in other specifications, shall be delivered, strictly in
accordance with the CONTRACT CLAUSES, and in accordance with the Contract Data
Requi renents List, DD Form 1423. Data delivered shall be identified by reference
to the particular specification paragraph against which it is furnished. Data to
be submitted shall include conplete system equipnment, and software descriptions.

Descriptions shall show how the equi pnent will operate as a systemto neet the
performance requirements of this contract. The data package shall al so include
the foll ow ng:

(1) ldentification of programmabl e portions of system equi pnent and
capabilities.

(2) Description of systemrevision and expansi on capabilities and nethods of
i npl emrent ati on detailing both equipnent and software requirenents

(3) Provision of operational software data on all nodes of programmuable
portions of the fire alarmand detection system

(4) Description of Fire Alarm Control Panel equi pment operation.
(5) Description of auxiliary and renpte equi pment operations.
(6) Library of application software.

(7) Operation and mai ntenance nmanual s as specified in SD-19 of the
Submi ttal s paragraph.

6  DELI VERY AND STORAGE
Equi pment delivered and placed in storage shall be stored with protection from

the weather, humidity and temperature variation, dirt, dust, and any other
cont am nants.

PART 2 PRODUCTS

2.

1 CONTROL PANEL

Control Panel shall conmply with the applicable requirenents of UL 864. Panel
shall be nodular, installed in a surface nounted steel cabinet w th hinged door
and cylinder lock. Control panel shall be a clean, uncluttered, and orderly
assenbl ed panel containing conponents and equi pnent required to provide the

speci fied operating and supervisory functions of the system The panel shal

have prom nent rigid plastic, phenolic or netal identification plates for

LED LCDs, zones, SLC, controls, nmeters, fuses, and switches. Naneplates for fuses
shal | also include anpere rating. The LED/LCD displays shall be |ocated on the
exterior of the cabinet door or be visible through the cabinet door. Contro
panel switches shall be within the | ocked cabinet. A suitable neans (single
operation) shall be provided for testing the control panel visual indicating
devices (neters or LEDs/LCDs). Meters and LEDs shall be plainly visible when the
cabi net door is closed. Signals and LEDs/LCDs shall be provided to indicate by
zone any alarm supervisory or trouble condition on the system Loss of power,

i ncluding batteries, shall not require the manual reloading of a program Upon
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restoration of power, startup shall be automatic, and shall not require any
manual operation. The |loss of primary power or the sequence of applying primry
or emnergency power shall not affect the transmi ssion of alarm supervisory or
troubl e signals. Visual annunciation shall be provided for LED LCD visua
display as an integral part of the control panel and shall identify with a word
description and id nunber each device. Cabinets shall be provided with anple
gutter space to all ow proper clearance between the cabinet and live parts of the
panel equipnent. |If nore than one nodular unit is required to forma contro
panel, the units shall be installed in a single cabinet |arge enough to
accommodate units. Cabinets shall be painted red

.11 Renot e Syst em Audi bl e/ Vi sual Di spl ay

Audi bl e appliance shall have a m ni nrum sound | evel output rating of 85 dBA at
and operate in conjunction with the panel integral display. The audible device
shall be silenced by a systemsilence switch on the renpte system The audible
devi ce shall be silenced by the systemsilence switch |ocated at the renote

I ocation, but shall not extinguish the visual indication. The renote LED/LCD
visual display shall provide identification, consisting of the word description
and id nunber for each device as displayed on the control panel. Arigid

pl astic, phenolic or netal identification sign which reads "Fire A arm System
Renot e Di splay" shall be provided at the renote audi bl e/visual display. The
renote visual appliance |located with the audible appliance shall not be
extingui shed until the trouble or alarm has been cl eared

.1.2 Circuit Connections

Circuit conductors entering or |eaving the panel shall be connected to screwtype
termnals with each conductor and term nal marked for identification.

.1.3 Syst em Expansi on and Mdification Capabilities

Any equi pnrent and software needed by qualified technicians to inplenent future
changes to the fire alarmsystemshall be provided as part of this contract.

.1.4 Addr essabl e Control Modul e

The control nodul e shall be capable of operating as a relay (dry contact form Q)
for interfacing the control panel with the PA system The nodul e shall be UL
listed as conpatible with the control panel. The indicating device or the
external |oad being controlled shall be configured as a Style Y notification
appliance circuits. The systemshall be capable of supervising, audible, visua
and dry contact circuits. The control nodule shall have both an input and out put
address. The supervision shall detect a short on the supervised circuit and
shal | prevent power frombeing applied to the circuit. The control nodel shal
provi de address setting nmeans conpatible with the control panel's SLC supervi sion
and store an internal identifying code. The control nodule shall contain an
integral LED that flashes each tine the control nodule is polled

.1.5 Addressable Initiating Device Circuits Mdul e

The initiating device being nmonitored shall be configured as a Style Dinitiating
device circuits. The systemshall be capable of defining any nodul e as an al arm
nmodul e and report alarmtrouble, loss of polling, or as a supervisory nodul e, and
reporting supervisory short, supervisory open or |loss of polling. The nodule
shall be UL listed as conpatible with the control panel. The nonitor nodul e
shal | provide address setting nmeans conpatible with the control panel's SLC
supervision and store an internal identifying code. Monitor nodule shall contain
an integral LED that flashes each tine the nonitor nodule is polled. Pul
stations with a nonitor nodule in a common backbox are not required to have an
LED.

2 STCORAGE BATTERI ES
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Storage batteries shall be provided and shall be 24 Vdc seal ed, |ead-cal ciumtype
requiring no additional water. The batteries shall have anple capacity, with
primary power disconnected, to operate the fire alarmsystemfor a period of 72
hours. Following this period of battery operation, the batteries shall have
anpl e capacity to operate all conponents of the system including all alarm
signaling devices in the total alarmnode for a mni mum period of 15 mi nutes.
Batteries shall be located at the bottom of the panel. Batteries shall be

provi ded with overcurrent protection in accordance with NFPA 72. Separate
battery cabi nets shall have a | ockabl e, hinged cover simlar to the fire alarm
panel . The lock shall be keyed the same as the fire alarmcontrol panel

Cabi nets shall be painted to match the fire alarm control panel

.3 BATTERY CHARGER

Battery charger shall be conpletely automatic, 24 Vdc w th high/low charging
rate, capable of restoring the batteries fromfull discharge (18 Volts dc) to
full charge within 48 hours. A pilot light indicating when batteries are
manual | y placed on a high rate of charge shall be provided as part of the unit
assenbly, if a high rate switch is provided. Charger shall be located in contro
panel cabinet or in a separate battery cabinet.

.4  ADDRESSABLE MANUAL FI RE ALARM STATI ONS

Addr essabl e nmanual fire alarmstations shall conformto the applicable

requi renents of UL 38. Manual stations shall be connected into signal |ine
circuits. Stations shall be installed on surface or nmounted outl et boxes
Manual stations shall be rmounted at Stations shall be double action type

Stations shall be finished in red, with raised letter operating instructions of
contrasting color. Stations requiring the breaking of glass or plastic panels
for operation are not acceptable. Stations enploying glass rods are not
acceptable. The use of a key or wench shall be required to reset the station.
Gravity or mercury switches are not acceptable. Switches and contacts shall be
rated for the voltage and current upon which they operate. Addressable pul
stations shall be capable of being field progranmed, shall |atch upon operation
and remain latched until manually reset. Stations shall have a separate screw
term nal for each conductor. Surface nounted boxes shall be painted red.

.5 FI RE DETECTI NG DEVI CES

Fire detecting devices shall conply with the applicable requirements of NFPA 72,
NFPA 90A, UL 268, UL 268A, and UL 521. The detectors shall be provided as

i ndicated. Detector base shall have screw termnals for maki ng connections. No
sol der connections will be allowed. Detectors |ocated in conceal ed | ocations
(above ceiling, raised floors, etc.) shall have a renbte visible indicator

LEDY LCD. Addressable fire detecting devices, except flane detectors, shall be

dynam cal | y supervised and uniquely identified in the control panel. Al fire
alarminitiating devices shall be individually addressabl e, except where
indicated. |Installed devices shall conformto NFPA 70 hazard cl assification of

the area where devices are to be installed.

.5.1 Heat Detectors

Heat detectors shall be designed for detection of fire by conbination fixed
temperature and rate-of-rise principle . Heat detector spacing shall be rated in
accordance with UL 521. Detectors |located in areas subject to noisture, exterior
at nospheric conditions, or hazardous |ocations as defined by NFPA 70, shall be
types approved for such locations. Heat detectors located in attic spaces or
sim |l ar conceal ed spaces bel ow the roof shall be internediate tenperature rated
.5.1.1 Conbi nati on Fi xed- Tenperature and Rate-of-Ri se Detectors

Detectors shall be designed for surface outlet box mounting and supported
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i ndependently of wiring connections. Contacts shall be self-resetting after

response to rate-of-rise principle. Under fixed tenperature actuation, the

detector shall have a permanent external indication which is readily visible.

Detector units located in boiler roonms, showers, or other areas subject to

abnormal tenperature changes shall operate on fixed tenperature principle only.

The UL 521 test rating for the fixed tenperature portion shall be 57.2 degrees C
The UL 521 test rating for the Rate-of-Ri se detectors shall be rated for

.5.2 Snoke Detectors

Snoke detectors shall be designed for detection of abnormal snoke densities.
Snoke detectors shall be photoelectric type. Detectors shall contain a visible

i ndi cator LED/LCD that shows when the unit is in alarmcondition. Detectors
shall not be adversely affected by vibration or pressure. Detectors shall be the
plug-in type in which the detector base contains termnals for nmaking wiring
connections. Detectors that are to be installed in conceal ed (above fal se
ceilings, etc.) locations shall be provided with a renote indicator LED LCD
suitable for nounting in a finished, visible |ocation

.5.2.1 Phot oel ectric Detectors

Detectors shall operate on a light scattering concept using an LED |ight source
Fai lure of the LED shall not cause an alarmcondition. Detectors shall be
factory set for sensitivity and shall require no field adjustnents of any kind.
Detectors shall have an obscuration rating in accordance with UL 268

Addr essabl e snoke detectors shall be capable of having the sensitivity being
renotely adjusted by the control panel

.5.2.2 Duct Detectors

Duct detectors shall be as specified in section 15951A DI RECT DI G TAL CONTROL FOR
HVAC

.6 NOTI FI CATI ON APPLI ANCES

Audi bl e appliances shall conformto the applicable requirements of UL 464.

Devi ces shall be connected into notification appliance circuits. Devices shal
have a separate screw term nal for each conductor. Audible appliances shal
generate a uni que audi bl e sound from ot her devices provided in the building and
surroundi ng area. Surface nmounted audi bl e appliances shall be painted RED
Recessed audi bl e appliances shall be installed with a grill that is painted RED

.6.1 Al ar m Hor ns

Horns shall be surface nounted, with the matchi ng mounti ng back box surface
mount ed vi brating type suitable for use in an electrically supervised circuit.
Horns shal |l produce a sound rating of at |east 85 dBA at Horns used in exterior
| ocations shall be specifically listed or approved for outdoor use and be
provided with netal housing and protective grilles.

.6.2 Visual Notification Appliances

Vi sual notification appliances shall conformto the applicable requirements of UL
1971 and the contract drawi ngs. Appliances shall have clear high intensity optic
I ens, xenon flash tubes, and output white light. Strobe flash rate shall be
between 1 to 3 flashes per second and a m ni mum of 75 candela. Strobe shall be
sem -fl ush nount ed

.6.3 Conbi nati on Audi bl e/ Vi sual Notification Appliances
Conbi nati on audi bl e/ visual notification appliances shall provide the sane

requi renents as individual units except they shall nount as a unit in standard
backboxes. Units shall be factory assenbled. Any other audible notification
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appliance enployed in the fire alarmsystens shall be approved by the Contracting
Oficer.

.6.4 Voice Evacuation System

The voi ce evacuation system shall provide for one-way voi ce comruni cati ons,
routing and pre-anplification of digital alarmtones and voice (digital and

anal og) messages. The systemshall be zoned for nessages (Custom and
prerecorded). The follow ng el ectronic tones shall be available fromthe
anplifier: Slow Woop, H gh/Low, Horn, Chine, Beep, Stutter, Wail and Bell. The
systemshall be interfaced with the Manoco Transceiver to broadcast a nmessage on
initiation of the voice evacuation systemfromthe Fire Station. The voice
evacuati on system shall have blue strobes and speakers | ocated throughout the
building. On activation of the system the nessage will be broadcast on the
speakers, the blue strobes will flash and all the indicating devices of FA system
will be silenced/deactivated for that period the voice activation systemis on.

.7 FI RE DETECTI ON AND ALARM SYSTEM PERI PHERAL EQUI PMENT

7.1 Condui t

Conduit and fittings shall conmply with NFPA 70, UL 6, UL 1242, and UL 797
.7.2 Wring

Wring shall conformto NFPA 70. Wring for 120 Vac power shall be No. 12 AWG
m nimum The SLC wiring shall be copper cable in accordance with the
manufacturers requirenents. Wring for fire alarmdc circuits shall be No. 14
AWG mini mum Vol tages shall not be mixed in any junction box, housing, or

devi ce, except those containing power supplies and control relays. Wring shal
conformto NFPA 70. Systemfield wiring shall be solid copper and installed in
metal lic conduit or electrical netallic tubing, except that rigid plastic conduit
may be used under sl ab-on-grade. Conductors shall be color coded. Conductors
used for the same functions shall be simlarly color coded. Wring code color
shall remain uniformthroughout the circuit. Pigtail or T-tap connections to
initiating device circuits, supervisory alarmcircuits, and notification
appliance circuits are prohibited. T-tapping using screw termnal blocks is
allowed for style 5 addressabl e systens.

.7.3 Speci al Tools and Spare Parts

Sof tware, connecting cables and proprietary equipnent, necessary for the

mai nt enance, testing, and reprogramm ng of the equi pnent shall be furnished to
the Contracting Oficer. Two spare fuses of each type and size required shall be
furnished. Two percent of the total nunber of each different type of detector,
but no I ess than two each, shall be furnished. Spare fuses shall be nounted in
the fire al arm panel

.8 TRANSM TTERS
.8.1 Radio Alarm Transmitters

Transmtters shall be conpatible with proprietary supervising station receiving
equi pnent. Each radio alarmtransmtter shall be the manufacturer's recognized
conmerci al product, conpletely assenbled, wired, factory tested, and delivered
ready for installation and operation. Transmtters shall be provided in
accordance with applicable portions of NFPA 72, NFPA 1221, and 47 CFR 15.
Transnmitter el ectronics nodul e shall be contained within the physical housing as
an integral, renovable assenbly. The proprietary supervising station receiving
equi pnent is _ Monaco D21, BT-XMBuilding Transceiver  and the transceiver
shall be fully conpatible with this equipnent. Transmitter transmtting zones
shall be as specified in supara Alarm Functions of this section. Provide 12
spare zones in transmitter for future use. Install building transceiver BT- XM
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only if the Supervising station has followed through with the upgrade of D 21;

ot herwise, notify the COR for further instructions. Provide adequate zones in
the transnmitter to transnt one trouble signal fromthe nodul e detectors (one per
floor) and another trouble signal to report trouble fromall other devices.

2.8.1.1 Transm tter Power Supply

Each radio alarmtransmtter shall be powered by a conbination of locally
avai |l abl e 120-volt ac power and a seal ed, |ead-calciumbattery.

a. Qperation: Each transmitter shall operate from 120-volt ac power. In
the event of 120-volt ac power loss, the transmitter shall automatically
switch to battery operation. Switchover shall be acconplished with no
interruption of protective service, and shall automatically transnmt a
troubl e nessage. Upon restoration of ac power, transfer back to nornal ac
power supply shall also be automatic.

b. Battery Power: Transmitter standby battery capacity shall provide
sufficient power to operate the transmitter in a normal standby status for a
m ni mum of 72 hours and be capable of transmitting alarns during that period.

2.8.1.2 Radi o Alarm Transmitter Housing

Transnmitter housing shall be NEMA Type 1. The housing shall contain a | ock that
is keyed identical to the fire alarmsystemfor the building. Radio alarm
transmtter housing shall be factory painted with a suitable primng coat and not
|l ess than two coats of a hard, durable weatherproof enanel.

2.8.1.3 Ant enna

The Contractor shall provide omidirectional, coaxial, halfwave dipol e antennas
for radio alarmtransmtters with a driving point inpedance to match transmtter
output. The antenna and antenna nmounts shall be corrosion resistant and desi gned
to withstand wind velocities of Ant ennas shall not be mounted to any portion of
the building roofing system

PART 3 EXECUTI ON
3.1 | NSTALLATI ON

Al work shall be installed as shown, and i n accordance with NFPA 70 and NFPA 72,
and in accordance with the manufacturer's diagranms and reconmendati ons, unl ess
ot herwi se specified. Snoke detectors shall not be installed until construction
is essentially conplete and the building has been thoroughly cl eaned.

3.1.1 Power Supply for the System

A single dedicated circuit connection for supplying power froma branch circuit
to each building fire alarmsystemshall be provided. The power shall be

suppl i ed as shown on the drawi ngs. The power supply shall be equipped with a

| ocki ng mechani sm and nmarked in red with the words "FIRE ALARM Cl RCU T CONTROL".

3.1.2 Wring

Conduit size for wiring shall be in accordance with NFPA 70, and the mni num size
shall be 1/2 inch. Wring for the fire alarmsystemshall not be installed in
conduits, junction boxes, or outlet boxes with conductors of |ighting and power
systens. Not nmore than two conductors shall be installed under any device screw

termnal. The wires under the screw term nal shall be straight when placed under
the terminal then clanped in place under the screwtermnal. The wires shall be
broken and not twi sted around the termnal. Crcuit conductors entering or

| eavi ng any nounting box, outlet box enclosure, or cabinet shall be connected to
screw termnals with each term nal and conductor narked in accordance with the
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wiring diagram Connections and splices shall be nade using screw term na

bl ocks. The use of wire nut type connectors in the systemis prohibited. Wring
wi thin any control equipnent shall be readily accessible w thout renoving any
conponent parts. The fire al arm equi pment manufacturer's representative shall be
present for the connection of wiring to the control panel

.1.3 Control Pane

The control panel and its assorted conponents shall be nmounted so that no part of
the encl osing cabinet is less than nor nore than above the finished floor
Manual |y operabl e controls shall be between above the finished floor. Panel
shall be installed to conply with the requirenments of UL 864.

.1.4 Det ectors

Detectors shall be located and installed in accordance with NFPA 72. Detectors
shal | be connected into signal line circuits or initiating device circuits as

i ndicated on the drawings. Detectors shall be at least fromany part of any
lighting fixture. Detectors shall be located at least fromdiffusers of air
handl i ng systens. Each detector shall be provided with appropriate nmounting
hardware as required by its nmounting location. Detectors which nount in open
space shall be nounted directly to the end of the stubbed down rigid conduit
drop. Conduit drops shall be firmy secured to mnimze detector sway. Were

I ength of conduit drop fromceiling or wall surface exceeds sway bracing shal
be provided. Contractor shall coordi nate snmoke detector sensitivities with COR
Contractor should adjust the systemand if required, make further adjustnents
during construction until final acceptance. |ndicated detector shall be provided
with an audi bl e base that is connected to the notification appliance circuit.
This system shall be capable of individually comrandi ng the audi bl e bases to
sound wi t hout sounding the other notification appliances. The audible base shal
be capabl e of producing 85dBA at 10 feet. Snoke detectors in living unit shal
be rated for 1200 ft per mnute of air novenent.

.1.5 Noti fi cati on Appliances

Noti ficati on appliances shall be nounted above the finished floor or belowthe
ceiling, whichever is |ower.

.1.6 Annunci ator Equi pnent
Annunci at or equi pnment shall be nounted where indicated on the draw ngs.
.1.7 Addressable Initiating Device Circuits Mdul e

The initiating device circuits nodule shall be used to connect supervised
conventional initiating devices (water flow switches, water pressure sw tches
manual fire alarmstations, high/low air pressure switches, and tanper sw tches).
The modul e shall mount in an electrical box adjacent to or connected to the
device it is nonitoring and shall be capable of Style B supervised wiring to the
initiating device. |In order to maintain proper supervision, there shall be no
T-taps allowed on style B lines. Addressable initiating device circuits nodul es
shall nonitor only one initiating device each. Contacts in suppression systens
and other fire protection subsystens shall be connected to the fire al arm system
to perform supervisory and al armfunctions as specified in NFPA 72, as indicated
on the drawi ngs and as specified herein

.1.8 Addr essabl e Control Modul e

Addr essabl e and control nodul es shall be installed in the outlet box or adjacent
to the device they are controlling. |f a supplenmentary suppression rel easing
panel is provided, then the nmonitor nodul es shall he nmounted in a common

encl osure adj acent to the suppression rel easi ng panel and both this encl osure and
the suppression rel easing panel shall be in the same room as the rel easing
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devices. Al interconnecting wires shall be supervised unless an open circuit or
short circuit abnormal condition does not affect the required operation of the
fire alarmsystem |If control nodules are used as interfaces to other systens,
such as HVAC or elevator control, they shall be within the control panel or

imedi ately adjacent to it. Control nodules that control a group of notification
appl i ances shall be adjacent to the first notification appliance in the
notification appliance circuits. Control nodules that connect to devices shal
supervise the notification appliance circuits. Control nodules that connect to
auxiliary systens or interface with other systens (non-life safety systens) and
where not required by NFPA 72, shall not require the secondary circuits to be
supervised. Contacts in suppression systenms and other fire protecti on subsystens
shall be connected to the fire alarmsystemto performrequired alarmfunctions
as specified in NFPA 72, as indicated on the drawi ngs and as specified herein

.2  OVERVOLTAGE AND SURGE PROTECTI ON
.2.1 Power Line Surge Protection

Al'l equi pnent connected to alternating current circuits shall be protected from
surges per | EEE C62.41 B3 conbi nati on waveform and NFPA 70. Fuses shall not be
used for surge protection. The surge protector shall be rated for a maxi mum | et
thru voltage of 350 Volts ac (line-to-neutral) and 350 Volt ac

(neutral -to-ground).

.2.2 Low Vol tage DC Circuits Surge Protection

Al IDC, NAC, and conmuni cation cabl es/conductors, except fiber optics, shal
have surge protection installed at each point where it exits or enters a
bui I di ng. Equi prent shall be protected fromsurges per | EEE C62.41 B3

conbi nati on waveform and NFPA 70. The surge protector shall be rated to protect
the 24 Volt dc equi pnent. The nmaxi num dc cl anpi ng voltages shall be 36 V
(line-to-ground) and 72 Volt dc (line-to-line).

.2.3 Signal Line Crcuit Surge Protection

Al'l SLC cabl es/ conductors, except fiber optics, shall have surge
protection/isolation circuits installed at each point where it exits or enters a
building. The circuit shall be protected from surges per |EEE C62.41 B3

conbi nati on waveform and NFPA 70. The surge protector/isolator shall be rated to
protect the equi pnent.

.3 GROUNDI NG
G oundi ng shall be provided by connecting to building ground system
.4 TESTI NG

The Contractor shall notify the Contracting Oficer at |east 10 days before the
prelimnary and acceptance tests are to be conducted. The tests shall be
perfornmed in accordance with the approved test procedures in the presence of the
Contracting Oficer. The control panel manufacturer's representative shall be
present to supervise tests. The Contractor shall furnish instrunments and
personnel required for the tests.

4.1 Prelimnary Tests

Upon conpl etion of the installation, the systemshall be subjected to functiona
and operational performance tests including tests of each installed initiating
and notification appliance, when required. Tests shall include the nmeggering of
system conductors to determ ne that the systemis free fromgrounded, shorted, or
open circuits. The negger test shall be conducted prior to the installation of
fire alarmequipnent. |If deficiencies are found, corrections shall be made and
the systemshall be retested to assure that it is functional. After conpleting
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the prelimnary testing the Contractor shall conplete and submt the NFPA 72
Certificate of Conpletion
.4.2 Accept ance Test
Accept ance testing shall not be perforned until the Contractor has conpl eted and
submtted the Certificate of Conpletion. Testing shall be in accordance with
NFPA 72. The recommended tests in NFPA 72 shall be considered mandatory and
shal | verify that previous deficiencies have been corrected. The Contractor
shal | conplete and submt the NFPA 72, Inspection and Testing Form The test
shall include all requirenments of NFPA 72 and the follow ng:

a. Test of each function of the control panel.

b. Test of each circuit in both trouble and nornmal nodes

c. Tests of each alarminitiating devices in both normal and trouble
condi tions.

d. Tests of each control circuit and device.

e. Tests of each alarmnotification appliance.

f. Tests of the battery charger and batteries.

g. Conplete operational tests under emergency power supply.
h. Visual inspection of wiring connections.

i. Opening the circuit at each alarminitiating device and notification
appliance to test the wiring supervisory feature.

j. Gound fault

k. Short circuit faults

I. Stray voltage

m Loop resistance
.5  TRAIN NG
Trai ning course shall be provided for the operations and mai ntenance staff. The
course shall be conducted in the building where the systemis installed or as
designated by the Contracting Oficer. The training period for systens operation
& MAI NTENANCE shall consist of 1 training days (8 hours per day) and shall start
after the systemis functionally conpleted but prior to final acceptance tests.

The instructions shall cover itens contained in the operating and nai nt enance

instructions. In addition, training shall be provided on performance of
expansions or nodifications to the fire detection and al arm system

-- End of Section --
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SECTI ON 15951A

DI RECT DI G TAL CONTROL FOR HVAC

PART 1 GENERAL

1.

1  REFERENCES
The publications |isted below forma part of this specification to the extent
referenced. The publications are referred to in the text by basic designation
only.

Al R MOVEMENT AND CONTRCOL ASSCCI 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 SCCI ETY FOR TESTI NG AND MATERI ALS (ASTM

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

ASTM B 88 (1996) Seanl ess Copper Water Tube

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

ASTM D 1693 (1997a) Environnmental Stress-Cracking of Ethylene
Pl astics

ASTM D 635 (1997) Rate of Burning and/or Extent and Tine of

Bur ning of Self-Supporting Plastics in a
Hori zontal Position

ASME | NTERNATI ONAL ( ASME)

ASME B40. 1 (1991) Gauges - Pressure Indicating Dial Type -
El astic El ement

ASME BPVC SEC VIl D1 (1998) Boiler and Pressure Vessel Code; Section
VI1l, Pressure Vessels Division 1 - Basic Coverage

ELECTRONI C | NDUSTRI ES ALLI ANCE (ElI A)
El A ANSI/ El A/ TI A- 232-F (1991) Interface Between Data Techni cal Equi pnent
and Data G rcuit-Term nating Equi prent Enpl oyi ng
Serial Binary Data |nterchange
| NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENG 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 G ounding
of Industrial and Commercial Power Systens

| NSTRUMENT SOCI ETY OF AMERI CA (I SA)
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I SA S7.0.01 (1996) Quality Standard for Instrunment Air

NATI ONAL ELECTRI CAL MANUFACTURERS ASSCCI ATI ON ( NEMA)

NEMA 250 (1991) Encl osures for Electrical Equipnment (1000
Vol ts Maxi mum)

NEMA | CS 1 (1993) Industrial Control and Systens

NEMA ST 1 (1988) Specialty Transforners (Except

Cener al - Pur pose Type)
NATI ONAL FI RE PROTECTI ON ASSCCI ATI ON ( NFPA)

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

UNDERWRI TERS LABORATORI ES (UL)

UL 268A (1998) Snoke Detectors for Duct Application

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

UL 94 (1996; Rev thru Jul 1998) Tests for Flammbility
of Plastic Materials for Parts in Devices and
Appl i ances

.2 GENERAL REQUI REMENTS

The direct digital control (DDC) shall be a conplete systemsuitable for the
heating, ventilating and air-conditioning (HVAC) system The DDC system shall be
a conplete control systemconsisting of a building automation system and an
automatic tenperature control systemsuitable for the HVAC system The direct
digital control systemshall be connected to the existing Johnson Controls

Met asys System (EMCS) at Fort Riley that has been accepted as an approved
interface by the Contracting Officer. Al controls added under this project
shal | be connected to a global network control unit |ocated as shown, and shall
conmuni cate to the basewi de EMCS via the LAN serving the base. The system shall
denonstrate 100% capability to remotely control and respond to all panels,
sensors and actuators via graphical display. The contractor shall supply all
materials required and software generation necessary to enable the DDC to

conmuni cate with the Fort R ley EMCS engi neering control station |ocated in

bui I ding 364. The system shall be capabl e of downl oadi ng new software updates
and prograns, uploading of setpoints, and optim zation analysis and reporting all
fromthe building 364 control station. Fort Riley will supply the necessary LAN
drops and | P addresses. The Contractor shall generate all software and install
all hardware required to connect the new facilities to the existing EMCS. The
Contractor shall update all EMCS workstation networks with all the new 7800 and
7400 area buildings. At the conpletion of the project, the contractor shall |oad
all new building software onto the archive workstation. Systemshall be able to
automatically downl oad the new buildings in the event that the software prograns
are lost or corrupt. Also, at the project conpletion, the existing Metasys web
access software shall be updated with all new building information as required
for renote access via web browser.

.2.1 Dynanmi ¢ Col or G aphic Displ ays
Col or graphic floor plan displays, and system schematics for each piece of

mechani cal equi prent, including air handling units, chilled water systenms and hot
wat er boiler systenms, shall be generated to optimze system perfornmance anal ysi s
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and speed alarmrecognition. the existing operator interface workstation |ocated
in Building 364 shall be utilized for operator interface

.2.1 Narepl at es, Lens Caps, and Tags

Nanepl ates and | ens caps bearing | egends and tags bearing devi ce-uni que
identifiers as shown shall have engraved or stanped characters. A plastic or
metal tag shall be mechanically attached directly to each device or attached by a
metal chain or wire. Each airflow nmeasurenment station shall have a tag show ng
flow rate range for signal output range, duct size, and identifier as shown.

.2.2 Verification of D nensions

After beconming famliar with all details of the work, the Contractor shall verify
all dinensions in the field, and shall advise the Contracting Oficer of any
di screpancy before perform ng any work.

.2.3 Dr awi ngs

Because of the small scale of the drawings, it is not possible to indicate al

of fsets, fittings, and accessories that may be required. The Contractor shal
carefully investigate the mechanical, electrical, and finish conditions that
could affect the work to be perfornmed, shall arrange such work accordingly, and
shall furnish all work necessary to neet such conditions.

.2.4 Power - Li ne Surge Protection

Equi pment connected to ac circuits shall be protected from power-Iline surges.
Equi pment protection shall neet the requirenments 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 pnent shall be protected agai nst surges induced on
control and transmitter wiring installed outside. The equipnment protection shal
be tested in the normal node and in the comon node, using the follow ng two
wavef or ms:

a. A 10-microsecond by 1,000-m crosecond waveformwi th a peak vol t age of
1,500 volts and a peak current of 60 anperes.

b. An eight mcrosecond by 20-m crosecond waveformwi th a peak voltage 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 mean tine between failure
(MIBF) of at |east 40,000 hours. Each DDC controller shall be designed
configured, installed and progranmed to provide for stand al one operation with

m ni mal performance degradation on failure of other system conponents to which it
is connected or with which it conmunicates.

2.7 DDC System Network Accessibility

Where the systens to be controlled by the DDC systemare located in nultiple
mechani cal roons, each nechanical roomshall have at | east one comuni cation port
for the portable workstation/tester. DDC controllers shall be located in the
sane room as the equi pnment being controlled or in an adjacent space which has
direct access to the equi pment room

.2.8 System Accuracy and Di spl ay

The system shall maintain an end-to-end accuracy for one year fromsensor to
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operator's console display for the applications specified and shall display the

val ue as specified. Each tenmperature shall be displayed and printed to nearest

0. 05 degree C

.2.8.1 Space Tenperature

Space tenperature with a range of 10 to 30 degrees C plus or mnus 0.5 degrees C
for conditioned space; minus 1 to plus 55 degrees C plus or minus 0.5 degrees C
for unconditioned space.

.2.8.2 Duct Tenperature

Duct tenperature with a range of 5 to 60 degrees C plus or mnus 1 degree C

.2.8.3 Qutside Air Tenperature

Qutside air (OA) tenperature with a range of mnus 35 to plus 55 degrees C plus
or mnus 1 degree C wth a subrange of mnus 1 to plus 40 degrees C plus or

m nus 0.5 degree C

.2.8.4 Wat er Tenperature

Water tenperature with a range of minus 1 to plus 40 degrees C plus or mnus 0.5
degree C, the range of 40 to 120 degrees C plus or mnus 1 degree C, and

wat er tenperatures for the purpose of perform ng energy calculations using
differential tenperatures to plus or mnus 0.5 degree C using matched sensors.

.2.8.5 H gh Tenperature

Hi gh tenperature with a range of 100 to 260 degrees C plus or mnus 1 degree C

.2.8.6 Rel ative Hum dity

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

.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 kPa. )

.2.8.8 FI ow

Flow with a range for the specific application plus or mnus 3.0 percent of
range, and flows for the purpose of thermal calculations to plus or mnus 2.0
percent of actual flow (display and print to nearest unit, such as liters per
second.

.2.8.9 KWh and kW Dermand

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

.2.8.10 Anal og Val ue I nput

An anal og value input to the system s equi pnent via an Al with a nmaxi nrumerror of
0.50 percent of range, not including the sensor or transmtter error. This
accuracy shall be mmintained over the specified environmental conditions.

.3  SUBM TTALS

Covernnent approval is required for subnmittals with a "G' designation; submttals
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not having a "G' designation are for information only. Wen used, a designation
following the "G' designation identifies the office that will reviewthe
submttal for the Governnent. Al itens designated with a G DF, including
product literature, calculations, conponent data, certificates, diagrans and
drawi ngs, shall be submitted concurrently in one conplete systemsubmttal.
Qmission of any required submttal itemfromthe package shall be sufficient
cause for disapproval of the entire submttal. Unless otherwi se indicated in the
subm ttal review commentary, disapproval of any itemw thin the package shall
require a re-submittal of the entire system package, in which all deficiencies
shall be corrected. The follow ng shall be subnmitted in accordance with Section
01330 SUBM TTAL PROCEDURES:

SD- 02 Shop Drawi ngs
HVAC Control System G DF.

Drawi ngs shall be on Al (841 by 594 m) sheets in the form and
arrangement shown. The drawi ngs shall use the sanme abbreviations,

synbol s, nonencl ature and identifiers showmn. Each control system el enent
on a drawi ng shall have a unique identifier as shown. The HVAC Contr ol
System Drawi ngs shall be delivered together as a conplete submttal.

Devi ati ons nust be approved by the Contracting O ficer. Draw ngs shall
be submitted along with Submttal SD-01, Data.

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

Sheet One: Draw ng Index, HVAC Control System Legend.

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

Sheet Three: Conpressed Air Station Schemati c.

Sheet Four: Control System Schematic and Equi prent Schedul e.
Sheet Five: Sequence of Operation and Data Terminal Strip Layout.
Sheet Six: Control Loop Wring D agrans.

Sheet Seven: Mdtor Starter and Relay Wring D agram

Sheet Eight: Conmmunication 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 Draw ng |Index shall show the nane and
nunber of the building, mlitary site, State or other simlar
desi gnation, and Country. The Drawi ng Index shall |ist HVAC Control
System Drawi ngs, including the drawi ng nunber, sheet nunber, draw ng
title, and conputer filenane when used. The HVAC Control System Legend
shal | show generic synbols and the name of devices shown on the HVAC
Control System Draw ngs.

c. The valve schedul e shall include each valve's unique identifier,
size, flow coefficient Kv , pressure drop at specified flow rate, spring
range, positive positioner range, actuator size, close-off pressure data,
di nensi ons, and access and cl earance requirenents data. Valve schedul es
may be submitted in advance but shall be included in the conplete
submi ttal.

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,
arrangenment of sections in multi-section danpers, and nethods of
connecting danpers, actuators, and |inkages. The Danper Schedul e shal
i nclude the maxi mum | eakage rate at the operating static-pressure
differential. The Danper Schedul e shall contain actuator selection data
supported by cal cul ations of the torque required to nove and seal the
danpers, access and cl earance requirenents. Danper schedul es may be
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submtted i n advance but shall be included in the conplete subnmittal.

e. The conpressed air station schematic diagramshall show all
equi pnent, including: conpressor with notor horsepower and voltage;
starter; isolators; manual bypasses; tubing sizes; drain piping and
drain traps; reducing valves; dryer; and data on manufacturer's nanes
and nodel nunbers, nounting, access, and cl earance requirenents. Air
Conpressor and air dryer data shall include calculations of the air
consunption of all current-to-pneumatic transducers and of any other
control systemdevices to be connected to the conpressed air station, and
the conpressed air supply dewpoint tenperature at 140 kPa . Conpressed
air station schematic drawi ngs shall be submitted 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 schematic drawi ng shall be submtted for each HVAC
system

g. The HVAC control system equi pment Schedul e shall be in the form
shown. Al devices shown on the draw ngs having unique identifiers
shall be referenced in the equi pnent schedule. Information to be
i ncluded in the equi pnent schedul e shall be the control |oop, device
uni que identifier, device function, setpoint, input range, and additi onal
i nportant paraneters (i.e., output range). An equi pnment schedul e shall
be submitted for each HVAC system

h. The HVAC control system sequence of operation shall reflect the
| anguage and format of this specification, and shall refer to the
devices by their unique identifiers as shown. No operational deviations
from specified sequences will be permtted without prior witten approval
of the Contracting Officer. Sequences of operation shall be submtted
for each HVAC control systemincluding each type of termnal unit control
system

i. The HVAC control systemwi ring diagranms shall be functional wring
di agrans whi ch show the interconnection of conductors and cables to HVAC
control panel termnal blocks and to the identified term nals of devices,
starters and package equi pnment. The wiring diagrans shall show necessary
junpers and ground connections. The wiring diagranms shall show the
| abel s of all conductors. Sources of power required for HVAC control
systens and for packaged equi pment control systens shall be identified
back to the panel board circuit breaker nunber, HVAC system control
panel, magnetic starter, or packaged equi pment 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
shall be submitted for each HVAC control system

SD- 03 Product Data
Surge Protection; G DF.
Regul at ed Power Supplies; G DF.
Power Line Conditioners; G DF.
Wring; G DF.
Val ve Actuators and positive positioners; G DF.

Danper Actuators and positive positioners; G DF.
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Control Valves; G DF
Control Danpers; G DF
Temperature Switches; G DF.
Temperature and Pressure Instrunents; G DF
Thernostats; G DF
Thernonmet ers and Gauges; G DF
DDC Control Panels and Accessories; G DF
Rel ays; G DF
Tubing; G DF
Conpressed Air Station; G DF
Conpressed Air Station Specialities;G DF
I P Transducers; G DF
Manual Switches; G DF
Equi pment Conpl i ance Booklet; G DF
Dynam ¢ Col or G aphic Display Layout Proposals; G DF
Input Qutput (I/0O Summary Tables; G DF
The HVAC Control System Equi prent Conpl i ance Bookl et (ECB) shall be in
bookl et form and i ndexed, wi th nunbered tabs separating the information
on each device. It shall consist of, but not be linmted to, data sheets
and catal og cuts which docunment conpliance of all devices and conponents
with the specifications. The ECB shall be indexed in al phabetical order
by the unique identifiers. Devices and conponents which do not have

unique identifiers shall follow the devices and components wi th uni que
identifiers and shall be indexed in al phabetical order according to their

functional nanme. The ECB shall include a Bill of Materials 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 unique identifier,

devi ce function, nmanufacturer, nodel/part/catal 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

Servi ce Organi zations; G RE

Si x copies of a list of service organizations qualified to service the
HVAC control system The list shall include the service organization
nane, address, technical point of contact and tel ephone nunber, and
contractual point of contact and tel ephone nunber.

Conmi ssi oni ng Procedures; G DF

Si x copies of the HVAC control system conm ssioning procedures, in
bookl et form and i ndexed, 60 days prior to the schedul ed start of
conmi ssi oni ng. Commi ssi oni ng procedures shall be provided for each HVAC
control system and for each type of terminal unit control system The
Conmi ssi oni ng procedures shall reflect the format and | anguage of this
specification, and refer to devices by their unique identifiers as
shown. The Commi ssi oni ng procedures shall be specific for each HVAC
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system and shall give detail ed step-by-step procedures for conm ssioning
of the systenm.

a. The Conmi ssioni ng procedures shall include detail ed, product
specific set-up procedures, configuration procedures, adjustment
procedures, and calibration procedures for each device. Were the
detai |l ed product specific conmm ssioning procedures are included in
manuf act urer supplied manuals, reference may be nade in the HVAC contro
syst em conmi ssi oni ng procedures to the nanual s.

b. An HVAC control system conmi ssioning procedures equi pment |i st
shall be included that lists the equi pment to be used to acconplish
conmi ssioning. The list shall include manufacturer nane, nodel nunber,
equi pnent function, the date of the latest calibration, and the results
of the latest calibration

Performance Verification Test Procedures; G RE

Si x 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 performance verification test procedures shal
refer to the devices by their unique identifiers as shown, shal

expl ain, step-by-step, the actions and expected results that will
denonstrate that the HVAC control system perforns in accordance with the
sequences of operation, and other contract docunents. An HVAC contro
system performance verification test equiprment list shall be included
that lists the equi pnent to be used during performance verification
testing. The list shall include manufacturer nanme, nodel nunber,

equi pnent function, the date of the latest calibration, and the results
of the latest calibration

Training; G RE

An outline for the HVAC control systemtraining course with a proposed
time schedule. Approval of the planned training schedule shall be
obtained fromthe Governnent at |east 60 days prior to the start of the
training. Six copies of HVAC control systemtraining course material 30
days prior to the scheduled start of the training course. The training
course material shall include the operation nmanual, naintenance and
repai r manual, and paper copies of overheads used in the course

SD- 06 Test Reports
Conmi ssi oni ng Report; G DF

Si x copies of the HVAC Control System Conm ssioning Report, in bookl et
formand i ndexed, within 30 days after conpletion of the system
conmi ssi oning. The conmi ssioning report shall include data coll ected
during the HVAC control system commi ssioning procedures and shall follow
the format of the conm ssioning procedures. The conm 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; G RE

Si x copies of the HVAC Control System Performance Verification Test
Report, in booklet formand i ndexed, within 30 days after conpletion of
the test. The HVAC control system performance verification test report
shal | include data collected during the HVAC control system performance
verification test. The original copies of all data gathered during the
performance verification test shall be turned over to the Government
after Governnent approval of the test results.
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SD-07 Certificates
Air Storage Tank; G RE
An ASME Air Storage Tank Certificate for each storage tank.
SD- 10 Operati on and Mai nt enance Dat a.
Qperation Manual; G RE
Mai nt enance and Repair Manual; G RE

Si x copies of the HVAC Control System Cperation Manual and HVAC Contro
Syst em Mai nt enance and Repair Manual, for each HVAC control system 30
days before the date schedul ed for the training course.

1.4  DELIVERY AND STORAGE

Products shall be stored with protection fromthe weather, hunmdity and
tenmperature variations, dirt and dust, and other contam nants, within the storage
condition limts published by the equi pnent manufacturer. Danpers shall be
stored so that seal integrity, blade alignnment and frane alignnent are naintained

1.4  OPERATI ON MANUAL

An HVAC control system operation manual in indexed booklet formshall be provided
for each HVAC control system The operation manual shall include the HVAC
control system sequence of operation, and procedures for the HVAC system
start-up, operation and shut-down. The operation manual shall include as-built
HVAC control systemdetail drawi ngs. The operation manual shall include the
as-built configuration checksheets, the procedures for changi ng HVAC contro
system setpoints, and the procedures for placing H/AC systemcontrollers in the
manual control node

a. The procedures for changi ng HVAC control system setpoints shall describe
the step-by-step procedures required to change the process variabl e setpoints,
the al arm setpoints, the bias settings, and setpoint reset schedul es.

b. The procedures for placing HVAC systemcontrollers in the manual contro
node shal |l describe step-by-step procedures required to obtain manual control of
each controlled device and to manual |y adjust their positions.

1.5 MAI NTENANCE AND REPAI R MANUAL

An HVAC control system nai ntenance and repair nmanual in indexed booklet formin
har dback bi nders shall be provided for each HVAC control system The nai ntenance
and repair manual shall include the routine maintenance checklist, a reconmended
repair nethods list, a list of recommended mai ntenance and repair tools, the

qual ified service organi zation list, the as-built conm ssioning procedures and
report, the as-built performance verification test procedures and report, and the
as-built equi pment 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 pnent
conpl i ance bookl et, the second colum shall state the maintenance activity or
state no nai ntenance required, the third colum shall state the frequency of the
mai nt enance activity, and the fourth columm for additional conmments or reference.

b. The recomrended repair nmethods list shall be arranged in a col umar
format and shall list all devices in the equi pnent data conpliance bookl et and
state the guidance on recommended repair nethods, either field repair, factory
repair, or whole-itemrepl acenent.
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c. The as-built equi pment data bookl et shall include the equi pnent
conpl i ance bookl et and manufacturer supplied user manual s and information.

d. |If the operation nmanual and the naintenance and repair nanual are
provided in a common vol une, they shall be clearly differentiated and separately
i ndexed.

.6 MAI NTENANCE AND SERVI CE

Services, materials and equi pnment shall be provided as necessary to maintain the
entire systemin an operational state as specified for a period of one year after
successful conpletion and acceptance of the Performance Verification Test.
Impacts on facility operations shall be mnimzed.

.6.1 Description of Wrk

The adjustnment and repair of the systemshall include the manufacturer's required
adj ust nents of conputer equi pnent, software updates, transm ssion equi pnment and
instrunentati on and control devices.

.6.2 Per sonne

Servi ce personnel shall be qualified to acconplish work pronptly and

satisfactorily. The Governnment shall be advised in witing of the nane of the
desi gnated service representative, and of any changes in personnel.

.6.3 Schedul ed | nspecti ons
Two i nspections shall be perforned at six-nonth intervals and all work required
shall be perfornmed. Inspections shall be scheduled in June and Decenber. These
i nspections shall include:

a. Visual checks and operational tests of equi pnent.

b. Fan checks and filter changes for control system equipnent.

c. Cean control system equipnent including interior and exterior surfaces.

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 ni ng 50 percent of the anal og points during the second major inspection.
Certify anal og test instrunentation accuracy to be twice 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
remai ning digital points during the second inspection

e. Run system software diagnostics and correct di agnosed probl ens.

f. Resolve any previous outstandi ng probl ens.

.6.4 Schedul ed Wor k

This work shall be perfornmed during regular working hours, Mnday through Friday,
excl uding I egal holidays.

.6.5 Emer gency Service

The Government will initiate service calls when the systemis not functioning
properly. Qualified personnel shall be available to provide service to the
system A tel ephone nunber where the service supervisor can be reached at al
times shall be provided. Service personnel shall be at the site within 4 hours
after receiving a request for service. The control systemshall be restored to
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proper operating condition within 1 cal endar day or 8 hours.
.6.6 Operation

Schedul ed adj ustnents and repairs shall include verification of the contro
system operation as denonstrated by the applicable tests of the performance
verification test.

.6.7 Records and Logs

Dated records and | ogs shall be kept of each task, with curnul ative records for
each maj or conponent, and for the conplete system chronol ogically. A continuous
| og shall be maintained for all devices. The log shall contain initial anal og
span and zero calibration values and digital points. Conplete |Iogs shall be kept
and shall be available for inspection onsite, denbnstrating that planned and
systematic adjustnents and repairs have been acconplished for the control system

.6.8 Wik Requests

Each service call request shall be recorded as received and shall include the
serial nunber identifying the conponent involved, its location, date and tinme the
call was received, nature of trouble, nanes of the service personnel assigned to
the task, instructions describing what has to be done, the anpbunt and nature of
the materials to be used, the tine and date work started, and the tine and date
of conpletion. A record of the work perforned shall be subnmitted within 5 days
after work i s acconpli shed.

.6.9 Syst em Modi ficati ons

Recommendat i ons for system nodification shall be submtted in witing. No system
nmodi fications, including operating paranmeters and control settings, shall be nade
wi thout prior approval of the Government. Any nodifications nade to the system
shall be incorporated into the operations and nai nt enance nmanual s, and ot her
docunentati on affected

.6.10 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

i ncorporated into operations and nai nt enance manual s, and software docunentati on.
There shall be at |east one schedul ed update near the end of the first year's
warranty period, at which time the [atest rel eased version of the Contractor's
software shall be installed and validated

.7 FACTORY TESTI NG

The Contractor shall assenble the factory test DDC system as specified and shal
performtest to denpbnstrate that the performance of the systemsatisfies the
requi renents of this specification. Mdel nunbers of equipnent 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 shal
be delivered to the Governnent at the conclusion of testing, prior to Governnent
approval of the test. The test results docunmentation shall be arranged so that
conmmands, responses, and data acquired are correlated in a manner which will
allow for logical interpretation of the data

7.1 Factory Test Setup
The factory test setup shall include the follow ng:
a. Central workstation/tester.

b. Printer.
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c. DDC test set.

d. Portable workstation/tester.

e. Communication |inks of each type and speed incl udi ng MODEMs.
f. Dial-up MODEM

g. Software.

PART 2 PRODUCTS

2.

1  GENERAL EQUI PMENT REQUI REMENTS

Units of the sane type of equi pment shall be products of a single manufacturer.
Each maj or conponent of equi prment shall have the nmanufacturer's name and address,
and the nodel and serial nunber in a conspicuous place. Mterials and equi prent
shal | be standard products of a manufacturer regularly engaged in the

manuf acturi ng of such products, which are of a simlar nmaterial, design and

wor kmanshi p.  The standard products shall have been in a satisfactory comercia
or industrial use for two years prior to use on this project. The two years' use
shal | include applications of equi pnent and materials under simlar circunstances
and of simlar size. The two years' experience shall be satisfactorily conpleted
by a product which has been sold or is offered for sale on the commercial narket
t hrough adverti sements, manufacturers' catal ogs, or brochures. Products having

Il 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 excl usive
of the manufacturer's factory tests, can be shown. The equipnent itens shall be
supported by a service organization. |Itens of the same type and purpose shall be
i dentical, including equipnment, assenblies, parts and components. Automatic
tenperature controls shall be direct digital controls that will provide the

requi red sequence of operation.

.11 El ectrical and El ectronic Devices

El ectrical, electronic, and el ectropneunatic devices not |ocated within a DDC
panel shall have a NEMA ICS 1 enclosure in accordance with NEMA 250 unl ess
ot herwi se shown.

.1.2 Standard Signal s

The output of all analog transmitters and the anal og i nput and out put of all DDC
controllers shall manufacturer's standard signals (voltage or current).

.1.3 Anbient Tenperature Limts

DDC panel s shall have anbient condition ratings of 1.7 to 49 degrees C and 10 to
95 percent relative humdity, noncondensing. Devices installed outdoors shal
operate within limt ratings of mnus 37 to plus 66 degrees C. | nstrunent ati on
and control elenents shall be rated for continuous operation under the anbient
envi ronnmental tenperature, pressure, humdity, and vibration conditions specified
or normally encountered for the installed | ocation.

.1.4  Year 2000 Conpliance

Al'l equi prent and software shall be Year 2000 conpliant and shall be able to
accurately process date/tinme data (including, but not limted to, calculating
conparing, and sequencing) from into, and between the twentieth and twenty-first
centuries, including | eap year cal cul ations, when used in accordance with the
product docunentation provided by the contractor, provided that all products
(e.g. hardware, software, firmware) used in conbination with other information
technol ogy, shall accurately process date/tine data if other information
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technol ogy properly exchanges date/time data with it.
.2 TUBING
.2.1 Copper

Copper tubing shall conformto ASTM B 88, ASTM B 88M and shall have sweat
fittings and val ves.

.2.2 St ai nl ess St eel

Stainless steel tubing shall conformto ASTM A 269 and shall have stainl ess steel
conpression fittings.

.2.3 Pl astic

Pl astic tubing shall have barbed fittings and valves. Plastic tubing shall have
the burning characteristics of linear |owdensity polyethyl ene tubing, shall be
sel f-extingui shing when tested in accordance with ASTM D 635, shall have UL 94
V-2 flammability classification, and shall w thstand stress cracking when tested
in accordance with ASTM D 1693. Pl astic-tubing bundles shall be provided with
Myl ar barrier and fl ame-retardant pol yethyl ene jacket.

.3 W Rl NG
.3.1 Ter mi nal Bl ocks

Term nal bl ocks shall be insulated, nodul ar, feed-through, clanp style with
recessed captive screwtype cl anpi ng nmechanism shall be suitable for rail
mounting, and shall have end plates and partition plates for separation or shall
have encl osed si des.

.3.2 Control Wring for 24-Volt Circuits

Control wiring for 24-volt circuits shall be 18 AWG mi ni mrum stranded copper and
shal | be rated for 300-volt service.

.3.3 Wring for 120-Volt Crcuits

Wring for 120-volt circuits shall be 18 AW mini num stranded copper and shall
be rated for 600-volt service.

.3.4 I nstrunent ati on Cabl e

Instrunmentation cable shall be 18 AWG stranded copper, single- or

mul tiple-twisted, mninmumb50 nm lay of twist, 100 percent shielded pairs, and
shall have a 300-volt insulation. Each pair shall have a 20 AW ti nned- copper
drain wire and individual overall pair insulation. Cables shall 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 insulation.

.3.5 Transforners

Step down transforners shall be utilized where control equi pnment operates at
lower than Iine circuit voltage. Transformers, other than transfornmers in bridge
circuits, shall have primaries wound for the voltage avail abl e and secondari es
wound for the correct control circuit voltage. Transformer shall be sized so
that the connected |load is 80 percent of the rated capacity or |ess.

Transformers shall conformto UL 508 and NEMVA ST 1.

.4 ACTUATORS

Actuators shall be pneumatic for air handling unit control valves, zone danpers
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and control dampers (OA, RA, and MA). FElectric actuators may be utilized for

VAV term nal unit valves, exhaust fan danpers, and for fan coil units val ves.

El ectric danper actuators shall directly nount on the danper shaft without

I i nkages and shall have sufficient torque for the application. Actuators shal

be provided with nmounting and connecting hardware. Actuators shall fail to their

spring-return positions on signal or power failure ,except that VAV term nal unit

vol une danper actuators may be of the floating type. The actuator stroke shal

be limted in the direction of power stroke by an adjustable stop. Actuators

shall have a visible position indicator. Actuators shall snoothly open or close

the devices to which they are applied and shall have a full stroke response tine

of 90 seconds or less. Electric actuators shall have an oil-imrersed gear train.
Electric or electronic actuators operating in series shall have an auxiliary

actuator driver. Electric or electronic actuators used in sequencing

appl i cations shall have an adjustable operating range and start point. Pneunatic

actuators shall be rated for 172 kPa operating pressure except for high-pressure

cylinder-type actuators.

.4.1 Val ve Actuators

Val ve actuators shall be selected to provide a m nimum of 125 percent of the
notive power necessary to operate the valve over its full range of operation.

.4.2 Positive Positioners

Positive positioners are required for pneumatic actuators except for multizone
zone control danpers. Each positive positioner shall be a pneumatic relay with a
mechani cal feedback nmechani sm and an adj ustabl e operating range and starting

poi nt.

.5 AUTOVATI C CONTRCL VALVES

Val ves shall have stainless-steel stens and stuffing boxes with extended necks to

clear the piping insulation. Unless otherw se stated, valves shall have gl obe

styl e bodies. Valve bodies shall be designed for not |ess than 862 kPa working

pressure or 150 percent of the system operating pressure, whichever is greater.

Val ve | eakage rating shall be 0.01 percent of rated Kv . Unless otherw se

speci fied, bodies for valves 40 nm and snaller shall be brass or bronze, with

threaded or union ends; bodies for 50 mnmm val ves shall have threaded ends; and

bodi es for valves 50 to 80 nm shall be of brass, bronze or iron. Bodies for

valves 65 mm and | arger shall be provided with flanged-end connections. Valve Kv
shall be within 100 to 125 percent of the Kv shown.

.5.1 Butterfly Val ve Assenbly

Butterfly valves shall be threaded |ug type suitable for dead-end service and
nmodul ation to the fully-closed position, with carbon-steel bodies and
noncorrosi ve discs, stainless steel shafts supported by bearings, and EPDM seats
suitable for tenperatures frommnus 29 to plus 121 degrees C. Val ves shal
have a manual neans of operation independent of the actuator. The rated Kv for
butterfly valves shall be the value Kv at 70% open (60 degrees open).

.5.2 Two- Way Val ves

Two-way nodul ati ng val ves shall have equal - percentage characteristics

.5.3 Thr ee-\Vay Val ves

Three-way val ves shall provide linear flow control with constant total flow
t hroughout full plug travel

.5.4 Duct-Coil and Term nal -Unit-Coil Val ves

Control valves with either flare-type or solder-type ends shall be provided for
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duct or terminal-unit coils. Flare nuts shall be furnished for each flare-type
end val ve

.5.5 Val ves for Chilled-Water Service

Internal valve trimshall be bronze except that valve stens may be type 316
stainless steel. Valve Kv shall be within 100 to 125 percent of the Kv shown.
Val ves 100 mm and | arger shall be butterfly.

.5.6 Val ves for Hot-Water Service

For hot water service bel ow 122 degrees C and dual -tenperature service, interna
trim (including seats, seat rings, nodulating plugs, and springs) of valves
controlling water hotter than 99 degrees C shall be Type 316 stainless steel
Internal trimfor valves controlling water 99 degrees C or less shall be brass
or bronze. Nonnetallic parts of hot-water control valves shall be suitable for a
m ni mum conti nuous operating tenperature of 121 degrees C or 28 degrees C above
the system desi gn tenperature, whichever is higher. Valves 100 nm and | arger
shall be butterfly val ves.

.6  DAMPERS
.6.1 Danmper Assenbly

A singl e danper section shall have blades no longer than 1.2 neters and shal

be no higher than 1.8 neters. Maxi mum danper bl ade wi dth shall be 203 mm
Larger sizes shall be nmade from a conbi nati on of sections. Danpers shall be
steel, or other materials where shown. Flat blades shall be nade rigid by
folding the edges. Bl ade-operating |inkages shall be within the frane so that

bl ade- connecti ng devices within the same danper section shall not be |ocated
directly in the air stream Danper axles shall be 13 nm mninum plated stee
rods supported in the danmper franme by stainless steel or bronze bearings. Bl ades
mounted vertically shall be supported by thrust bearings. Pressure drop through
danpers shall not exceed 10 Pa at 5.1 nis in the w de-open position. Frames
shall not be less than 50 mm in width. Danpers shall be tested in accordance
w th AMCA 500

.6.2 Qperating Links

Operating links external to danpers, such as crankarnms, connecting rods, and |ine
shafting for transmtting notion from danper actuators to danpers, shal

withstand a | oad equal to at |east tw ce the nmaxi numrequired danper-operating
force. Rod lengths shall be adjustable. Links shall be brass, bronze,
zinc-coated steel, or stainless steel. Wrking parts of joints and cl evi ses
shal | be brass, bronze, or stainless steel. Adjustnents of crankarns shal

control the open and cl osed positions of danpers.

.6.3 Danper Types
Danpers shall be parallel-blade type
.6.3.1 Qutside Air, Return Air, and Relief Air Danpers

Qutside air, return air and relief air danpers shall be provi ded where shown.

Bl ades shall have an airfoil shape with interlocking edges and shall be provided
with conpressible seals at points of contact. The channel franmes of the danpers
shall be provided with janb seals to mnimze air | eakage. Danpers shall not
leak in excess of 36 L/s per square neter at 1000 Pa static pressure when
closed. Seals shall be suitable for an operating tenperature range of mnus 40
to plus 94 degrees C Danpers shall be rated at not less than 10 mis air

vel ocity.

2.6.3.2 Mechani cal and El ectrical Space Ventil ation Danpers
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Mechani cal and el ectrical space ventilation danpers shall be as shown. Danpers
shall not leak in excess of 102 L/s per square neter at 1000 Pa static
pressure when closed. Danpers shall be rated at not less than 7.6 nis air

vel ocity.

.6.4 Danper End Swi tches

Each end switch shall be a hernetically sealed switch with a trip |lever and
over-travel mechanism 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.

.7  SMKE DETECTORS

Duct snoke detectors shall be provided in supply and return air ducts in
accordance with NFPA 90A. Duct snoke detectors shall conformto the requirenents
of UL 268A. Duct snoke detectors shall have perforated sanpling tubes extended
into the air duct. Detector circuitry shall be nounted in a netallic enclosure
exterior to the duct. Detectors shall have manual reset. Detectors shall be
rated for air velocities that include air flow between 2.5 and 20 nis.

Detectors shall be powered fromthe 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 alarm
panel for alarminitiation. A renbte annunciation |anp and accessible renote
reset switch shall be provided for duct detectors that are nounted ei ght feet or
nore above the finished floor and for detectors that are not readily visible.
Renote | anps and switches as well as the affected fan units shall be properly
identified in etched rigid plastic placards. Coordinate the requirements of duct
detectors with the Fire Alarm System manufacturer for conpatibility.

.8 | NSTRUMVENTATI ON
.8.1 Measur ement s

Transmitters shall be calibrated to provide the foll owi ng nmeasurenents, over the
i ndi cated ranges, for an output of 4 to 20 nmAdc:

a. Conditioned space tenperature, from 10 to 30 degrees C .

b. Duct tenperature, from5 to 60 degrees C .

c. Hgh-temperature hot-water tenperature, from94 to 260 degrees C .
d. Chilled-water tenperature, frommnus 1 to plus 38 degrees C.

e. Dual-tenmperature water, frommnus 1 to plus 116 degrees C .

f. Heating hot-water tenperature, from10 to 121 degrees C.

g. Condenser-water tenperature, frommnus 1 to plus 55 degrees C .
h. Qutside-air tenperature, frommnus 35 to plus 55 degrees C .

i. Relative humidity, O to 100 percent for space and duct high-limt
appl i cations.

j. Differential pressure for VAV supply-duct static pressure fromO to 500
Pa .

k. Pitot-tube air-flow neasurenent station and transmtter, fromO to 25 Pa

for flow velocities of 3.5to 6 mls , 0to 60 Pa for velocities of 3.5 t0 9 nis ,
or 0 to 125 Pa for velocities of 3.5 to 13 m's .
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|. Electronic air-flow neasurenent station and transmtter, fromO0.6 to 13
ms .

.8.2 Tenperature | nstrunents
.8.2.1 Resi st ance Tenperature Detectors (RTD)

Temperature sensors shall be 1000 ohnms 2-wire RTD. Each RTD shall be platinum
with a tolerance of 0.30 degrees C at 0 degrees C and shall be encapsul ated in
epoxy, series 300 stainless steel, anodized alum num or copper

.8.2.2 Cont i nuous Averagi ng RTD

Conti nuous averagi ng RTDs shall have a tol erance of plus or mnus 0.5 degrees C
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 el enment shall have a bendabl e copper sheath. Each
averagi ng RTD shall be furnished with an RTD transmitter to match the resistance
range of the averagi ng RTD.

.8.3 El ectronic Airflow Measurenent Stations and Transmitters
.8.3.1 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 num casing. The velocity sensing el ements shall be of the
RTD or thermi stor type, producing a tenperature conmpensated output. The sensing
el ements shall be distributed across the duct cross section in the quantity and
pattern specified by the published application data of the station manufacturer
The resistance to air flow through the airfl ow nmeasurenent station shall not
exceed 20 Pa at an airflow of 10 m's. Station construction shall be suitable
for operation at airflows of up to 25 nis over a tenperature range of 4 to 49
degrees C, and accuracy shall be plus or minus three percent over a range of 0.6

to 12.5 ms . In outside air neasurenent or in lowtenperature air delivery
applications, the station shall be certified by the manufacturer to be accurate
as specified over a tenmperature range of mnus 29 to plus 49 degrees C In

outside air neasurenent applications,the air flow straightener shall be
constructed of 3 nm al um num honeyconb and the depth of the straightener shal
not be less than 40 nm

.8.4 Differential Pressure Instrunents

The instrunment shall be a pressure transmitter with an integral sensing el enent.
The instrument over pressure rating shall be 300 percent of the operating
pressure. The sensor/transmtter assenbly accuracy shall be plus or mnus two
percent of full scale. The transnmitter shall be a two-wire, |oop-powered device
The transmitter shall produce a |linear 4-to-20 mAdc output corresponding to the
requi red pressure neasurenent.

.8.5 Ther nowel | s

Thernowel I s shall be Series 300 stainless steel with threaded brass plug and
chain, 50 mm | aggi ng neck and extension type well. Inside diameter and
insertion length shall be as required for the application

.8.6 Sunshi el ds

Sunshiel ds for outside air tenmperature sensing elenents shall prevent the sun
fromdirectly striking the tenperature sensing elenents. The sunshields shall be

provi ded with adequate ventilation so that the sensing el ement responds to the
anbi ent tenperature of the surroundings. The top of each sunshield shall have a
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gal vani zed netal rainshield projecting over the face of the sunshield. The
sunshi el ds shall be painted white.

.8.9 Space Carbon Di oxi de (CQ2) Sensors

CO2 sensors shall be wall or return duct nounted infrared absorption sanpling
type with a neasurenent range fromO to 2000 ppm plus or mnus 75 ppm
Qperating tenperature shall be 0 to 50 degree C, 5 to 95% relative humdity.
Sensor shall only require calibration every 3 years. Device shall have integral
transmtter providing a proportional 4 - 20 nA signal scaled to range of sensor
and shall have a response tine of less than 90 seconds. Instrument nust be
designed to protect the sensing el enent fromdust accunul ati on and mechani cal
danage.

.8.10 Qutside Air CO2 Sensors

CO2 sensors shall be duct nounted infrared absorption sanpling type with a
neasurenent range fromO to 2000 ppm plus or minus 100 ppm Operating
tenmperature shall be -25 to 45 degree C, 5 to 95%relative humdity. Sensor
shall only require calibration every 3 years. Device shall have integral

transnmtter providing a proportional 4-20mA signal scaled to range of sensor. |In
lieu of this sensor, a space C2 sensor downstream of the heating coil in a 100%
outdoor air unit nay be provided. Instrunment nmust be designed to protect the

sensi ng el enent from dust accunul ati on and nechani cal danmge.

.9 THERMOSTATS

Thernostat ranges shall be selected so that the setpoint is adjustable wthout
tools between plus or mnus 5 degrees C of the setpoint shown. Thernostats
shall be electronic or electric.

.9.1 Nonnodul ati ng Room Ther nost ats

Contacts shall be single-pole double-throw (SPDT), hernetically sealed, and wired
to identified termnals. Maxinmumdifferential shall be 3 degrees C Room
thernostats shall be enclosed with separate | ocking covers (guards).

.9.2 Tenperature Switches

Temperature switches shall have a repetitive accuracy of plus or minus 1 percent
of the operating ranges shown. Switch actuation shall be adjustable over the
operating tenperature range. The switch shall have a snap-action Form C cont act
rated for the application.

.9.3 Nonnodul ating Capillary Aquastats

Each aquastat shall have a capillary length of at |east 1500 mm, shall have

adj ustabl e direct-reading scales for both setpoint and differential, and shall
have a differential adjustable from3 to 9 degrees C Aquast ats shall be of the
strap on type, with 5 degrees C fixed differential.

.9.4 Freezestats

Freezestats shall be automatic reset, |ow tenperature safety thernostats, with NO
and NC contacts and a 6000 mm el enment which shall respond to the col dest 450 mm
segnent .

.9.5 Fan-Coi|l Unit Room Thernobstats

Fan-coil unit thernostats in personnel |iving spaces shall be of the | ow voltage

type with locking covers. Electrical rating shall not exceed 2.5 anperes at 30

volts ac. Housing shall be corrosion resisting nmetal or nol ded plastic.
Transformer and fan relay shall be provided for the proper operation of each
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thernostatic control systemas necessary to suit the design of the control system
using the thernostats specified below Either separate heating thernpstats and
separate cooling thernostats or dual elenment heating cooling thernostats nay be
provi ded. Mdtor speed switches shall be provided for three-speed fan control.

.9.5.1 Conbi nati on Ther nost at

Fan coil unit conbi nati on heating-cooling thernbstats shall be provided with
separate tenperature sensing elenents for each system and shall have a

singl e-pole, single-throw (SPST) switch, hernetically seal ed and actuated by a
binetallic or bellows type element. Each elenment shall operate switches to

provi de single stage control for heating and cooling. Scales and ranges shall be
as specified for individual thernbstats. Thernostats shall contain, or a subbase
shal | be provided which contains, selector switches for Heat-Off-Cool. A
changeover controller providing automatic summrer-w nter changeover for
thernostats by sensing the supplied fluid tenperature shall be provided. A
limted range heating-cooling dead band thernostat shall control cooling when
tenmperature is above the upper setpoint and heating when tenperature is bel ow the
| ower setpoint and shall have a dead band, with no heating or cooling, when
temperature is between the setpoints. Setpoint adjustnent shall be conceal ed

.10 PRESSURE SW TCHES AND SCOLENA D VALVES
.10.1 Pressure Switches

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

.10.2 D fferential -Pressure Swi 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 shall not be in the upper
or lower quarters of the range and the range shall not be nore than three tines
the setpoint. Differential shall be a maximumof 35 Pa at the |ow end of the
range and 85 Pa at the high end of the range.

.10.3 Pneumatic Electric (PE) Switches

Each switch shall have an adjustable setpoint range of 20 to 140 kPa with a
switching differential adjustable from 15 to 35 kPa . The switch action shall be
SPDT.

.10. 4 Sol enoi d- Oper at ed Pneumatic (EP) Val ves

Each val ve shall have three-port operation: comon, nornmally open, and nornally
cl osed. Each valve shall have an outer cast al um num body and internal parts of
brass, bronze, or stainless steel. The air connection shall be a 10 nm NPT

t hreaded connection. Valves shall be rated for 345 kPa when used in a contro
systemthat operates at 172 kPa or less, or 1035 kPa when used in a contro
systemthat operates in the range of 172 to 690 kPa.

.11 | NDI CATI NG DEVI CES

.11.1  Thernoneters

Mercury shall not be used in thernoneters

.11.1.1 Syst em Ther noneters

Thernoneters shall have brass, nalleable iron or alum numalloy case and frane,
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clear protective face, permanently stabilized glass tube with indicating-fluid
colum, white face, black nunbers, and a 230 nmscale. Thernoneters for piping
systens shall have rigid stens with straight, angular, or inclined pattern.

.11.1.2 Ther noneter Stens

Thernonmet er stens shall have expansion heads as required to prevent breakage at
extrene tenperatures. On rigid-stemthernoneters, the space between bulb and
stemshall be filled with a heat-transfer nedi um

.11.1.3 Air-Duct Thernoneters

Non- averagi ng air-duct thernonmeters shall have perforated stem guards.
Thernonmet ers shall have 45-degree adjustable duct flanges w th | ocking nechani sm

.11.1. 4 Accur acy

Thernonmeters shall have an accuracy of plus or mnus one percent of scale range
Thernoneters shall have a range suitable for the application.

.11.2 Pressure Gauges

CGauges shall be 50 mm (nom nal) size, back connected, suitable for field or
panel nounting as required, shall have bl ack | egend on white background, and
shall have a pointer traveling through a 270-degree arc. Accuracy shall be plus
or minus three percent of scale range. Gauges shall neet requirenents of ASME
B40. 1

.11.2.1 Pneumati ¢ Act uat or Gauges

CGauges for indicating signal output to pneunatic actuators shall have an outer
scale of 21 to 103 kPa in 7 kPa graduations

.11.2.2 Air Storage Tank and Filter and Dryer Gauge

CGauges for air storage tanks or for use before and after dirt and oil filters or
dryers, shall have a scale of 0 to 1100 kPa w th 20 kPa graduations

.11.2.3 Hydroni ¢ Syst em Gauges

CGauges for hydronic system applications shall have ranges suitable for the
application

.11.3 Low Differential Pressure Gauges

CGauges for low differential pressure measurenents shall be a minimum of 90 mm
(nominal) size with two sets of pressure taps, and shall have a

di aphragm actuated pointer, white dial with black figures, and pointer zero
adjustnment. Gauges shall have ranges and graduati ons as shown. Accuracy shall
be plus or mnus two percent of scal e range.

.12  CONTROL DEVI CES AND ACCESSCRI ES
.12.1 Rel ays

Control relay contacts shall have utilization category and ratings selected for
the application, with a mnimmof two sets of contacts (two nornally open, two
normal |y cl osed) enclosed in a dustproof enclosure. Relays shall be rated for a
mnimumlife of one mllion operations. Operating time shall be 20 mlliseconds
or less. Relays shall be equipped with coil transient suppression devices to
limt transients to 150 percent of rated coil voltage. Tine delay relays shal
be 2PDT with eight-pin connectors, dust cover, and a matching rail-nounted
socket. Adjustable timng range shall be 0 to 5 minutes. Power consunption
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shall not be greater than three watts
.12.2 Current to Pneumatic (IP) Transducers

The transducers shall be two-wire current-to-pressure transnmitters that convert a
4-10-20 mAdc input signal to a 21 to 103 kPa (3 to 15 psig) , or a 103 to 21 kPa
(15 to 3 psig) , pneunatic output, with a conversion accuracy of plus or mnus
two percent of full scale, including linearity and hysteresis. |nput inpedance
shal |l not exceed 250 ohms. Air consunption shall not be greater than 0.12 L/s.

.12.3 Joul e or Watthour Meters

Joule nmeters shall be in accordance with ANSI Cl2.1 and have pul se initiators
for remote monitoring of Joule consunption. Pulse initiator shall consist of
formC contacts with a current rating not to exceed two anperes and vol t age not
to exceed 500 V, with conbinations of VA not to exceed 100 VA, and a life rating
of one billion operations. Meter sockets shall be in accordance with ANSI Cl12.1.

.12. 4 Current Sensing Relays (Current Sw tches)

Current sensing relays shall provide a nornally-open contact rated at a m ni num
of 50 volts peak and 1/2 anpere or 25 VA, noninductive. There shall be a single
hol e for passage of current carrying conductors. The devices shall be sized for
operation at 50 percent rated current based on the connected |oad. Voltage

i sol ation shall be a mininmmof 600 volts

.12.5 Power - Li ne Conditioners (PLC)

Power line conditioners shall be furnished for each DDC panel. The PLCs shal
provi de both voltage regul ati on and noi se rejection. The PLCs shall be of the
ferro-resonant design, with no noving parts and no tap switching, 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 follows:

a. At 85 percent |oad, the output voltage shall not deviate by nore than
plus or mnus one percent of nom nal when the input voltage fluctuates between
m nus 20 percent to plus 10 percent of nom nal

b. During |oad changes of zero to full |oad, the output voltage shall not
deviate by nore than plus or mnus three percent of nom nal voltage. Ful
correction of load 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 full | oad
.13  COWPRESSED Al R STATI ONS
.13.1 Air Conpressor Assenbly

The air conpressor shall be a high pressure conpressing unit with electric notor.
The compressors shall be of the oil-less type and shall be equi pped with a notor
with totally enclosed belt guard, an operating-pressure switch, safety relief

val ves, gauges, intake filter and intake silencer, and conbination type nagnetic
starter with undervoltage protection and thermal -overl oad protection for each
phase, and shall be supported by a steel base nounted on an air storage tank.

The air conpressor shall provide the conpressed air required for contro

operation while operating not nore than one-third of the time. The air storage
tank shall be fabricated for a working pressure of not |less than 1380 kPa, and
constructed and certified in accordance with ASME BPVC SEC VIII Dl. The tank
shall be of sufficient volume so that no nore than six conpressor starts per hour
are required with the starting pressure switch differential set at 140 kPa. The
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tank shall be provided with an automatic condensate drain trap with nanua
override feature. A second (duplex arrangenent) conpressor of capacity equal to
the primary conpressor shall be provided, with interlocked control to provide
aut omati ¢ changeover upon nal function or failure of either conpressor. A nmanua
selector switch shall be provided to index the | ead conpressor including the

aut omat i ¢ changeover.

.13.2 Conpressed Air Station Specialties
.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 full delivery capacity of
the conpressor. The air shall be dried at a pressure of not |ess than 483 kPa
to a tenperature not greater than 2 degrees C. The dryer shall be provided with
an automatic condensate drain trap with manual override feature. The refrigerant
used in the dryer shall be one of the fluorocarbon gases and have an Qzone

Depl etion Potential of not nore than 0.05. A five micron prefilter and

coal escing-type 0.03 micron oil renoval filter with shut-off valves shall be
provided in the dryer discharge. Each filter bowl shall be rated for 1034 kPa
maxi mum wor ki ng pressure. A pressure regulator, with high side and | ow side
pressure gauges, and a safety valve shall be provi ded downstreamof the filter.
Pressure regulators of the relieving type shall not be used

.13.2.2 Fl exi bl e Pi pe Connecti ons

The fl exi bl e pipe connectors shall be designed for 1034 kPa and 120 degree C
service, and shall be constructed of rubber, tetrafl uoroethylene resin, or
brai ded corrosion-resistant steel, bronze, nonel, or gal vanized steel. The
connectors shall be suitable for the service intended and may have threaded or
sol dered ends. The length of the connectors shall be as recommended by the
manuf acturer for the service intended

.13.2.3 Vibration Isolation Units

The vibration isolation units shall be standard products with published | oading
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 I SA S7.0.01. Air lines for
pneumatic controls shall be seanl ess copper tubing. Air lines shall be conceal ed
except in mechanical roons and other areas where other tubing and piping is
exposed. Air lines in exposed and conceal ed | ocations, free standing or encl osed
in the conduit or other protective coverings, shall be run parallel to the
building lines and shall be adequately supported fromthe building structure, at
|l east every 2 m horizontally and every 2.5 m vertically. Copper tubing shal

be hard-drawn in exposed areas and either hard-drawn or anneal ed in conceal ed
areas. Only tool-made bends shall be used. Fittings for copper tubing shall be
brass or copper solder joint type except at connections to apparatus, where
fittings shall be brass conpression type. Nonnetallic tubing shall be conpounded
from pol yet hyl ene, neeting the stress crack test of ASTM D 1693. Nonnetallic

i ndi vi dual tube polyethylene or multitube instrunent tubing bundle shall be
classified as flane retardant under UL 94. The pol yethyl ene naterial shall be
rated as sel f-extinguishing when tested in accordance with ASTM D 635. Air
lines concealed in walls shall be hard-drawn copper tubing or nonnetallic tubing
inrigid conduit. Terminal single lines shall be hard-drawn copper tubing

except when the run is less than 300 mm in length, flexible polyethylene may be
used. Air lines shall be tested periodically for |leaks during installation. Air
lines shall be purged of dirt, inpurities and noisture before connecting to the
control equipnent. Fittings for nonnetallic tubing shall be for instrunent
service and may be brass or acetal resin of the conpression or barbed push-on
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type. Air lines shall be nunber coded or col or coded and keyed to the submtta
drawi ngs for future identification and servicing the control system

.14 DI RECT DI G TAL CONTROL (DDC) HARDWARE

Al'l functions, constraints, data base paraneters, operator devel oped prograns and
any other data shall be downl oadable froma portable workstation/tester or the
central workstation/tester to network control panels, RIUs, universa
programmuabl e controllers, and unitary controllers. Download shall be
acconpl i shed through both the primary network and the | ocal DDC portabl e

wor kst ati on/tester port.

.14.1 Net wor k Control Pane

Net wor k control panels shall be mcroconputer-based with sufficient nenmory
provided to performall specified and shown network control panel functions and
operations, including spare capacity for all spares and its |I/O functions
specified. Each network control panel and renote I/Ounits (RIU shall have a
m ni mum of 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 sane proportion as the

i mpl emrented 1/O functions on the panel, but in no case shall there be |ess than
two spare points of each type. The panel 1/0O 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/O function, whether physically nmounted in the enclosure
or separately mounted. Inplenmentation of spare points shall necessitate only
providing the additional field sensor or control device, field wiring including
connection to the system and point definition assignment by the operator using
the central workstation/tester or portable workstation/tester. The panel shal
contain all necessary |I/O functions to connect to field sensors and contro
panels. /O function operation shall be fully supervised to detect 1/O function
failures. Network control panels shall operate in an independent stand-al one
nmode, which is defined as all network control panel operations perfornmed by the
network control panel w thout any continuing input fromother Direct digita
controls or portable workstation/tester. The network control panel shall be
capable of controlling a mx of at least 32 RIUs, unitary controllers, and

uni versal programmabl e controllers.

.14.1.1 Integral Features

The network control panel shall include
a. Main power switch.
b. Power on indicator.

c Portabl e workstation/tester port, connector, and if necessary power

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
whi ch the switch shall be nmounted at the notor control center. On-Of-Auto
switches are not required for DO associated with a status or alarmsuch as pil ot
lights. The status of these switches shall be available to the panel for further
processi ng.

f. Mninmm Mxi mum Auto switches, or Auto-Manual switches w th nanua
out put override, for each AOO The status of these shall be available to the
panel for further processing

g. An intrusion detection device, connected as an al arm
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2.14.1.2 Comuni cation Interfaces
The followi ng conmuni cation capabilities shall function simnultaneously.

a. Manufacturers Control Network. Manufacturers control network
conmuni cations interfaces for each data transm ssion systens (DIS) circuit
bet ween network control panels and RIUs, unitary controllers, and universa
programuabl e controllers, shall be provided. Conmunication interfaces shall be
provi ded between each network control panel and associated I/0O functions. The
DTS will provide for transm ssion speeds necessary to conply w th performance
requi renents specified. DTS equipnment shall be installed in the network contro
panel encl osure

b. Portable Wrkstation/ Tester Port. A comunications port for interfacing
to a portable workstation/tester shall be provided. Network control pane
wor kst ation/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. Primary Network Port. The network control panel shall either have a
built in primary network Port or be capable of accepting a primry network port
expansion card for future networking to a base wide utility nmonitoring and
control system (UMCS). The primary network port expansion card shall be either
Et hernet (I EEE802.3) or ARCNET.

2.14.1.3 Menory and Real Tinme O ock (RTC) Backup

The network control panel menmory and real tinme clock functions shall continue to
operate for a mnimumof 72 hours in the event of a power failure. |If
rechargeabl e batteries are provided, automatic charging of batteries shall be
provi ded. Wenever a either a permanent workstation/tester or portable

wor kstation/tester is monitoring the network control panel, a low battery alarm
message shall be sent to it.

2.14.1. 4 Dupl ex Qutl et

A singl e phase, 120 Vac electrical service outlet for use with test equi pnent
shall be furnished either inside or within 2 meters of the network control panel
encl osur e.

2.14.1.5 Locki ng Encl osures

Locki ng type nounting cabinets with conmon keying shall be furnished for each
network control panel

2.14.1.6 Fai | ure Mbde

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. Manufacturers Control Network Failure: Upon failure of the
manuf acturers control network, the network control panel shall operate in an
i ndependent st and- 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
conmuni cations with other network control panels, R Us, unitary controllers and
uni versal programmabl e controllers connected to the affected network contro
panel. The affected network control panel shall respond to this failure as
speci fi ed and shown.

2.14.2 R U
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The RIU shall be functionally a part of the network control panel as specified,
but may be renotely located fromthe network control panel and conmuni cate over a
dedi cat ed comuni cation circuit. Wen renotely located, the I/0O functions shal
be subject to the sanme requirements as for the network control panel hardware

Rl Us shall be used to connect renote inputs and outputs to a network contro

panel and shall contain all necessary |I/O functions to connect to field sensors
and control devices. RIU operation shall be fully supervised by the network
control panel to detect failures. Each RIU shall have a mnimmof 10 %of its
I/O functions as spare capacity. The type of spares shall be in the sane
proportion as the inplemented 1/O functions on the RIU, but in no case shal

there be I ess than two spare points of each type. The RIU 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/O function, whether physically nmounted in the enclosure
or separately mounted. |Inplementation of spare points by others shall require
only providing the additional field sensor or control device, field wiring

i ncludi ng connection to the system and point 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 Integral Features
The RIU shall include:
a. Min power switch.
b. Power on indicator.

c Portabl e workstation/tester port, connector, and if necessary power

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 which the
switch shall be nounted at the notor control center. On-Of-Auto switches are
not required for DO associated with a status or alarmsuch as pilot lights. The
status of these switches shall be available to the RIU for further processing.

f. Mninmum Maxi num Aut o switches, or Auto-Manual sw tches with nanua
out put override, for each AO The status of these shall be available to the
panel for further processing

g. An intrusion detection device, connected as an al arm

2.14.2.2 Dupl ex Qutl et

A single phase, 120 Vac electrical service outlet for use with test equi pnent
shal | be furnished either inside or within 2 meters of the RIU

2.14.2.3 Locki ng Encl osures
Locki ng type nounting cabinets with conmon keying shall be furnished for each R 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 node shown.

2.14.3 Uni ver sal Progranmabl e Controller (UPC)
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The uni versal progranmabl e controller shall be a m croprocessor based controller
desi gned and programmed to control and nonitor systenms as shown. Resident
prograns shall be contained in reprogranmabl e nonvolatile menory. Each universal
programabl e controller shall contain necessary power supplies, transforners,
menory, |/O functions and comuni cations interfaces necessary to performits
required functions and to provide control and nonitoring of connected equi pnent

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/0
function failures. It shall provide for operation as a device connected to the

systemvia the manufacturers control network.

.14.3.1 Integral Features

The uni versal progranmable controller shall include as a m ni num
a. Main power switch.
b. Power on indicator.

c Portabl e workstation/tester port, connector, and if necessary power

d. Manufacturers control network port.

e. /O functions
(1) 8 D
(2) 4 DO
(3) 8 Al
(4) 4 AO
(55 1 PA

f. On-Of-Auto switches for each DO which controls a device. These
switches shall be mounted in the universal progranmmable controller, with the
exception of notors, for which the switch shall be nounted 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 panel for further processing.

g. M ninmum Maxi mum Aut o swi tches, or Auto-Mnual switches w th manual
out put override, for each AO The status of these shall be available to the
panel for further processing.

.14.3.2 Cormmuni cation I nterfaces

The UPC shall have the follow ng conmuni cation capabilities which shall function
si mul t aneousl y.

a. Mnufacturers Control Network. The manufacturers control network
conmuni cations interface for a data transm ssion systens (DIS) circuit between
the UPC and a network control panels shall be provided. The DTS will provide for
transni ssi on speeds necessary to conply with performance requirenents specified.
DTS equi prent shall be installed in the UPC Panel encl osure.

b. Portable Wrkstation/ Tester Port. A comunications port for interfacing
to a portable workstation/tester shall be provided. A UPC 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.
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2.14.3.3 Menmory and RTC Backup

The UPC nenory and real tinme clock functions shall continue to operate for a

m ni mum of 72 hours in the event of a power failure. |If rechargeable batteries
are provided, automatic charging of batteries shall be provided. Wenever a
either a permanent workstation/tester or portable workstation/tester is
nmonitoring the network control panel, a |ow battery al arm nessage shall be sent
toit.

2.14. 3.4 Speci fic Requirenents

Each uni versal programable controller shall be accessible for purposes of
application selection, control paraneters, set point adjustnent, and nonitoring
fromany DDC controller connected to the same nmanufacturers control network as
the universal progranmable controller. This shall be done using a portable

wor kst ation/tester connected to a portable workstation/tester port either
directly or via nodem

2.14.3.5 Locki ng Encl osures

Locki ng type nounting cabinets with conmon keying shall be furnished for each
encl osur e.

2.14.3.6 Fai | ure Mbde

Upon failure of the universal programmable 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, dedicated
pur pose controller, conmunicating with the network control panel, designed and
programmed to control air distribution system m xi ng boxes, term nal units, heat
punps, fan coil units, self-contained DX units or VAV boxes. Each unitary
controller shall contain resident prograns in nonvolatile nenory for each
specific application inplenmented. Each unitary controller shall contain
necessary power supplies, transformers, nenory, 1/0O functions and conmuni cati ons
interfaces necessary to performits required functions and to provide control and
nmoni toring of connected equi pnent and devices. It shall contain all necessary
I/O functions to connect to field sensors and controls. 1/0O 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 manufacturers contro
net wor k.

2.14. 4.1 Integral Features

The unitary controller shall include

a. Main 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 inplenent 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 nounted at the notor control center. On-Of-Auto

switches are not required for DO associated with a status or alarmsuch as pil ot
lights. The status of these switches shall be available to the panel for further
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processi ng.

g. M ninmum Maxi mum Aut o swi tches, or Auto-Mnual swi tches with manua
out put override, for each AO The status of these shall be available to the
panel for further processing

.14. 4.2 Comruni cation Interfaces

The unitary controller shall have the follow ng conmuni cation capabilities which
shal | function sinultaneously.

a. Mnufacturers Control Network. The manufacturers control network
conmuni cations interface for a data transm ssion systens (DIS) circuit between
the unitary controller and a network control panel shall be provided. The DTS
will provide for transm ssion speeds necessary to conply with performance
requi renents specified. DTS equipment shall be installed in the unitary contro
panel encl osure

b. Portable Wrkstation/ Tester Port. A comunications port for interfacing
to a portable workstation/tester shall be provided. A unitary controller
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 the
panel . For unitary controller applications where the controller is not nounted
in an encl osure, such as for fan-coil units or VAV terminal units, a portable
conversi on device for an RS-232 connection to the portable workstation/tester may
be provi ded.

.14.4.3 Speci fic Requirenents

Unitary controller conponents for new air distribution termnal units shall be
furnished to the air distribution terminal unit manufacturer for factory mounting
and calibration. Existing air distribution termnal units shall be controlled by
field installed unitary controllers.

a. Accessibility and Interfaces: Each unitary controller shall be
accessi ble for purposes of application selection, control paraneters, set point
adjustnent, and nonitoring using a portable workstation/tester connected to the
manuf acturers control network. They shall also be accessible with a portable
wor kst ation/tester connected to the unitary controller portable
wor kst ati on/tester port.

b. Ar Distribution Termnal 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
m croprocessor-based controller. The roomtenperature sensor shall have occupant
set poi nt adjustnent and tenperature display, tined override of unoccupi ed npbde
and a comuni cation port. 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 danmper and the
heating coil to maintain conditions in the space

c. Ar Distribution Terminal Unit Controls - Pressure |Independent with
Recirculating Fan: Controls for pressure-independent boxes with recircul ating
fans shall consist of a transducer for connection to the velocity-sensing device
provided by the termnal unit supplier in the prinmary air entering the termna
unit, a roomtenperature sensing el enent, a danper actuator, an adjustable
m croprocessor-based termnal unit controller, and a switch to operate the
recirculation fan, provided by the term nal unit supplier. The roomtenperature
sensor shall have occupant setpoint adjustnent and tenperature display, tinmed
override of unoccupi ed node, and a conmuni cation port. The controller shal
operate the damper for cooling and shall provide outputs for controlling the
recirculation fan and duct heating coil in sequence for heating
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d. Ar Distribution Terminal Unit Danper Actuator: Air distribution
term nal unit danper actuator shall open or close the device to which it is
connected within 60 seconds.

.14.4. 4 Fai | ure Mbde

Upon failure of the unitary controller, it shall revert to the failure node of
operation as shown.

.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, nonitoring,
and safety equi pment functions provided by the chiller manufacturer's contro
panel (s) (two communi cations ports total). The chiller control pane
instrunentati on and control ranges and accuraci es shall match those of the
chiller manufacturer's control devices. The chiller panel shall have a

conmuni cation port for interface to a Portable Wrkstation/ Tester through either
the Manufacturers Control Network or nodem for chiller(s) start/stop, chilled
wat er tenperature reset, and nonitoring of chiller operating status, alarns, and
power consunpti on.

.14.6 Boi |l er Control Pane

Boi | er control panel shall be m croprocessor-based and shall provide, both
locally and through the Manufacturers Control Network, the control, nonitoring,
and safety equi pnent functions provided by the boiler manufacturer's contro
panel (s) (two comuni cations ports total). The boiler control pane

i nstrunentation and controls ranges and accuraci es shall match those of the
boi l er manufacturer's control devices. The boiler panel shall have a

conmuni cation port for interface to a Portable Wrkstation/Tester through either
the Manufacturers Control Network or nodem for boiler(s) and start/stop, boiler
wat er tenperature reset, and nonitoring of boiler operating status, alarns.

.14. 7 I/ O Functions
.14.7.1 DDC Hardware |/ O Functions

I/ O Functions shall be provided as part of the DDC system and shall be in
accordance with the follow ng:

a. The analog input (Al) function shall nonitor each anal og i nput, perform
A-to-D conversion, and hold the digital value in a buffer for interrogation. The
A-to-D conversion shall have a m ninumresolution of 10 bits plus sign. Signa
condi tioning shall be provided for each analog input. Analog inputs shall be
individually calibrated for zero and span, in hardware or in software. The Al

shal | incorporate commobn node noise rejection of 50 dB fromO to 100 Hz for
differential inputs, and nornmal nobde noise rejection of 20 dB at 60 Hz from a
sour ce i mpedance of 10,000 ohns. |Input ranges shall be within the range of
4-t0-20 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-t0-20 mAdc. D-to-A
conversion shall have a m ninumresolution of eight bits plus sign. Analog
outputs shall be individually calibrated for zero and span. Short circuit
protection on voltage outputs and open circuit protection on current outputs
shal | be provided. An individual gradual switch for manual override of each
anal og out put and means of physically securing access to these switches shall be
provi ded. Each AO shall have a three-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 output (manual control or automatic). Switches for pneunmatic
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control outputs shall provide a connection for an externally generated pneunatic
signal. Al switches shall be either of a key operated design with the sanme
keyi ng system used for other outputs or otherwi se suitably protected from

unaut hori zed access .

c. The digital input (DI) function shall accept on-off, open-close, or
ot her change of state (two state data) indications. Isolation and protection
agai nst an applied steady-state voltage up to 180 Vac peak shall be provided.

d. The digital output (DO function shall provide contact closures for
nmonent ary and nai ntai ned operation of output devices. dosures shall have a
m ni mum duration of 0.1 second. DO relays shall have an initial breakdown
vol t age between contacts and coil of at |east 500 V peak. El ectronmagnetic
i nterference suppression shall be furnished on all output lines to limt
transients to nondamagi ng |l evels. Protection against an applied steady-state
voltage up to 180 Vac peak shall be provided. M ninmumcontact rating shall be
one anpere at 24 Vac. Key |ocked HOA switches shall be provided for manua
override of each digital output. Feedback shall be provided to the systemas to
the status of the output (manual control or automatic). Sw tches shall be conmon
keyed .

e. The pul se accumul ator function shall have the same characteristics as
the DI. In addition, a buffer shall be provided to totalize pulses and allow for
interrogation by the DDC system The pul se accunul ator shall accept rates up to
20 pul ses per second. The totalized value shall be reset to zero upon operator's
comand

f. Signal conditioning for sensors shall be provided as specified

g. The binary coded decimal (BCD) function: The BCD function shall have
the same characteristics as the DI, except that, in addition, a buffer shall be
provided to totalize inputs and allow for interrogation by the network contro
panel . The BCD function shall have 16-channel optically isolated buffered inputs
to read four digit nunbers. The BCD function shall accurmulate inputs at rates up
to 10 inputs per second.

.14.7.2 Fai | ure Mbde

Upon failure of the I/O function, including data transm ssion failure, logic
power supply failure, DDC processor nalfunction, software failure, interposing
relay power failure, or any other failure which prevents stand al one operation of
any DDC normal |y capabl e of stand al one operation, connected outputs shall be
forced to the failure node shown.

.14.8 Port abl e Wor kst ati on/ Tester

A portabl e workstation/tester shall be provided and shall be able to connect to
any DDC hardware. The portable workstation/tester shall consist of a portable
conputer with a nom nal 15-inch TFT active matrix XGA display, capable of

di splaying at a mininumresolution of 1600 X 1200 pi xel s, 64 MB DDR vi deo nenory
utilizing 4X AGP interface, Pentium4 mcroprocessor operating at a m ni mum of
2.0 GHz, 256 MB DDR system nmenory. The portable workstation/tester shall have
as a mninum a 60 GB hard drive, integral pointing device, serial and parallel
ports, color VGA video port for an external color nonitor, 3.5 inch floppy disk
drive, v.92, 56K nodem Ethernet 10/100 network adaptor, CD-RW DVD- Rom conbo
optical disk drive, integral sound card with speakers, rechargeable battery,
battery charger and 120 Vac power supply, type |1l card connector, and W ndows XP
operating system It shall include carrying case, extra battery, charger and a
conpati bl e network adapter. The workstation/tester shall

a. Run DDC di agnosti cs.

b. Load all DDC nmenory resident prograns and information, including
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parameters and constraints.

c. Dy splay any AI, DI, AQ 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, allow ng
the operator to use full English |anguage words and acronyms, or an object
oriented graphical user interface.

f. Display database paraneters.
g. Modify database paraneters

h. Accept DDC software and information for subsequent |loading 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. D sablel/enable each DDC
j. Performall workstation functions as specified.
.14.9 Central Workstation/ Tester
The existing central workstation |located in building 364 shall be utilized.
.15 DDC SOFTWARE

Al'l DDC software described in this specification shall be furnished as part of
the conpl ete DDC System

.15.1 Qperating System

Each DDC shall contain an operating systemthat controls and schedul es that DDC s
activities in real tine. The DDC shall maintain a point database in its nenory
that includes all paranmeters, constraints, and the |atest value or status of al
poi nts connected to that DDC. The execution of DDC application prograns shal
utilize the data in nmenory resident files. The operating systemshall include a
real tinme clock function that maintains the seconds, mnutes, hours, date and
nmont h, including day of the week. Each DDC real tine clock shall be
automatically synchroni zed with the network control panel real tine clock at

| east once per day to plus or mnus 10 seconds. Wen the network control pane
is connected to a central workstation/tester, the network control panel RTC shal
be updated by the central workstation/tester RTC. The tinme synchroni zation shal
be acconplished wi thout operator intervention and without 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 pane
and the manufacturers control network.

.15.1.1 Startup

The DDC shall have startup software that causes automati c commencenent of
operation w thout human intervention, including startup of all connected I/0O
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
program shall restart equipnent and restore loads to the state at tinme of power
failure, or to the state as comanded by time progranms or other overriding
prograns. The restart programshall include start time del ays between successive
conmands to prevent demand surges or overload trips. The startup software shal
initiate operation of self-test diagnostic routines. Upon failure of the DDC, if
t he dat abase and application software are no |longer resident or if the clock
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cannot be read, the DDC shall not restart and systenms shall remain in the failure
node indicated until the necessary repairs are nade. |f the database and
application prograns are resident, the DDC shall resunme operation after an
adjustable tine delay of fromO to 600 seconds. The startup sequence for each
DDC shall include a unique tinme delay setting for each control output when system
operation is initiated.

.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 resi dent application progranms as specified using data obtained froml/O
functions and based upon the DDC real tinme clock function. Wen comunications
circuits between the DDC are operable, the DDC shall obtain real time clock
updates and any required gl obal data values transmtted from ot her network
control panels. The DDC software shall execute commands after performng
constraints checks in the DDC. Status and anal og val ues, including alarnms and
other data shall be transmitted from other network control panels when

conmuni cations circuits are operable. |f communications are not avail able, each
DDC shal Il function in stand-al one node and operational data, including the |atest
status and val ue of each point and results of calculations, normally transmtted
fromother network control panels shall be stored for later transmission 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

.15.1.3 Fai | ure Mode
Upon failure for any reason, each DDC shall performan orderly shutdown and force
all DDC outputs to a predetermned (failure nbde) state, consistent with the
failure nodes shown and the associ ated control device
.15.2 Functi ons
The Contractor shall provide software necessary to acconplish the foll ow ng
functions, as appropriate, fully inplenented and operational, w thin each network
control panel, RIU, unitary controller and universal progranmable controller.

a. Scanning of inputs.

b. Control of outputs

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 1/O status to network control panel upon request.

g. Miintenance of real time, updated by the network control panel at |east
once a day.

h. Comunication with the network control panel

i. Execution of DDC resident application prograns.
j. Averaging or filtering of Als.

k. Constraints checks (prior to command issuance).

I. Diagnostics.
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m Portable workstation/tester operation as specified.

n. Reset of PA by operator based on tinme and val ue

2.15.2.1 Analog Mnitoring

The system shall measure and transnit anal og val ues including cal cul ated anal og
points. An analog change in value is defined as a change exceedi ng a preset
differential value as specified. The record transmtted for each anal og val ue
shall include a readily identifiable flag which indicates the abnormal status of
the value when it deviates fromoperator selectable upper and | ower anal og
limts. Analog values shall be expressed in proper engineering units with sign
Engi neering units conversions shall be provided for each neasurenent. Each

engi neering units conversion set shall include range, span, and conversion
equation. A vocabulary of engineering unit descriptors shall be provided, using
at | east three al phanunmeric characters to identify information in the system
The system shall support 255 different engineering units.

.15.2.2 Logic (Virtual) Points

Logic (virtual) points shall be software points entered in the point database
whi ch are not directly associated with a physical 1/0O function. Logic (virtual)
points shall be analog or digital points created by cal cul ati on from any

conbi nation of digital and anal og points, or other data having the properties of
real points, including alarnms, w thout the associated hardware. Logic (virtual)
points shall be defined or calculated 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 other analog point. The calculated point shall be used in
any programwhere the real value is not obtainable directly. Constants used in
cal cul ations shall be changeable on-line by the operator. Calcul ated point

val ues shall be current for use by the systemw thin 10 seconds of the tine of
any input changes.

.15.2.3 State Variabl 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 displayed at its
measured engineering units plus a state variable with named states usable in
prograns or for display such as |ow al arm | ow normal / hi gh/ hi gh al arm

.15.2.4 Analog Totalization

Any anal og point shall be operator assignable to the totalization program Up to
ei ght anal og val ues 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 programshall 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.

.15.2.5 Energy Totali zation

The system shall cal culate the heat energy in Btus, for each energy source
consuned by the nechani cal systens specified, totalize the cal cul ated Btus, the
i nstantaneous rate in Btus per hour, and store totals in thousands of Btus
(MBtu). The Btus calculated shall be totalized for an adjustable tinme period
The time period shall be defined uniquely for each Btu totalization. Software
shal | be capabl e of generating nonthly energy savings reports. These reports
shal | include each HVAC systemwith the associ ates savings printed out in actual
dollars and cents saved. The savings woul d be generated by utilizing energy
saving routines included in the software.

Energy Savi ng Reports:
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Software shall generate nonthly energy savings reports. These reports shal

i ncl ude each HVAC systemwith the associ ated savings printed out in actua
dollars and cents saved. The savings woul d be generated by utilizing energy
saving routines included in software.

2.15.2.6 Trending
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,
sel ect abl e between one mnute and two hours. A minimmof 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
i ncludi ng as applicabl e:

a. Nane.

b. Device or sensor type (i.e., sensor, control relay, notors).

c. Point identification nunber.

d. Unit.

e. Building nunber.

f. Area.

g. Island.

h. DDC nunber 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 (analog).

g. Hi gh reasonabl eness val ue (anal og).

r. Low reasonabl eness val ue (anal og).

s. Hogh alarmlimt differential (return to normal).

t. Lowalarmlinmt differential (return to nornal).

u. Hghalarmlimt (anal og).

v. Lowalarmlinmt (analog).
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w. Alarmdisable time period upon startup or change of setpoint.
X. Anal og change differential (for reporting).
y. Alarmclass and associ ated prinmary nmessage text.
z. Hgh accumulator Iimt (pulse).
aa. Status description.
bb. Run tine target.
cc. Failure node as specified and shown.
dd. Constraints as specified.
2.15.4 Al arm Processing

Each DDC shall have al arm processing software for A, DI, and PA alarnms for al
real and virtual points connected to that DDC

2.15.4.1 Digital Alarns Definition

Digital alarnms are those abnormal conditions indicated by Dis as specified and
shown.

2.15.4.2 Analog Alarns Definition

Anal og al arms are those conditions higher or |ower than a defined val ue, as
measured by an Al. Anal og readings shall be conpared to predefined high and | ow
limts, and alarned each tine a value enters or returns froma linmt condition.
Uni que high and low limts shall be assigned to each analog point in the system
Analog alarmlimts shall be stored in the DDC database. Each anal og al arm
limt shall have an associated unique limt differential specifying the amount by
which a variable must return into the proper operating range before being

annunci ated as a return-to-normal -state. Al linmits and differentials shall be
entered on-line by the operator in limts of the measured variable, without
interruption or loss of nmonitoring of the point concerned. The program shal
automatically change the high or lowlinmts or both, of any anal og point, based
on tine schedul ed operations as specified, allowing for a tinme interval before
the alarmlimt becones effective. |In CPA applications, key the limt to a
finite deviation traveling with the setpoint. The systemshall automatically
suppress anal og alarmreporting associated with a digital point when that digital
point is turned off.

2.15.4.3 Pul se Accurmul ator Al arns Definition
Pul se accunul ator alarns are those conditions calculated fromtotalized val ues of
accurmul ator inputs or PA input rates that are outside defined Iimts as specified
and shown. PA totalized values shall be conpared to predefined limts and
alarmed 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 pment Constraints Definitions

Each control point in the database shall have DDC resident constraints defined
and entered by the Contractor, including as applicable:

a. Maximumstarts (cycles) per hour
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b. Mninmumoff tinme.

c. Mnimumon tine.

d. Hghlimt (value in engineering units).

e. Lowlimt (value in engineering units).
2.15.5.2 Constrai nts Checks

Control devices connected to the systemshall have the DDC nenory resident
constrai nts checked before each command is issued to insure that no equi pnent
danmage will result frominproper operation. Each comrand shall be executed by
the DDC only after all constraints checks have been passed. Each command poi nt
shal | have uni que constraints assigned. H gh and | ow "reasonabl eness" val ues or
one differential "rate-of-change" value shall be assigned to each Al. Values
outside the reasonableness linmts shall be rejected and an al arm nessage sent to
the network control panel or portable workstation/tester. Status changes and
anal og point values shall be reported to the workstati on upon operator request,
such as for reports, alphanuneric displays, graphic displays, and application
prograns. Each individual point shall be capable of being selectively disabled
by the operator froma workstation/tester. Disabling a point shall prohibit
nmonitoring and automatic control of that point.

2.15.6 Di agnostics

Each DDC shall have sel f-test diagnostic routines inplenented in firmvare. The
tests shall include routines that exercise nmenory. Diagnostic software shall be
usabl e in conjunction with the central workstation/tester and portable

wor kstation/tester. The software shall display nmessages in English to informthe
tester's operator of diagnosed probl ens.

2.15.7 Summer - Wnter Operation Monitoring

The system shall provide software to autonmatically change the operating
paranmeters, nmonitoring of alarmlimts, and start-stop schedul es for each
mechani cal system from sumrer to winter and vice-versa. The software shal
provi de automati c commands to applications prograns to coordi nate proper sunmer
or winter operation. Change over setpoints shall be operator selectable and
settabl e.

2.15.8 Control Sequences and Control Loops

Sufficient nenory shall be provided to inplenent the requirenents specified and
shown for each DDC. Specific functions to be inplenented are defined in

i ndi vi dual system control sequences and dat abase tables shown in the draw 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 mmintain control until the
error is within the deadband lints

d. Signal Selection: This function shall allow the selection of the

hi ghest or | owest anal og value froma group of anal og values as the basis of
control. The function shall include the ability to cascade anal og val ues so that
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| arge nunbers of inputs can be reduced to one or two outputs.

e. Signal Averaging: This function shall allow the mathenati cal
calcul 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" the
i ndi vi dual anal og values so that the function output can be bi ased as necessary
to achi eve proper control

f. Reset Function: This function shall devel op 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 comand, the operating paraneters
monitoring of alarmlimts, and start-stop schedul es for each nechani cal system
where such a change fromcooling to heating and vice versa is nmeani ngful. The
sof tware shall provide conmands to application progranms to coordi nate cooling or
heati ng node operation. Software shall automatically switch facilities from
cooling to heating, and vice versa, based on schedules or tenperatures. Al HVAC
equi pnent and systens shall be assigned to the program

.15.9 Command 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 systemshall require the
| atest highest priority command addressed to a single point to be stored for a
period of tinme |longer than the longest time constraint in the on and off states
insuring that the correct comuand shall be issued when the time constraint is no
Il onger in effect or report the rejected command. COverride commands entered by
the operator shall have higher priority than those emanating from applications
progr ans.

.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
provi de control of the systenms connected to the DDC system Application prograns
shal |l be resident and shall execute in the DDC, and shall coordinate with each
other, to insure that no conflicts or contentions remain unresolved. The
Contractor shall coordinate the application prograns specified with the equi pnent
and controls operation, and other specified requirenents. A schene of priority

| evel s shall be provided to prevent interaction of a command of low priority with
a command of higher priority. The systemshall require the |atest highest
priority conmmand addressed to a single point to be stored for a period of tine

| onger than the longest tinme constraint in the ON and OFF states, insuring that
the correct command shall be issued when the time constraint is no longer in
effect or the rejected conmand shall be reported. Override conmmands entered by
the operator shall have higher priority than those emanating from application
progr ans.

.15.10.1 Program I nputs and Qut puts

The Contractor shall select the appropriate programinputs listed for each
application programto calculate the required programoutputs. Were the
specific programinputs are not available, a "default" value or virtual point
appropriate for the equi pment being controlled and the proposed sequence of
operation shall be provided to replace the mssing input, thus allow ng the
application programto operate. Als to application prograns shall have an
oper at or adj ustabl e 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 requirenments for control of
systens as shown.
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2.15.10.2 DDC General Conditions
The Contractor shall provide software required to achieve the sequences of
operation, paraneters, constraints, and interlocks shown. Application software
shall be resident in the DDCin addition to any other required software. 1In the
event of a DDC failure, the controlled equi pment shall continue to function in
the failure node shown.
2.15.10.3 Schedul ed Start/ Stop Program
This program shall 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 tinme delay shall be provided between consecutive start
comands.
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 prent constraints.
(8) Consecutive start tine del ay.
b. Program Qutputs: Start/stop signal.
2.15.10.4 Optimum Start/ Stop Program
This program shall start and stop equi pment as specified for the schedul ed
start/stop program but shall include a sliding schedul e based on indoor and
outdoor air conditions. The programshall take into account the thernal
characteristics of the structure, and indoor and outdoor air conditions, using
prediction software to determine the mininmnumtine of HVAC system operation needed
to satisfy space environnental requirenents at the start of the occupied cycle,
and deternmine the earliest time for stopping equi pnent at the day's end without
exceedi ng space environmental requirenments. 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 buildi ng occupancy schedul es.
(6) Space tenperature.
(7) Building heating constant (operator adjustable and automatically

optim zed).
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(8) Building cooling constant (operator adjustable and automatically
optim zed).

(9) QA tenperature.
(10) Required space tenperature at occupancy (heating).
(11) Required space tenperature at occupancy (cooling).
(12) Equi pment constraints.
(13) Cooling and heating high-low alarmlimts.
b. Program Qutputs: Start/stop signal.
2.15.10.5 Day- Ni ght Set back Program
The software shall limt the rise or drop of space tenperature (or specified
fluid tenperature) during unoccupi ed hours. Wenever the space tenperature (or
specified fluid tenperature) is above (or bel ow for heating) the operator
assigned tenperature limt, the systemshall be turned on until the tenperature
is within the assigned tenperature limt.
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.
(5) Equi pnent status.

(6) Space tenperature (or specified fluid tenperature).

(7) Mnimm space tenperature (or specified fluid tenperature) during
unoccupi ed peri ods.

(8) Maxi mum space tenperature (or specified fluid tenperature) during
unoccupi ed peri ods.

(9) Equi pnent constraints.
b. Program Qutputs: Start/stop signal.
2.15.10.6 Econom zer Program |
The software shall reduce the HVAC system cooling requirenents when the OA dry
bulb tenperature is less than the return air tenperature. Wen the OA dry bulb
temperature is above the return air tenperature or changeover setpoint, the OA
danpers, return air danpers, and relief air danpers shall be positioned to
provide minimumrequired QA. Wen the QA dry bulb tenperature is below a
changeover setpoint tenperature, the OA danpers, return air danpers, and exhaust
air danpers shall be positioned to naintain the required mxed air tenperature.
a. Program | nput:
(1) Changeover conditions.

(2) QA dry bulb tenperature.
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(3) RA dry bulb tenperature.
(4) Mxed air dry bulb tenperature
(5) Equi prent constraints.
b. Program Qutput: Danper actuator/cooling control signal
2.15.10.7 Ventilation/Recirculation and Fl ush Prograns

The software shall reduce the HVAC systemthernmal |oad for two nodes of operation
and provide for flushing of the building as foll ows:

a. Ventilation node: |In 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 mninmm
posi tion.

b. Recirculation node: In this nbde, 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 air danper shall close
to their mnimumpositions and the return air danper shall open to its maxi mum
posi tion.

c. Flush node: The software shall use the HVAC supply systemto provide
100% out side air for ventilation purpose and flush building spaces. The network
control panel shall nodulate the control valves to maintain the air supply
tenmperature 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 danper and the exhaust air danper shall be closed at
other times during unoccupi ed periods, except for econom zer operation during
day/ ni ght setback periods. For systens w thout mechanical cooling, this program
shall, in addition to the above requirenents, act as an economizer. The outside
return, and exhaust air danpers shall be nodulated to maintain the required m xed
air tenperature setpoint. Wien this programis rel eased, the outside and exhaust
air danpers shall return to their mnimum positions, and the return air danper
shall return to its maxi mum position.

d. Program | nputs

(1) Day of week.

(2) Tine of day.

(3) Cooling or heating node of operation

(4) Equi pnent status.

(5) Cooling and heating occupancy schedul es.
(6) QA dry bulb temperature.

(7) Space tenperature.

(8) Equi pnent constraints.

e. Program CQutput: Danper actuator control signal

2.15.10.8 Hot Deck/ Col d Deck Tenperature Reset Program

The software shall use space, mixed air, and deck tenperatures to calculate the
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hot deck/col d deck tenperature setpoints in dual duct and multizone HVAC systens.
The program shall select the zones with the greatest heating and cooling
requi renents; establish the HVAC mi ni mum hot and col d deck tenperature
differentials required to neet the zone tenperatures; nodulate valves to naintain
deck tenperature setpoints; and nodul ate zone danpers to nai ntain space
tenperature setpoints, w thout exceeding space humidity limts (where shown).
a. Program | nputs:
(1) Space tenperature setpoint.
(2) Space humidity limt (where shown).

(3) Mxing box danper position or proportional signal fromprimry
el ement .

(4) Hot deck tenperature.
(5) Cold deck tenperature.
(6) Zone tenperatures (where shown).
(7) Space RH (where shown).
(8) M nimum space tenperature during occupi ed peri ods.
(9) Maxi mum space tenperature during occupi ed peri ods.
(10) Equi pment constraints.
b. Program Qut puts:
(1) Hot deck val ve actuator control signal.
(2) Cold deck valve actuator control signal.

(3) Zone danper or mxing box actuator control output signal.

2.15.10.9 Reheat Coil Reset Program

The software shall select the zone with the | east anount 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 humidity control requirenents
cannot be net.
a. Program | nputs:

(1) Zone RH high limt.

(2) Zone tenperature (where shown).

(3) Zone RH (where shown).

(4) Cold deck tenperature.

(5) Reheat coil valve positions or proportional signals fromprinary
el enent s.

(6) M nimum space tenperature during occupi ed peri ods.
(7) Maxi mum space tenperature during occupi ed peri ods.

(8) Equi pnent constraints.
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b. Program Qutput: Cold deck valve actuator control signal.

2.15.10.10 Heating and Ventilating Unit Program

The software shall control hot water/steamcoil valve position to nmaintain
space/ supply air tenperatures for heating and ventilating units. This program
shall be coordinated with the ventilation-recircul ati on program for danper
control and the scheduled or optimumstart-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 Volune Control Program

The software shall nonitor supply and return/exhaust air flow volumes and

nmodul ate fan controls to maintain required air flow volunmes and/or ratio or fixed
differential of supply to return air flows. This program shall be coordi nated
with the ventilation-recircul ation program and the economni zer program for danper
control and with static pressure control requirements for fan control.

a. Program | nputs

(1) Supply air flow

(2) Return/exhaust air flow.

(3) Required supply air flow - high and low limts.

(4) Required return/exhaust air flow - high and low linmts.
(5) Volune offset or ratio, as appropriate.

b. Program Qutputs

(1) Supply fan volune control.
(2) Return/exhaust fan vol une control.

2.15.10.12 Air Distribution Unitary Controller Software

Sof tware shall be provided for the nmanagenent and control of the air distribution
termnal units. Software shall allow for operator definition of nultiple air
distribution terminal units as functional groups which may be treated as a single
entity; nmonitoring, alarmng and reporting of termnal unit paranmeters on an
i ndi vidual or group basis; and renpte setpoint adjustnment on an individual or

group basis.

a. Functions:
(1) Volunme control in response to tenperature.
(2) Volure flow limts, mninmmand maxi num
(3) Cccupied and unoccupi ed operation with associ ated tenperature and
volune limts.
(4) Tenperature setpoint override.

b. Program I nputs

(1) Space tenperature.
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(2) Space tenperature setpoint.

(3) Space tenperature setpoint limts.

(4) Supply airflow vol une.

(5) Supply airflow volurme high and low limts.

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
monitoring of chillers. The software shall select the nost efficient chiller or
conbi nation of chillers based on chiller operating data to satisfy the cooling

|l oad. Based on chiller operating data, energy input vs chilled water output, the
chiller with the highest efficiency shall be selected to satisfy the cooling I oad
cal cul ated by prediction software. The program shall cal cul ate equi pnent

el ectrical energy input based on percent full |oad, current, or other inputs
provi ded, and equi pment nanepl ate data. The program shall prevent the chiller
fromgoing to full load for a predeterm ned period to allow the systemto

stabilize, in order to determne the actual cooling |load. The program shall
follow the chiller manufacturer's startup and shutdown sequence requirenents.
Interl ocks between chilled water punps, condenser water punps, and chiller shall
be in accordance with the chiller manufacturer's requirenents.

a. Program I 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) Conmon chilled water return tenperatures.

(14) Total chilled water flow.

(15) Chilled water punps status.

(16) Refrigerant pressure, suction and discharge.

(17) Equi pnent constraints.

(18) Steam fl ow.

b. Program Qutputs

(1) Start/stop signals for chillers (manual or automatic to control

panel ).

(2) Start/stop signals for chilled water punps (manual 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 Chilled Water Tenperature Reset Program
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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
program shall nonitor the positions of the chilled water control valves (percent
of openi ng) and space tenperatures.

a. Program | nput:

(1) Chilled water val ve position.

(2) Hghlimt for space dry bulb tenperature.
(3) Chiller supply water tenperature.

(4) H gh chilled water operating tenperature.
(5) Low chilled water operating tenperature.
(6) Hghlimt for space RH.

(7) Equi prent constraints.

b. Program Qutput: Chilled water supply tenperature setpoint control
si gnal .

2.15.10. 15 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. Programshall be coordinated with the chiller control |oop
algorithms 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) QA 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
si gnal .

2.15.10.16 Chiller Demand Limt Program
The software shall limt maxi mum available chiller cooling capacity in fixed
steps as shown to limt electrical demand. Each fixed step shall be considered
as one point in the demand limting program Each chiller denmand control step
shal | be assigned an equipnent priority |evel.

a. Program | nputs:

(1) Chiller percent capacity.

(2) M nimm cooling capacity.

(3) Equipnent priority schedul es.
(4) Equi pnent constraints.

b. Program Qut put
(1) Calculated percent |oad point.
(2) Control signal to chiller controller/panel, new setpoint (manual or
automati c as shown).

2.15.10. 17 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 -
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dent variable. The hot water supply tenperature shall be reset downward or
upward froma fixed tenperature proportionally, as a function of QA tenperature
or other specified i ndependent variable.

a. Program | nputs

(1) Reset schedul e.

(2) QA dry bulb tenperature or other specified i ndependent vari abl e.
(3) Hot water supply tenperature.

(4) Maxi mum hot water supply tenperature.

(5 M™Mnimum hot water supply tenperature.

(6) Equi pnent constraints.

b. Program Qutput: Valve actuator control signal.
2.15.10.18 Boi |l er Monitoring and Control

The software shall renotely nmonitor and control boiler operation based on boiler
operational data. The programshall nonitor inputs and di scontinue boiler
operation if any nonitored point exceeds a predeterni ned val ue or changes status
incorrectly. The operator shall be able to add or del ete individual program

i nput points fromthe Iist of points that will discontinue boiler operation.

a. Program I nputs

(1) Fuel flow

(2) Fuel pressure (natural gas).

(3) Fuel tenperature (heated fuel oil).
(4) Flanme 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 mllion BTUs).
(10) Hot water flow.

(11) Hot water pressure.

(12) Hot water supply tenperature.

(13) Hot water return tenperature.

(14) Hot water BTUs.

(15) Steamflow.

(16) Steam pressure.

(17) Steamtenperature.

(18) Steam BTUs.

(19) Feedwater tenperature.

(20) Boiler drumlevel.

b. Program Qutputs

(1) Boiler enable/disable control signal.

(2) Boiler enable/disable perm ssion to boiler operator for nmanual
control .

(3) Boiler efficiency.

2.15.10.19 Hot Water Distribution Program

The software shall control the hot water distribution tenperature to individua
bui I ding zones. The zone hot water distribution tenperature shall be reset
downward or upward froma fixed tenperature proportionally as a function of QA
temperature or other specified independent variable by nodul ati ng the respective
zone m xing valve. The zone punp shall be stopped when the QA tenperature
exceeds the specified setpoint. Wen parallel punps are used, the software shal
alternate punp operation and shall start the standby pump (after a tine del ay)
upon failure of the operating punp.
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a. Program I nputs
(1) Zone hot water distribution tenperature.
(2) Reset schedul e
(3) QA 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 m xing valve control
(2) Zone punp start/stop signal (s).

15. 10. 20 Donmestic Hot Water Generator Program

The software shall control the donmestic hot water tenperature by adjusting the
hot water heating control valve

a. Program I nputs

(1) Donestic hot water tenperature.
(2) Donestic hot water tenperature setpoint.

b. Program Qutput: Hot water heating control valve actuator control signal

PART 3 EXECUTI ON

3.

3.

1  GENERAL | NSTALLATI ON CRI TERI A
1.1 HVAC Control System

The HVAC control systemshall be conpletely installed and ready for operation
Dielectric isolation shall be provided where dissimlar netals are used for
connection and support. Penetrations through and nounting holes in the building
exterior shall be made watertight. The HVAC control systeminstallation shal
provi de cl earance for control system nmai ntenance by naintaining access space

bet ween coils, access space to mxed-air plenuns, and other access space required
to calibrate, renove, repair, or replace control systemdevices. The contro
systeminstallation shall not interfere with the clearance requirenents for
mechani cal and el ectrical system nmai ntenance

.1.2 Software Installation

Sof tware shall be | oaded for an operational system including databases for al
poi nts, operational paraneters, and system command, and application software.
The Contractor shall provide original and backup copies of source, excluding the
general purpose operating systens and utility prograns furni shed by computer
manuf acturers and the non-job-specific proprietary code furnished by the system
manuf acturer, and object nodules for software on each type of nedia utilized
within 30 days of formal Governnent acceptance. In addition, a copy of

i ndi vidual floppy disks of software for each DDC panel shall be provided.

.1.3 Devi ce Mounting Criteria

Devi ces nounted in or on piping or ductwork, on building surfaces, in
mechani cal /el ectrical spaces, or in occupied space ceilings shall be installed in
accordance with manufacturer's recommendations and as shown. Control devices to
be installed in piping and ductwork shall be provided with required gaskets,
flanges, thermal conpounds, insulation, piping, fittings, and manual val ves for
shutof f, equalization, purging, and calibration. Strap-on tenperature sensing

el ements shall not be used except as specified.
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1.4 Wring Criteria

Wring external to control panels, including | owvoltage wiring, shall be
installed in nmetallic raceways. Wring shall be installed wi thout splices

bet ween control devices and DDC panels. Instrunentation grounding shall be
installed as necessary to prevent ground | oops, noise, and surges from adversely
af fecting operation of the system Gound rods installed by the contractor shal
be tested as specified in IEEE Std 142. Cables and conductor wires shall be
tagged at both ends, with the identifier shown on the shop drawings. Electrica
work shall be as specified in Section 16415A ELECTRI CAL WORK, | NTERI OR and as
shown.

.2 CONTROL SYSTEM | NSTALLATI ON

.2.1 Danper Actuators

Actuators shall not be nounted in the air stream Miltiple actuators operating a
common danper shall be connected to a conmpn drive shaft. Actuators shall be
installed so that their action shall seal the danper to the extent required to
mai ntai n | eakage at or below the specified rate and shall nove the bl ades
snoot hl y.

.2.2 Local Gauges for Actuators

Pneumati c actuators shall have an accessible and visible receiver gauge installed
in the tubing lines at the actuator as shown.

.2.3 Room | nst runent Mounti ng

Room i nstruments , such as wall nounted thernostats, shall be nounted 1.5 m
above the floor unless otherwi se shown. Tenperature setpoint devices shall be
recess nounted.

.2. 4 Freezestats

For each 2 square neters of coil face area, or fraction thereof, a freezestat
shall be provided to sense the tenmperature at the |ocation shown. Manual reset
freezestats shall be installed in approved, accessible |ocations where they can
be reset easily. The freezestat sensing elenent shall be installed in a
serpentine pattern.

.2.5 Averaging Tenperature Sensing El enents

Sensi ng el enents shall have a total element mninmumlength equal to 3 m per
square meter of duct cross-sectional area

.2.6 Foundat i ons and Housekeepi ng Pads

Foundati ons and housekeepi ng pads shall be provided for the HVAC control system
air conpressors

2.7 Conpressed Air Stations

The air conpressor assenbly shall be nmounted on vibration elimnators, in
accordance with ASME BPVC SEC VIII D1 for tank clearance. The air line shall 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.

.2.8 Duct Static Pressure Sensing Elements and Transmitters

The duct static pressure sensing elenment and transmitter sensing point shall be
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|l ocated at 75%to 100% of the di stance between the first and last air term nal
units.

.2.9 I ndication Devices Installed in Piping and Liquid Systens
Gauges in piping systens subject to pulsation shall have snubbers. CGauges for
steam servi ce shall have pigtail fittings with cock. Thernoneters and

tenperature sensing elenents installed in liquid systens shall be installed in
t her mowel | s.

.2.10  Tubing

.2.10.1 Control SystemlInstallation

The control systemshall be installed so that pneumatic |lines are not exposed to
outside air temperatures. All tubes and tube bundl es exposed to view shall be
installed neatly in lines parallel to the lines of the building. Tubing between

panel s and actuators in mechanical/electrical spaces shall be routed so that the
lines are easily traceable.

.2.10.2 Pneumatic Lines In Mechanical/Electrical Spaces

In mechani cal /el ectrical spaces, pneumatic |lines shall be copper tubing

Hori zontal and vertical runs of soft copper tubes shall be installed in raceways
dedi cated to tubing. Dedicated raceways and tubing not installed in raceways
shal | be supported every 2 m for horizontal runs and every 2.5 m for vertica
runs.

.2.10.3 Pneumati c Lines External To Mechanical/El ectrical Spaces

Tubi ng external to nechanical/electrical spaces shall be soft copper wth sweat
fittings.

.2.10.4 Connection to Liquid and Steam Li nes

Tubing for connection of sensing elements and transmtters to liquid and steam
lines shall be copper with brass conpression fittings

.2.10.5 Connection to Ductwork

Tubi ng for connection of sensing elenents and transmtters to ductwork shall be
pl astic tubing.

.2.10.6 Fi nal Connection to Actuators

Fi nal connections to actuators shall be plastic tubing 300 mm |ong and
unsupported at the actuator

.3 COVMM SSI ONI NG PROCEDURES

.3.1 Eval uati ons

The Contractor shall make the observations, adjustnents, calibrations
measurenents, and tests of the control systens, set the tinme schedule, and nake

any necessary control systemcorrections to ensure that the systens function as
described in the sequence of operation.

.3.1.1 It em Check
Signal |evels shall be recorded for the extreme positions of each controlled
device. An itemby-itemcheck of the sequence of operation requirenents shall be

performed using Steps 1 through 4 in the specified control system commi ssioning
procedures. Steps 1, 2, and 3 shall be perfornmed with the HVAC system shut down;
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Step 4 shall be performed after the HVAC systens have been started. External

i nput signals to the DDC system (such as starter auxiliary contacts, and externa
systens) nmay be simulated in steps 1, 2, and 3. Wth each operational node
signal change, DDC system output relay contacts shall be observed to ensure that
they function

.3.1.2 \Wat her Dependent Test Procedures

The cooling systemshall be commi ssioned when the outside air temmperature is
greater than 80 degrees F. The heating systemshall be comni ssioned when the
outside air tenmperature is less than 32 degrees F. Al air handling systens
whi ch handl e outdoor air shall be conm ssioned twi ce, once when outside air
tenmperature is less than 32 degrees F, and al so when outside air tenperature is
greater than 80 degrees F

.3.1.3 Two- Poi nt Accuracy Check

A two-point accuracy check of the calibration of each HVAC control system sensing
el ement and transnmitter shall be perforned by conparing the DDC system readout to
the actual value of the variable nmeasured at the sensing elenent and transmtter
or airflow neasurenment station location. Digital indicating test instrunents
shal | be used, such as digital thernometers, notor-driven psychroneters, and
tachometers. The test instrunments shall be at |east twice as accurate as the
speci fi ed sensing el enent-to-DDC systemreadout accuracy. The calibration of the
test instrunents shall be traceable to National Institute O Standards And
Technol ogy standards. The first check point shall be with the HVAC systemin the
shut down condition, and the second check point shall be with the HVAC systemin
an operational condition. Calibration checks shall verify that the sensing

el ement -t o- 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

.3.1. 4 Insertion and | mersion Tenperatures

Insertion tenperature and i nmersion tenperature sensing el enments and
transmtter-to-DDC system readout calibration accuracy shall be checked at one
physi cal location along the axis of the sensing el enent.

.3.1.5 Aver agi ng Tenperature

Averagi ng tenperature sensing elenment and transmtter-to-DDC system readout
calibration accuracy shall be checked every 600 mm along the axis of the sensing
element in the proximty of the sensing elenent, for a nmaxi nrumof 10 readings.
These readi ngs shall then be averaged.

.3.2 Space Tenperature Controlled Perineter Radiation

The heating nedium shall be turned on, and the thernpstat tenperature setpoint
shall be raised. The valve shall open. The thernostat tenperature shall be

| owered and the valve shall close. The thernostat shall be set at the setpoint
shown.

.3.3 Unit Heater and Cabinet 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 thernostat tenperature setting shal
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.
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3.4 Fan Coil Unit

The dual -tenperature hydronic systemshall be set to heating. Each space
thernostat tenperature setting shall be turned up so that it nakes contact and
turns the fan coil unit on. It shall be ensured that the fan coil unit fan
starts and the valves open to flow through the coils. Each space thernostat
temperature setting shall be turned down and it shall be ensured that the fan
coil unit fans stop. It shall be ensured that the valves close to flow through
the coils. The dual -tenperature hydronic systemshall be switched to cooling
Each space thernostat 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 coi

unit fans start and the valves open to flow through the coils. The thernostats
shall be set at their tenperature setpoints. The results of testing of one of
each type of unit shall be | ogged.

.3.5 Singl e Building Hydronic Heating with Hot Water Boiler

Steps for installation shall be as follows:

a. Step 1 - SystemlInspection: The HVAC system shall be observed inits
shutdown condition. It shall be verified that power and main air are avail able
where required

b. Step 2 - Calibration Accuracy Check with HVAC System Shutdown: Readi ngs
shall be taken with a digital thernoneter at each tenperature sensing el enent
|l ocation. Each tenperature shall be read at the DDC controller, and the
t hernomet er and DDC system readi ngs | ogged. The calibration accuracy of the
sensi ng el enent-to-DDC system readout for outside air tenperature and system
supply tenperature shall be checked

c. Step 3 - Actuator Range Adjustnents: NA
d. Step 4 - Control System Conmi ssi oni ng:

(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 boilers stop. A value shall be entered to sinulate that the outside
air tenperature is below the setpoint as shown. It shall be verified
that punps start and boilers are fired in sequence. It shall be
verified that each boiler recirculation punp starts when its respective
boiler is firing. Each current switch reading shall be verified at the
operator's consol e.

(3) The two-point calibration accuracy check of the sensing

el ement -t o- DDC system readout for the hydronic system supply tenperature
shal | be perfornmed. The supply tenperature setpoint shall be set for
the tenperature schedule as shown. Signals at two points sent to the
DDC system fromthe outside air tenperature sensor, to verify that the
supply tenperature setpoint changes to the appropriate val ues

3.6 Si ngl e Buil ding Cooling System
Steps for installation shall be as follows:

a. Step 1 - SystemlInspection: The HVAC system shall be observed inits
shutdown condition. 1t shall be verified that power and main air are avail able
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where required

b. Step 2 - Calibration Accuracy Check with HVAC System Shutdown: Readi ngs
shall be taken with a digital thernoneter at each tenperature sensing el enent
|l ocation. Each tenperature shall be read at the DDC controller, and the
t hernonet er and DDC system readi ngs | ogged. The calibration accuracy of the
sensi ng el ement -t o- DDC system readout for outside air tenperature and system
supply tenperature shall be checked

c. Step 3 - Actuator Range Adjustnents: NA

d. Step 4 - Control System Conmi ssi oni ng:
(1) The two-point calibration sensing el ement-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 achi eve the outside air tenperature schedul e

(2) The outside air tenperature shall be sinulated through an operator

entered value to be below the setpoint. It shall be verified that punps
stop. A value shall be entered to sinmulate that the outside air
temperature is above the setpoint as showmn. It shall be verified that

punps start. Each current switch reading shall be verified at the
operator's consol e.

(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 perfornmed. The supply tenperature setpoint shall be set for
the tenperature schedule as shown. Signals at two points sent to the
DDC system fromthe outside air tenperature sensor, to verify that the
supply tenperature setpoint changes to the appropriate val ues

3.7 Heating and Ventilating Unit
Steps for installation are as foll ows:

a. Step 1 - SystemlInspection: The HVAC systemshall be observed inits
shut down condition. The systemshall be checked to see that power and nain air
are avail able where required, the outside air danper and relief air danper are
closed, and the return air danper is open

b. Step 2 - Calibration Accuracy Check with HVAC System Shutdown: Readi ngs
shall be taken with a digital thernoneter at each tenperature sensing el enent
|l ocation. Each tenperature shall be read at the DDC controller, and the
t hernonet er and DDC system readi ngs | ogged. The calibration accuracy of the
sensi ng el ement -t o- 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 proper
operation of the actuators and positioners for all danmpers 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 shal
be verified. 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 extreme position to the
ot her.

d. Step 4 - Control System Conmi ssi oni ng:
(1) Wth the fan ready to start, the systemshall be placed in the
ventil ation 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
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return air danper is open, and the heating coil valve is under control
by artificially changing the space tenperature through operator entered
val ues. The 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 sinmulating a change in space

t enperature

(2) The control systemshall be placed in the mninum outside air nobde
It shall be verified that the outside air danper opens to m nimm
position.

(3) The calibration accuracy check of sensing el ement-to-DDC system
readout for the space tenperature shall be perfornmed. The space
temperature 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 contro

system assunes the specified shutdown conditions. The space tenperature
shall be artificially changed to bel ow the ni ght 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 ni ght setback
tenperature setpoint shall be set as shown.

(5 Wth the HVAC systemrunning, a filter differential pressure switch
i nput signal shall be simulated, at the device. It shall be verified
that the filter alarmis initiated. The differential pressure switch
shal | be set at the setpoint as shown.

(6) Wth the HVAC systemrunning, a signal shall be applied to sinulate
an outdoor-air tenperature of 38 degrees F. It shall be verified that
the cooling coil recirculation punp starts and runs continuously. A
signal shall be applied to simulate a unit leaving air tenperature of 34
degrees F. It shall be verified that a low tenperature alarmis
initiated at the operator's console and the unit shuts down. The HVAC
system shall be restarted by manual restart and it shall be verified
that the alarmreturns to nornal

(7) Wth the HVAC systemrunni ng, a snoke detector trip input signa
shal |l be sinulated at each detector, and verification of control device
actions and interlock functions as described in the Sequence of Qperation
shall be nmade. Simulation shall be performed without false-alarmng any
Life Safety systens. It shall be verified that the HVAC system shuts
down and that the snoke detector alarmis initiated. The detectors

shall be reset. The HVAC systemshall be restarted by nanual reset, and
it shall be verified that the alarmsignal is changed to a
return-to-normal signal

(8) Wth the HVAC systemrunni ng, an energency shutdown switch signa
shall be sinmulated. 1t shall be verified that the HVAC system shuts
down and that the shutdown alarmis initiated at the operator's console

(9) Wth the HVAC systemrunning, the fan status current sw tches shal
be verified at the operator's consol e.

Mul ti zone Control System without Return Fan

Steps for installation shall be as foll ows:

Step 1 - System Inspection: The HVAC system shall be observed inits

shut down condition. The systemshall be checked to see that power and main air
are avail abl e where required; that the outside air danper, and relief air danper
are closed; and that the return air danper is open.
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b. Step 2 - Calibration Accuracy Check with HVAC System Shutdown: Readi ngs
shall be taken with a digital thernoneter at each tenperature-sensing el enent
|l ocation. Each tenperature shall be read at the DDC controller, and the
t hernomet er and DDC system readi ngs | ogged. The calibration accuracy of the
sensi ng el enment-to-DDC system readout for outside air, return air, mxed air,
col d-deck, and hot-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
verified. The signal shall be varied fromlive zero to full range, and it shal
be verified that the actuators travel fromzero 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 extreme position to the
ot her.

d. Step 4 - Control System Conmi ssi oni ng:

(1) Wth the fans ready to start, the systemshall be placed in the
ventil ation delay node (COF only) and in the occupied node, and it shal
be verified that supply fan starts. 1t 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. The systemshall be place in the occupi ed node
and it shall be verified that the outside air, return air, and relief
air danpers come under control, by artificially changing the mxed air
tenperature

(2) The control systemshall be placed in the mninum outside 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
mode. The mixed 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 ement -t o- DDC system readout for outside air, return air, and mxed air
temperatures shall 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 perforned. Any
necessary software adjustnents shall be nade to setpoints or paraneters
to achi eve the outside air tenperature schedul e as shown.

(5) The systemshall be placed in econom zer node. The two-point
calibration accuracy check of sensing el ement-to-DDC system readout for
m xd-air tenperatures shall be perfornmed. The outside air tenperature
shall be artificially changed through operator entered values. Three
val ues shall be entered sinmulating outside air tenperature changes. The
val ues shall be selected at mdrange, |ower 1/3 range, and upper 1/3
range of the tenperature schedule. It shall be verified that the

set point tracks the schedul e.

(8) The control systemshall be placed in the unoccupi ed node, and it
shall be verified that the HVAC system shuts down, and the contro

system assunes the specified shutdown conditions. Were night setback is
requi red, the space tenperature shall be artificially changed to bel ow
the 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
ni ght setback setpoint, and it shall be verified that the HVAC system
stops. The night setback tenperature setpoint shall be set as shown.

(9) Wth the HVAC systemrunning, a filter differential pressure switch
i nput signal shall be simulated at the device. It shall be verified
that the filter alarmis initiated. The differential pressure switch
shall be set at the setpoint.

(10) Wth the HVAC systemrunning, a freezestat trip input signal shal
be sinmulated at the device. It shall be verified that the cooling coi
recirculation punp starts and runs. It shall be verified that the
outdoor air and return air danprs are nodulted to raise the mxed air
temperature until the freezestat resets. It shall be verified that a | ow
tenperature warning is initiated at the operator's console. A signa

shall be applied to sinmulate a unit leaving air tenperature of 34 degrees
F. 1t shall be verified that a |low tenperature alarmis initiated at

the operator's console and the unit shuts down. The HVAC system shal

be restarted by manual restart and it shall be verified that the alarm
returns to nornal.

(11) Wth the HVAC system runni ng, a snoke detector trip input signa
shall be sinulated at each detector, and control device actions and
interlock functions as described in the Sequence of Operation shall be
verified. Simulation shall be performed without false-alarmng any Life
Safety systens. It shall be verified that the HVAC system shuts down
and that the snoke detector alarmis initiated. The detectors shall be
reset. HVAC systemshall be restarted by manual reset, and it shall be
verified that the alarmsignal is changed to a return-to-nornmal signal

(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 shall be calibrated and
set at its setpoint as shown.

(13) Wth the HVAC system runni ng, an energency shutdown switch signa
shall be sinmulated. 1t shall be verified that the HVAC system shuts
down and that the shutdown alarmis initiated at the operator's console

(14) Wth the HVAC systemrunning, the fan status current sw tches
shall be verified at the operator's consol e.

3.9 Variable Air Volunme Makeup Air Unit (Barracks AHU 1)
Steps for installation shall be as foll ows:

a. Step 1 - SystemlInspection: The HVAC systemshall be observed inits
shutdown condition. The systemshall be checked to see that power and main air
are avail able where required, the outside air and relief air danmpers are cl osed,
the return air danper is open, and the supply fan is off and coil valves are
cl osed.

b. Step 2 - Calibration Accuracy Check with HVAC System i n Shut down:
Readi ngs shall be taken with a digital thernoneter at each tenperature sensing
el ement | ocation. Each tenperature shall be read at the DDC controller, and the
t hernonet er and DDC system di spl ay readi ngs | ogged. The calibration accuracy of
the sensing el enent-to-DDC system readout for AHU supply and | aundry room
tenmperature shall be checked

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
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be verified that the actuators travel fromzero stroke to full stroke

within the signal range. It shall be verified that all sequenced and paralle
operated actuators nove fromzero 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 ssioni ng:

(1) Wth the fan ready to start, the control systemshall be placed in
the the enabl ed nbde through operator entered values. |t shall be
verified that supply fan starts. It shall be verified that the outside
air danper is open, and the cooling coil valve, heating coil valve and
fan speed are under control, by sinmulating a change in the fan di scharge
tenperature

(2) The two-point calibration accuracy check for sensing el enent-to-DDC
systemreadout for the static pressure in the supply duct shall be
per f or ned.

(3) The two-point calibration accuracy check of sensing el ement-to-DDC
systemreadout for the fan discharge tenperature shall be perfornmed. The
setpoint for the fan discharge tenperature shall be set as shown. A
change shall be simulated in the discharge air tenperature through an
operator entered value and it shall be verified that the control valves
are nodul at ed

(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.

(5 Wth the HVAC system enabl ed and all clothes dryer current switches
closed, it shall be verified that the air handler fan is stopped.

Cl other dryer current switches for all dryers shall be closed to simulate
operating dryers. It shall be verified that the fan starts and drives

to full speed (60 HZ). One by one, the current switches shall be

opened. For each opened switch, it shall be verified that the fan speed
is reduced by 6.25%until only a single switch is left. It shall be
verified that the fan operates at a speed corresponding to 5 HZ

(6) The space tenperature shall be simulated to be bel ow the heating
setpoint and it shall be verified that the VAV box fan starts. The space
temp signal shall be sinultated above the heating setpoint and it shal
be verified that the fan stops.

(7) Wth the HVAC systemrunning, a filter differential pressure swtch
i nput signal shall be simulated at the device. It shall be verified
that the filter alarmis initiated at the operator's console. The
differential pressure switch shall be set at the setpoint. This shal

be performed for each filter.

(8) Wth the HVAC systemrunning, a signal shall be applied to sinulate
an outdoor-air tenperature of 38 degrees F. It shall be verified that
the cooling coil recirculation punp starts and runs continuously. A
signal shall be applied to simulate a unit leaving air tenperature of 34
degrees F. It shall be verified that a low tenperature alarmis
initiated at the operator's console and the unit shuts down. The HVAC
system shall be restarted by manual restart and it shall be verified
that the alarmreturns to nornal

(10) Wth the HVAC system runni ng, a snoke detector trip input signa
shall be sinulated at each detector, and control device actions and
interlock functions as described in the Sequence of Operation shall be
verified. Simulation shall be performed without fal se-alarmng any Life
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Safety systenms. It shall be verified that the HVAC system shuts down
and the snoke detector alarmis initiated. The detectors shall be
reset. The HVAC systemshall be restarted by manual reset, and it shal
be verified that the alarmreturns to nornal

(11) Wth the HVAC system runni ng, an energency shutdown switch signa
shall be simulated. 1t shall be verified that the HVAC system shuts
down and that the shutdown alarmis initiated at the operator's consol e

(12) Wth the HVAC systemrunning, the fan status current sw tches
shall be verified at the operator's console.

3.3.10 Bl ower Coil Make-up Air Units
Steps for installation shall be as follows:

a. Step 1 - SystemlInspection: The HVAC systemshall be verified inits
shutdown condition. The systemshall be checked to see that power and main air
are avail abl e where required, that the outside air danper is closed.

b. Step 2 - Calibration Accuracy Check with HVAC System Shutdown: Readi ngs
shall be taken with a digital thernoneter at each tenperature sensing el enent
|l ocation. Each tenperature shall be read at the DDC controller, and the
t hernomet er and DDC system di spl ay readi ngs |1 ogged. The calibration accuracy of
the sensing el enent-to-DDC systemreadout for outside air, return air, and space
temperatures 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 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 extreme position to the
ot her.

d. Step 4 - Control System Conmi ssi oni ng:

(1) Wth the fan ready to start, the control systemshall be placed in
the occupied (or enabled), and it shall be verified that supply fan
starts. It shall be verified that the outside air danmper opens, and the
heating coil and cooling coil valves are under control, by simulating a
change in the space tenperature through an operator entered val ue

(4) An unoccupi ed (disabl ed) node signal shall be applied, and it shal
be verified that the HVAC system shuts down, and the control system
assunes the specified shutdown conditions.

(5 Wth the HVAC systemrunning, a filter differential pressure switch
i nput signal shall be simulated, at the device. It shall be verified
that the filter alarmis initiated. The differential pressure switch
shall be set at the setpoint as shown.

(6) Wth the HVAC systemrunning, a signal shall be applied to sinulate
an outdoor-air tenperature of 38 degrees F. It shall be verified that
the cooling coil recirculation punp starts and runs continuously. A
signal shall be applied to simulate a unit leaving air tenperature of 34
degrees F. It shall be verified that a |ow tenperature alarmis
initiated at the operator's console and the unit shuts down. The HVAC
system shall be restarted by manual restart and it shall be verified
that the alarmreturns to nornal
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(7) Wth the HVAC systemrunning, a snoke detector trip input signa
shal | be sinulated at each detector, and verification of control device
actions and interlock functions as described in the Sequence of Qperation
shall be nmade. Simulation shall be performed without false-alarmng any
Life Safety systens. It shall be verified that the HVAC system shuts
down and that the snoke detector alarmis initiated. The detectors

shall be reset. The HVAC systemshall be restarted by nanual reset, and
it shall be verified that the alarmsignal is changed to a
return-to-normal signal

(8) Wth the HVAC systemrunni ng, an energency shutdown switch signa
shall be sinmulated. 1t shall be verified that the HVAC system shuts
down and that the shutdown alarmis initiated at the operator's console

(9) Wth the HVAC systemrunning, the fan status current sw tches shal
be verified at the operator's consol e.

3.4 BALANCI NG, COWM SSI ONI NG, AND TESTI NG
3.4.1 Coordi nation with HVAC System Bal anci ng

Conmi ssi oni ng of the control system except for tuning of controllers, shall be
perfornmed prior to or simultaneous with HVAC system bal ancing. The contractor
shall tune the HVAC control systemafter all air system and hydronic system

bal anci ng has been conpl eted, m ni mum danper positions set and a report has been
i ssued.

3.4.2 Control System Calibration, Adjustments, and Conmi ssi oning

Control system conmi ssioning shall be performed for each HVAC system using test
pl ans and procedures previously approved by the Government. The Contractor shal
provide all personnel, equipnment, instrunentation, and supplies necessary to

per f orm commi ssi oning and testing of the HVAC control system Al
instrunentation and controls shall be calibrated and the specified accuracy shal
be verified using test equipment with calibration traceable to N ST standards.
Wring shall be tested for continuity and for ground, open, and short circuits.
Tubi ng 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

adj ust nent, and conmmi ssi oni ng of the operational HVAC control system Contro
parameters and logic (virtual) points including control |oop setpoints, gain
constants, and integral constraints, shall be adjusted before the systemis

pl aced on line. Communications requirenments shall be as indicated. Witten
notification of any planned comm ssioning or testing of the HVAC Control systens
shall be given to the Governnent at |east 14 cal endar days in advance

3.4.3 Per f ormance Verification Test

The Contractor shall denonstrate conpliance of the HVAC control systemwth the
contract docunents. Using test plans and procedures previously approved by the
Covernnent, the Contractor shall denonstrate all physical and functiona

requi renents of the project. The performance verification test shall show,
step-by-step, the actions and results denpbnstrating that the control systens
performin accordance with the sequences of operation. The perfornmance
verification test shall not be started until after receipt by the Contractor of
witten perm ssion by the Government, based on Governnent approval of the
Conmi ssi oni ng Report and conpl etion of balancing. The tests shall not be
conduct ed during schedul ed seasonal off periods of base heating and cooling
syst ens.

3.4.4 Endur ance Test
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The endurance test shall be used to denonstrate the specified overall system
reliability requirement of the conpleted system The endurance test shall not be
started until the Governnent notifies the Contractor in witing that the
performance verification test is satisfactorily conpleted. The Governnent may
termnate the testing at any tine when the systemfails to performas specified.
Upon termination of testing by the Governnent or by the Contractor, the
Contractor shall commence an assessnent period as described for Phase Il1. Upon
successful conpletion of the endurance test, the Contractor shall deliver test
reports and ot her 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
shal| operate as specified. The Contractor shall nake no repairs during this
phase of testing unless authorized by the Governnent in witing.

b. Phase Il (Assessnent). After the conclusion of Phase |, the Contractor
shall identify failures, determ ne causes of failures, repair failures, and
deliver a witten report to the Government. The report shall explain in detai
the nature of each failure, corrective action taken, results of tests perforned,
and shall recomend the point at which testing should be resumed. After
delivering the witten report, the Contractor shall convene a test review nmeeting
at the jobsite to present the results and recommendations to the Governnent. As
a part of this test review neeting, the Contractor shall denobnstrate that al
failures have been corrected by perform ng appropriate portions of the
performance verification test. Based on the Contractor's report and test review
nmeeting, the Government may require that the Phase | test be totally or partially
rerun. After the conclusion of any retesting which the Governnent may require,
the Phase Il assessnent shall be repeated as if Phase | had just been conpleted

.4.5 Post ed and Panel Instructions

Posted and Panel Instructions, showing the final installed conditions, shall be
provi ded for each system The posted instructions shall consist of |am nated
hal f - si ze drawi ngs and shall include the control system schematic, equipment
schedul e, sequence of operation, wiring diagram conmunication network di agram
and val ve and danper schedul es. The posted instructions shall be pernanently
af fi xed, by mechanical nmeans, to a wall near the control panel. Pane
instructions shall consist of lam nated |letter-size sheets and shall include a
Routi ne Mai nt enance Checklist and as-built configuration check sheets. Pane
instructions and one copy of the Operation and Mii ntenance Manual s, previously
descri bed herein, shall be placed inside each control panel or permanently

af fi xed, by mechani cal nmeans, to a wall near the panel

.5  TRAI N NG
.5.1 Trai ni ng Course Requirenents

A training course shall be conducted for 5 operating staff menbers designated by
the Contracting O ficer in the naintenance and operation of the system including
speci fied hardware and software. The training period, for a total of 32 hours of
normal working tine, shall be conducted within 30 days after successful

conpl etion of the performance verification test. The training course shall be
conducted at the project site. Audiovisual equipnment and 5 sets of all other
training materials and supplies shall be provided. A training day is defined as
8 hours of classroominstruction, including two 15 minute breaks and excl udi ng

I unchti me, Monday through Friday, during the daytinme shift in effect at the
training facility.

.5.2 Trai ni ng Course Content

For guidance in planning the required instruction, the Contractor shall assune
that attendees will have a high school education or equivalent, and are famliar
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with HVAC systens. The training course shall cover all of the material contained
in the Operating and Mai ntenance Instructions, the layout and | ocation of each
HVAC control panel, the |layout of one of each type of unitary equi prent and the

| ocations of each, the location of each control device external to the panels

the location of the conpressed air station, preventive maintenance

troubl eshooti ng, diagnostics, calibration, adjustnent, conm ssioning, tuning, and
repair procedures. Typical systens and simlar systens may be treated as a
group, with instruction on the physical |ayout of one such system The results
of the performance verification test and the calibration, adjustment and
conmi ssi oni ng report shall be presented as benchmarks of HVAC control system

per formance by which to nmeasure operation and mai ntenance effectiveness.

-- End of Section --
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ANSI

ANSI

ANSI

ANSI

ANSI

ANSI

ANSI

ANSI

ANSI

The publications are referred to in the text by basic designation

AVERI CAN NATI ONAL STANDARDS | NSTI TUTE ( ANSI)

C29.1

C29.2

C29.3

C29. 4

C29.5

C29.6

C29.8

C29.9

C37. 32

C57.12. 20

C135.1

C135. 2

C135. 4

C135. 14

(1988; R 1996) Electrical Power Insulators -
Test Met hods

(1992) Insulators - Wt-Process Porcelain and
Toughened G ass - Suspensi on Type

(1986; R 1995) Wet Process Porcelain Insulators
- Spool Type

(1989; R 1995) Wet-Process Porcelain Insulators
- Strain Type

(1984; R 1995) Wet-Process Porcelain Insulators
- Low and Medi um Vol t age Types

(1996) Wet-Process Porcelain Insulators -
H gh-Vol tage Pin Type

(1985; R 1995) Wet-Process Porcelain Insulators
- Apparatus, Cap and Pin Type

(1983; R 1996) Wet-Process Porcelain Insulators
- Apparatus, Post-Type

(1996) Hi gh-Voltage Air Switches, Bus Supports,
and Switch Accessories - Schedul es of Preferred
Rati ngs, Manufacturing Specifications, and
Application CQuide

(1997) Overhead Type Distribution Transforners,
500 KVA and Snaller: Hi gh Voltage 34 500 Volts
and Bel ow. Low Voltage, 7970/13 800 Y Volts and
Bel ow

(1979) Gal vani zed Steel Bolts and Nuts for
Over head Li ne Construction

(1999) Threaded Zi nc-Coated Ferrous Strand-Eye
Anchor Rods and Nuts for Overhead Line
Construction

(1987) Zinc-Coated Ferrous Eyebolts and Nuts for
Over head Line Construction

(1979) Staples with Rolled or Slash Points for
Over head Line Construction
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ANSI C135. 22 (1988) Zinc-Coated Ferrous Pol e-Top I nsul at or
Pins with Lead Threads for Overhead Line
Construction

ANSI C135. 30 (1988) Zinc-Coated Ferrous Ground Rods for
Over head or Underground Line Construction

ANSI 6.1 (1992) Specifications and Di nmensions for Wod
Pol es

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

ASTM A 36/ A 36M (2001) Carbon Structural Steel

ASTM A 123/ A 123M (2001a) Zinc (Hot-Di p Gal vani zed) Coatings on
Iron and Steel Products

ASTM A 153/ A 153M (2001a) Zinc Coating (Hot-Dip) on Iron and Steel
Har dwar e

ASTM A 475 (1998) Zinc-Coated Steel Wre Strand

ASTM A 575 (1996; R 2002) Steel Bars, Carbon, Merchant
Quality, M G ades

ASTM A 576 (1990b; R 2000) Steel Bars, Carbon, Hot-Wought,
Special Quality

ASTM B 1 (2001) Hard-Drawn Copper Wre

ASTM B 8 (1999) Concentric-Lay-Stranded Copper
Conductors, Hard, Medium Hard, or Soft

ASTM B 117 (1997) Operating Salt Spray (Fog) Apparatus

ASTM B 228 (1998) Concentric-Lay-Stranded Copper-C ad Steel
Conduct or s

ASTM B 230/ B 230M (1999) Al um num 1350-H19 Wre for Electrical
Pur poses

ASTM B 231/ B 231M (2001el) Concentric-Lay-Stranded Al um num 1350
Conduct ors

ASTM B 232/ B 232M (2001el) Concentric-Lay-Stranded Al um num
Conduct ors, Coated-Steel Reinforced (ACSR)

ASTM B 398/ B 398M (1999) Al umi num Al l oy 6201-T81 Wre for
El ectrical Purposes

ASTM B 399/ B 399M (1999) Concentric-Lay-Stranded Al um num Al | oy
6201-T81 Conductors

ASTM B 416 (1998) Concentric-Lay-Stranded A um num d ad
St eel Conductors

ASTM D 923 (1997) Sanpling Electrical Insulating Liquids

ASTM D 1654 (1992; R 2000) Evaluation of Painted or Coated

Speci nmens Subj ected to Corrosive Environnents

ASTM D 4059 (2000) Anal ysis of Polychlorinated Bi phenyls in

16370A-2



AWPA

AWPA

AWPA

AWPA

AWPA

AWPA

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

cA

C25

W012DQ- 04- B- 0004- 0001

I nsul ating Liquids by Gas Chronat ography.

AVERI CAN WOCD- PRESERVERS'  ASSCCI ATI ON ( AWPA)

P1/ P13

P5

P8

P9

c2

C37.

C37.

C37.

C37.

C57.

C57.

C57.

C57.

C57.

C57.

C62.

C62.

I NSTI TUTE OF ELECTRI CAL

34

41

60

63

12.

13.

15

19.

19.

98

1

2

00

00

01

(1999) Poles - Preservative Treatnent by
Pressure Processes

(2001) Sawn Crossarns - Preservative Treat nment
by Pressure Processes

(2001) Standard for Creosote Preservative
(2001) Standard for Waterborne Preservatives
(2001) Standard for QO -Borne Preservatives

(2001) Standards for Solvents and Fornul ati ons
for Organic Preservative Systens

AND ELECTRONI CS ENG NEERS (| EEE)
(2002) National Electrical Safety Code
(1994) Test Code for Hi gh-Voltage Air Switches

(2000) Design Tests for Hi gh-Voltage Fuses,
Di stribution Enclosed Single-Pole Air Swtches,
Fuse Di sconnecting Swi tches, and Accessories

(1981; R 1992) Requirenents for Overhead, Pad
Mounted, Dry Vault and Subnersible Automatic
Circuit Reclosers and Fault Interrupters for AC
Systens

(1997) Requirenents for Overhead, Pad-Mounted,
Dry-Vault, and Subnersible Automatic Line
Sectionalizers for AC Systens

(2000) General Requirenents for Liquid-Imrersed
Di stribution, Power, and Regul ating Transforners

(1991) Standard Confornmance Test Procedures for
I nstrument Transforners

(1999) Requirenents, Term nology, and Test Code
for Step-Voltage Regul ators

(1991; R 1997) Standard Ceneral Requirenents and
Test Procedures for Qutdoor Power Apparatus
Bushi ngs

(2000) Performance Characteristics and
D mensi ons for Qutdoor Apparatus Bushings

(1994) @uide for Transforner |Inpulse Tests

(1989; R 1994) Surge Arresters for AC Power
Crcuits

(1987; R 1994) @uide for the Application of

CGapped Silicon-Carbide Surge Arresters for
Alternating Current Systens
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(1999) Metal -Oxide Surge Arresters for AC Power
Crcuits

(1992) Shunt Power Capacitors

(1983) Guide for Measuring Earth Resistivity,
G ound | npedance, and Earth Surface Potentials
of a Gound System (Part 1)

(2000) | EEE Standard Dictionary of Electrical
and El ectronics Terns

(2001) Recommended Practice for Protection and
Coordinati on of Industrial and Commercial Power
Systens - Buff Book

(1997) Recommended Practice for Power Systens
Anal ysis - Brown Book

(2000) Cable Joints for Use with Extruded

Di el ectric Cable Rated 5000 V Through 138 000 V
and Cabl e Joints for Use with Lam nated

Di el ectric Cable Rated 2500 V Through 500 000 V

| NSULATED CABLE ENG NEERS ASSCCI ATI ON (| CEA)

S- 70- 547

(2000) Weat her Resistant Pol yol efin Covered
Conduct ors

NATI ONAL ELECTRI CAL MANUFACTURERS ASSCCI ATI ON ( NEMA)

HY 2

ICS 6

LA 1

SG 2

TP 1

NENVA

NEVA

NFPA

RUS Bul |

WC 74

(1984; R 1996) Application Guide for Ceranic
Suspensi on | nsul ators

(1993; R 2001) Industrial Control and Systens,
Encl osures

(1992; R 1999) Surge Arresters
(1993) Hi gh Vol tage Fuses

(2002) @uide for Determining Energy Efficiency
for Distribution Transforners

(2000) 5-46 kV Shiel ded Power Cable for Use in
the Transnission and Distribution of Electrical
Ener gy

NATI ONAL FI RE PROTECTI ON ASSCCI ATI ON ( NFPA)

70

(2002) National Electrical Code

U S. DEPARTMENT OF AGRI CULTURE ( USDA)

1728H 701

(1993) REA Specification for Wod Crossarns
(Solid and Lami nated), Transm ssion Tinbers and
Pol e Keys

UNDERWRI TERS LABORATCORI ES (UL)

UL 467

(1993; Rev thru Feb 2001) G oundi ng and Bondi ng
Equi pment
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UL 486A (1997; Rev thru May 2001) Wre Connectors and
Sol dering Lugs for Use with Copper Conductors

UL 486B (1997; Rev thru May 2001) Wre Connectors for
Use wi th Al um num Conductors

1.2  GENERAL REQUI REMENTS

1.2.1 Ter m nol ogy
Term nol ogy used in this specification is as defined in | EEE Std 100.

1.2.2 Servi ce Conditions
Itens provided under this section shall be specifically suitable for the
following service conditions. Seisnic details shall conformto Section SEI SM C

PROTECTI ON FOR ELECTRI CAL EQUI PMENT as i ndi cat ed.

1.3 SUBM TTALS
Covernnent approval is required for subnmittals with a "G' designation; submttals
not having a "G' designation are for information only. Wen used, a designation
following the "G' designation identifies the office that will reviewthe

submttal for the Governnent. The follow ng shall be submitted in accordance
wi th Section 01330 SUBM TTAL PROCEDURES:

SD-02 Shop Draw ngs
El ectrical Distribution System G DF.
Detail draw ngs consisting of equipment drawi ngs, illustrations,
schedul es, instructions, diagrans and other information necessary to

define the installation and enable the Government to check conformty
with the requirenents of the contract drawings. Detail draw ngs shall as

a m ni mum i ncl ude:

a. Constant current regul ators.

b. Poles.

c. Calculations for steel poles and power installed screw foundations.

d. Crossarns.

e. Transforners.

f. Automatic circuit reclosers.

g. Pole top switches.

h. Conductors.

i. Insulators.

j. Surge arresters.

If departures fromthe contract drawi ngs are deened necessary by the
Contractor, conplete details of such departures shall be submtted with

the detail drawi ngs. Approved departures shall be nade at no additi onal
cost to the Governnent.

Detail draw ngs shall show how conponents are assenbl ed, function
together and how they will be installed on the project. Data and
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drawi ngs for conponent parts of an itemor system shall be coordi nated
and submtted as a unit. Data and draw ngs shall be coordinated and
included in a single submission. Miltiple submssions for the sane
equi pnent or system are not acceptabl e except where prior approval has
been obtained fromthe Contracting Officer. 1In such cases, a list of
data to be submitted later shall be included with the first subm ssion.
Detail draw ngs shall consist of the follow ng:

a. Detail draw ngs show ng physical arrangenment, construction details,
connections, finishes, materials used in fabrication, provisions for
conduit or busway entrance, access requirenments for installation and
mai nt enance, physical size, electrical characteristics, foundation and
support details, and equi pnment weight. Draw ngs shall be drawn to scale
and/ or dinensioned. Optional itenms shall be clearly identified as
i ncl uded or excl uded.

b. Internal wiring diagrans of equi pnent showing wiring as actually
provided for this project. External wi ring connections shall be clearly
i dentifi ed.

As-Built Drawi ngs; G DF.

The as-built drawi ngs shall be a record of the construction as
installed. The draw ngs shall include the information shown on the
contract drawi ngs as well as deviations, nodifications, and changes from
the contract drawi ngs, however minor. The as-built draw ngs shall be
kept at the job site and updated daily. The as-built draw ngs shall be
a full sized set of prints marked to reflect deviations, nodifications,
and changes. The as-built draw ngs shall be conplete and show the
| ocation, dinmensions, part identification, and other information.

Addi tional sheets may be added. The as-built drawi ngs shall be jointly
i nspected for accuracy and conpl eteness by the Contractor's quality
control representative and by the Contracting Officer prior to the
subm ssi on of each nonthly pay estimate. Upon conpl etion of the work,
the Contractor shall submit three full sized sets of the nmarked prints
to the Contracting Oficer for approval. |If upon review, the as-built
drawi ngs are found to contain errors and/or omissions, they will be
returned to the Contractor for correction. The Contractor shall correct
and return the as-built drawings to the Contracting Oficer for approval
within ten cal endar days fromthe time the drawings are returned to the
Contractor.

SD- 03 Product Data
Fault Current Analysis; G DF.
Protective Device; G DF.
Coordi nation Study; G DF.

The study shall be submitted along with protective device equi pnent
subnmittals. No time extensions or simlar contract nodifications will be
granted for work arising out of the requirenents for this study.

Approval of protective devices proposed shall be based on recommendati ons
of this study. The Governnment shall not be held responsible for any
changes to equi pnent, device settings, ratings, or additional |abor for
installation of equi pnent or devices ordered and/or procured prior to
approval of the study.

Namepl ates; G RE

Catal og cuts, brochures, circulars, specifications, product data, and
printed information in sufficient detail and scope to verify conpliance
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with the requirenents of the contract docunents
Material and Equi pnent; G RE

A conplete item zed listing of equipnment and naterials proposed for

incorporation into the work. Each entry shall include the item nunber,
the quantity of itens proposed, and the nane of the manufacturer of the
item

Ceneral Installation Requirenents; G RE

As a mininmum installation procedures for regulators, transformers and
reclosers. Procedures shall include diagrams, instructions, and
precautions required to install, adjust, calibrate, and test the devices
and equi pnent.

SD- 06 Test Reports

Factory Tests; G RE

Certified factory test reports shall be subm tted when the manufacturer
perfornms routine factory tests, including tests required by standards
listed in paragraph REFERENCES. Results of factory tests performed shal
be certified by the manufacturer, or an approved testing |aboratory, and
submtted within 7 days follow ng successful conpletion of the tests
specified in applicable publications or in these specifications.
Field Testing; G RE

A proposed field test plan 20 days prior to testing the installed
system No field test shall be performed until the test plan is
approved. The test plan shall consist of conplete field test procedures
including tests to be perfornmed, test equi pment required, and tol erance
limts.
Operating Tests; G RE

Six copies of the information described belowin 215.9 by 279.4 mm
(8-1/2 by 11 inch) binders having a minimumof 5 rings, and including a
separate section for each test. Sections shall be separated by heavy
plastic dividers with tabs.

a. Alist of equipnent used, with calibration certifications.

b. A copy of neasurenents taken.

c. The dates of testing.

d. The equi pnent and values to be verified.

e. The condition specified for the test.

f. The test results, signed and dated

g. A description of adjustnents nmade.

SD-07 Certificates

Material and Equi pnent; G RE

Where materials or equi pnment are specified to conformto the standards

of the Underwiters Laboratories (UL) or to be constructed or tested, or
both, in accordance with the standards of the Anerican National Standards
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Institute (ANSI), the Institute of Electrical and El ectronics Engineers
(IEEE), or the National Electrical Manufacturers Association (NEMY), the
Contractor shall subnmit proof that the items provided under this section
of the specifications conformto such requirenments. The |abel of, or
listing by, UL will be acceptable as evidence that the itens conform
thereto. Either a certification or a published catal og specification
data statenment, to the effect that the itemis in accordance with the
referenced ANSI or | EEE standard, will be acceptable as evidence that the
itemconfornms thereto. A similar certification or published catal og
specification data statenent to the effect that the itemis in
accordance with the referenced NEMA standard, by a conpany listed as a
menber conpany of NEMA, will be acceptable as evidence that the item
conforns thereto. |In lieu of such certification or published data, the
Contractor may submit a certificate froma recogni zed testing agency
equi pped and conpetent to perform such services, stating that the itens
have been tested and that they conformto the requirements |i sted,

i ncl udi ng nethods of testing of the specified agencies.

SD- 10 Operati on and Mai ntenance Data
El ectrical Distribution System G RE

Si x copies of Operation and Mai ntenance manual s el ectrical distribution
system shall be provided, within 7 cal endar days foll owi ng the conpl etion
of tests and shall include assenbly, installation, operation and
mai nt enance instructions, spare parts data which provi des supplier nang,
current cost, catal og order nunmber, and a recommended |ist of spare parts
to be stocked. Manuals shall also include data outlining detailed
procedures for systemstartup and operation, and a troubl eshooting guide
whi ch |ists possible operational problens and corrective action to be
taken. A brief description of all equipnment, basic operating features,
and routine mai ntenance requirenents shall also be included. Docunents
shall be bound in a binder marked or identified on the spine and front
cover. A table of contents page shall be included and narked with
pertinent contract information and contents of the manual. Tabs shall be
provided to separate different types of docunents, such as catal og
ordering information, draw ngs, instructions, and spare-parts data
I ndex sheets shall be provided for each section of the manual when
warranted by the quantity of documents included under separate tabs or
dividers. Three additional copies of the instructions nanual shall be
provi ded within 30 cal endar days follow ng the manual s.

Three additional copies of the instructions manual wthin 30 cal endar
days follow ng the approval of the nanuals.

1.4  DELIVERY, STORAGE, AND HANDLI NG

Devi ces and equi pnent shall be visually inspected by the Contractor when received
and prior to acceptance from conveyance. Stored itenms shall be protected from
the environment in accordance with the manufacturer's published instructions.
Darmeged itens shall be replaced. G filled transforners and switches shall be
stored in accordance with the manufacturer's requirenments. Wod poles held in
storage for nore than 2 weeks shall be stored in accordance with ANSI 6. 1.
Handl i ng of wood poles shall be in accordance with ANSI (6.1, except that pointed
tool s capabl e of producing indentations nore than inch in depth shall not be used
Met al pol es shall be handl ed and stored in accordance with the manufacturer's
i nstructions.

1.5 EXTRA MATERI ALS
One additional spare fuse or fuse elenent for each furnished fuse or fuse el enent

shall be delivered to the Contracting O ficer when the electrical systemis
accepted. Two conplete sets of all special tools required for nmintenance shal
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be provided, complete with a suitable tool box. Special tools are those that
only the manufacturer provides, for special purposes (to access conpartnents, or
operate, adjust, or mmintain special parts).

PART 2 PRODUCTS

2.

1  GENERAL REQUI REMENTS

Products shall conformto the following requirements. Itenms of the sane
classification shall be identical including equiprent, assenblies, parts, and
conponent s.

.2 STANDARD PRODUCT

Mat eri al and equi pnent shall be the standard product of a manufacturer regularly
engaged in the manufacture of the product and shall essentially duplicate itens
that have been in satisfactory use for at least 2 years prior to bid opening.

.3 NAVEPLATES

.3.1 Cener a

Each maj or conponent shall have the manufacturer's nane, address, type or style,
nodel or serial nunber, and catal og nunber on a nanepl ate securely attached to
the equi pnment. Equi pment containing liquid-dielectrics shall have the type of
dielectric on the naneplate. Naneplates shall be made of noncorrosive netal. As
a mnimum nanepl ates shall be provided for transformers, regulators, circuit
breakers, capacitors, neters and sw tches

.3.2 Li quid-Fill ed Transforner Narepl ates

Power transfornmers shall be provided in accordance with | EEE C57.12. 00.

Namepl ates shal |l indicate the nunber of liters and composition of
liquid-dielectric, and shall be permanently marked with a statenent that the
transforner dielectric to be supplied is non-polychlorinated biphenyl. If

transforner naneplate is not so marked, the Contractor shall furnish
manufacturer's certification for each transformer that the dielectric in non-PCB
classified, with less than 50 ppm PCb content in accordance w th paragraph LI QU D
DI ELECTRICS. Certifications shall be related to serial nunbers on transforner
nanepl ates. Transforner dielectric exceeding the 50 ppm PCB content or
transfornmers without certification will be considered as PCB insulated and will
not be accepted

.4 CORRCSI ON PROTECTI ON

.4.1 Al um num Materi al s

Al um num shal |l not be used.

.4.2 Ferrous Metal Materials

.4.2.1 Har dwar e

Ferrous netal hardware shall be hot-dip gal vani zed in accordance with ASTM A
153/ A 153M and ASTM A 123/ A 123M

.4.2.2 Equi prent

Equi pment and conponent items, including but not Iimted to transformers and
ferrous netal lum naires not hot-dip gal vani zed or porcelain enanel finished
shal | be provided with corrosion-resistant finishes which shall w thstand 120
hours of exposure to the salt spray test specified in ASTM B 117 w t hout | oss of
pai nt or rel ease of adhesion of the paint primer coat to the netal surface in
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excess of 1.6 mm (1/16 inch) fromthe test mark. The described test mark and
test evaluation shall be in accordance with ASTM D 1654 with a rating of not |ess
than 7 in accordance with TABLE 1, (procedure A). Cut edges or otherw se damaged
surfaces of hot-dip galvani zed sheet steel or mill gal vani zed sheet steel shall
be coated with a zinc rich paint conforming to the manufacturer's standard.

.4.3 Fi ni shi ng

Painting required for surfaces not otherw se specified and finish painting of

itens only prined at the factory shall be as specified in Section 09900 PAI NTS
AND COATI NGS.

.5 CONDUCTORS, CONNECTCORS, AND SPLI CES

.5.1 Al um num Conposition Conductors

.5.2 Copper Conductors

Har d- dr awn- copper conductors shall conply with ASTMB 1 and ASTM B 8 as
appropriate for the conductor size.

.5.3 Connectors and Splices

Connectors and splices shall be of copper alloys for copper conductors, alum num
al l oys for al um num conposition conductors, and a type designed to mninmnze

gal vani c corrosion for copper to alum num conposition conductors.

Al um num conposi ti on and al um num conposition to copper shall conply with UL 486B,
and copper-to-copper shall conply with UL 486A.

.6  MEDI UM VOLTAGE LI NES

.6.1 Bare Medi um Vol t age Li nes

Bare medi um vol tage |ine conductors shall be hard-drawn-copper, CU. Conductor
types shall not be mi xed on any project, unless specifically indicated.
Conductors larger than No. 2 AWG shall be stranded.

.6.2  TEXT DELETED

TEXT DELETED

.7 LOW VOLTAGE LI NES

Low vol tage |ine conductors shall be of the neutral -supported secondary and
service drop type with cross-linked thernosetting pol yethylene (XLP) insul ation.
Neut ral - supported secondary and service drop conductors shall be insul ated copper
wi th bare hard-drawn-copper or copper-clad steel neutrals. Conductors on
secondary racks may be provided in lieu of neutral-supported cable for pole line
circuits where necessary cl earances are avail abl e.

.8 POLES AND HARDWARE
Pol es shall be of |engths and cl asses i ndicat ed.
.8.1 Wod Pol es

Wod pol es shall conply with ANSI 6.1, and shall be pressure treated in
accordance with AWPA C4, with creosote conformng to AWPA P1/P13or with oil -borne
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preservatives and petrol eum conform ng to AWPA P8 and AWPA P9, respectively, and
wat er borne preservatives conformng to AWPA P5. \Waterborne preservatives shal
be either chromated or amoni acal copper arsenate. Any species listed in ANSI
6.1 for which a preservative treatnent is not specified in AWPA C4, shall not be
used; northern white cedar, if treated as specified for western red cedar, and
western fir, if treated as specified for Douglas fir, may be used. Wod poles
shal | have pole nmarkings |ocated approximately 3 m from pole butts for poles
15.2 m (50 feet) or less in length. Poles shall be machine trimed by turning
smooth full length, and shall be roofed, gained, and bored prior to pressure
treatnent. Were poles are not provided with factory-cut gains, netal gain

pl ates shall be provided.

.8.2 St eel Pol es

St eel poles shall be designed to withstand the | oads specified in | EEE C2

mul tiplied by the appropriate overload capacity factors, shall be hot-dip

gal vani zed in accordance with ASTM A 123/ A 123M and shall not be painted. Poles
shal | have tapered tubular nenbers, either round in cross-section or polygonal,
and conply with strength cal cul ati ons perfornmed by a registered professiona

engi neer. Calculations shall be submitted in accordance with the detail draw ngs
portion of paragraph SUBM TTALS. Pole shafts shall be one piece. Poles shall be
wel ded construction with no bolts, rivets, or other neans of fastening except as
specifically approved. Pole markings shall be approximtely 900 to 1270 nm
above grade and shall include manufacturer, year of manufacture, top and bottom
diameters, length, and a |loading tree. Attachnent requirenents shall be provided
as indicated, including grounding provisions. dinbing facilities are not

requi red. Bases shall be of the anchor-bolt-nmounted type.

.8.3 Pol e Li ne Hardware

Zi nc-coated hardware shall conmply with ANSI C135.1, ANSI C135.2, ANSI C135.4,

ANSI C135.14 ANSI C135.22. Steel hardware shall conply with ASTM A 575 and ASTM
A 576. Hardware shall be hot-dip galvanized in accordance with ASTM A 153/ A 153M

Pol e-1ine hardware shall be hot-dip gal vani zed steel. Washers shall be

install ed under boltheads and nuts on wood surfaces and el sewhere as required.
Washers used on through-bolts and doubl e-arnming bolts shall be approximtely 57.2
mm square and 4.8 mm (3/16 inch) thick. The dianmeter of holes in washers shal
be the correct standard size for the bolt on which a washer is used. Washers for
use under heads of carriage-bolts shall be of the proper size to fit over square
shanks of bolts. Eye bolts, bolt eyes, eyenuts, strain-load plates, |ag screws,
guy cl anps, fasteners, hooks, shins, and clevises shall be used wherever required
to support and to protect poles, brackets, crossarms, guy wires, and insulators.

.8.4 GQuy Assenblies

CQuy assenblies shall be copper-clad steel in accordance with ASTM B 228 or
zinc-coated steel in accordance with ASTM A 475. Quy assenblies, including

i nsul ators and attachnents, shall provide a strength exceeding the required guy
strength. Three-eye thinbles shall be provided on anchor rods to permt
attachnent of individual primary, secondary, and conmuni cati on down guys.
Anchors shall provide adequate strength to support all |oads. Quy strand shal
be 7 strand. Guy material shall be dass 30 HS copper-clad steel , except where
two or nore guys are used to provide the required strength. Quy rods shall be
not less than 2.1 m (7 feet) in length by 15.9 nm (5/8 inch) in dianeter

.9 I NSULATCRS

Insulators shall conply with NEMA HV 2 for general requirenments. Suspension

i nsul ators shall be used at corners, angles, dead-ends, other areas where |ine
i nsul ators do not provide adequate strength, and as indicated. Mechanica
strength of suspension insulators and hardware shall exceed the rated breaking
strength of the attached conductors.
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9.1 Medi um Vol t age Li ne I nsulators

Medi um vol tage line insulators shall conply with ANSI C29.2, ANSI C29.5, and ANS|
C29.6, and as applicable. Ratings shall not be | ower than the ANSI cl asses

indicated in TABLE |I. Horizontal |ine-post insulators shall be used for arm ess
construction and shall have the same nechanical and electrical ratings as
vertical line-post insulators for the ANSI class indicated, but shall be nodified

to be suitable for horizontal installation. Were |ine-post insulators are used
for angles greater than 15 degrees, clanp-top fittings shall be provided as well
as for other locations shown. Conductor clanps for use with clanmp-top, |ine-post
i nsul ators shall be hot-dip gal vani zed nal |l eable iron for copper conductors and
al um num al I oy for al um num conposition conductors. Either |ine-post or pin

i nsul ators may be used for crossarmconstruction. Pin insulators for use on

vol tages in excess of 6 kV phase-to-phase shall be radio-interference-freed or

el se line-post insulators shall be used.

TABLE |

M NI MUM ANSI RATI NG CF MEDI UM VOLTAGE | NSULATORS BY CLASS

Vol t age Level Li ne- Post Pi n Suspensi on
Up to 5 kV 57-1 or 11 55-3 One 52-1
57-1 or 11 55-5 Two 52-1
6 kV to 15 kV 57-1 or 11 55-5 Two 52-2
57-2 or 12 56- 3 Two 52-3 or 4
16 kV to 25 kV 57-2 or 12 56- 3 Two 52-3 or 4
57-3 or 13 56-4 Three 52-3 or 4
26 kV to 35 kV 57-3 or 13 56-4 Three 52-3 or 4
57-4 or 14 56-5 Four 52-3 or 4

9.2 Low Vol t age Line Insulators

Low vol tage line insulators shall conply with ANSI C29.2 and ANSI C29.3 as
applicable. Spool insulators for use on lowvoltage lines shall be rmounted on
clevis attachnents or secondary racks and shall be not smaller than O ass 53-2.
For No. 4/0 AWG and | arger conductors, Cass 53-4 shall be used. Suspension
insulators on clevis attachments used at dead-ends shall be not snaller than

C ass 52-1.

.9.3 Strain Insulators for GQuy Wres

Strain insulators for use in insulated guy assenblies shall conply with ANSI C29.4
for porcelain or equivalent fiberglass, and shall have a nechanical strength
exceedi ng the rated breaking strength of the attached guy wire. Insulators shall
be not smaller than Cass 54-1 for lines up to 5 kV, not snaller than Cass 54-2
for lines of 6 kV to 15 kV, not smaller than O ass 54-4 for |lines of 16 kV to 25
kV, and not snaller than Cass 54-4 with two in tandemfor lines of 26 kV to 35
kV.

.9.4 Apparatus | nsul ators

Apparatus insulators shall conply with | EEE C57.19.00, |EEE C57.19.01, ANSI C29.8,
and ANSI C29.9 as applicable.

.10  CROSSARM ASSEMBLI ES

.10.1 Crossarns

Crossarns shall comply with RUS Bull 1728H 701 and shall be solid wood,
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distribution type, except cross-sectional area with pressure treatnment conformn ng
to AWPA C25, and a 6.4 nm (1/4 inch), 45 degree chanfer on all top edges.
Cross-sectional area m ni mum di mensions shall be 108.0 nm (4-1/4 inches) in

hei ght by 82.6 mm (3-1/4 inches) in depth in accordance with |EEE C2 for G ade
B construction. Crossarns shall be 2.4 m (8 feet) in length, except that 3.1 m
(10 foot) «crossarns shall be used for crossarm nounted banked singl e- phase
transformers or el sewhere as indicated. OCrossarns shall be machined, chanfered,
trimed, and bored for stud and bolt hol es before pressure treatnent. Factory

drilling shall be provided for pole and brace nounting, for four pin or four
vertical |ine-post insulators, and for four suspension insulators, except where
otherwi se indicated or required. Drilling shall provide required clinbing space

and wire clearances. Crossarnms shall be straight and free of twists to within
2.5 mmper 304.8 nm (1/10 inch per foot) of length. Bend or twist shall be in
one direction only.

11 I LLUM NATI ON
.12 SURGE ARRESTERS

Surge arresters shall conply with NEMA LA 1 and | EEE C62.1, |EEE C62.2, and | EEE
C62.11, and shall be provided for protection of aerial-to-underground
transitions, automatic circuit reclosers, capacitor equi pnent, group-operated

| oad-interrupter switches, transfornmers and ot her indicated equipnent. Arresters
shall be distribution class, rated as showmn. Arresters shall be equi pped with
mounting brackets suitable for the indicated installations. Arresters shall be
of the netal -oxide varistor type suitable for outdoor installations.

.13 GROUNDI NG AND BONDI NG
.13.1 Driven Ground Rods

Ground rods shall be of copper-clad steel conformng to UL 467 not |less than 15.9
mm (5/8 inch) in dianeter by 2.4 meter (8 feet) in length of the sectional type
driven full length into the earth.

.13.2 G oundi ng Conductors

G oundi ng conductors shall be bare, except where installed in conduit with
associ at ed phase conductors. |nsulated conductors shall be of the sane materi al
as the phase conductors and green col or-coded, except that conductors shall be
rated no nore than 600 volts. Bare conductors shall be ASTM B 8 soft-drawn

unl ess otherwi se indicated. Aluminumis not acceptable.

.14 PADLOCKS

Padl ocks shall conply with Section 08700 ' Buil ders' Hardware.

.15  WARNI NG SI G\S

War ni ng signs shall be porcel ain enanel ed steel or approved equal. Voltage
war ni ng signs shall conply with | EEE C2.

.16  FACTORY TESTS
Factory tests shall be performed, as follows, in accordance with the applicable
publications and with other requirenments of these specifications. The

Contracting Oficer shall be notified at |east 10 days before the equipment is
ready for testing.
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g. FEectric Power Insulators: Manufacturer's standard tests in accordance
with ANSI C29.1

17  COORDI NATED PONER SYSTEM PROTECTI ON

Anal yses shall be prepared to denonstrate that the equi pnent selected and system
constructed neet the contract requirenents for equipnment ratings, coordination,
and protection. They shall include a load flow analysis, a fault current

anal ysis, and a protective device coordination study. The studies shall be
performed by a registered professional engineer with denonstrated experience in
power system coordination in the last three years. The Contractor shall provide
list of references conplete with points of contact, address and tel ephone
nunbers. The selection of the engineer is subject to the approval of the
Contracting O ficer.

.17.1 Scope of Anal yses

The fault current analysis, and protective device coordination study shall begin
at: the nearest upstreamdevice in the existing source system and extend through
t he downstream devices at the | oad end

L17.2 Det erm nati on of Facts

The tinme-current characteristics, features, and naneplate data for each existing
protective deice shall be determn ned and docunented. The Contractor shal
coordinate with the conmerci al power conpany for fault current availability at
the site.

.17.3 Si ngl e Li ne D agram

A single line diagramshall be prepared to show the el ectrical system buses

devi ces, transforner points, and all sources of fault current (including
generator and motor contributions). A fault-inpedance diagramor a conputer

anal ysi s di agram nay be provided. Each bus, device or transformer point shal
have a unique identifier. |If a fault-inpedance diagramis provided, inpedance
data shall be shown. Locations of switches, breakers, and circuit interrupting
devi ces shall be shown on the diagramtogether with available fault data, and the
device interrupting rating

.17. 4 Fault Current Analysis

The fault current analysis shall be perforned in accordance with nethods
described in IEEE Std 242 and | EEE Std 399. Actual data shall be utilized in
fault calculations. Bus characteristics and transforner inpedances shall be
those proposed. Data shall be docunented in the report.

.17.5 Fault Current Availability

Bal anced t hree-phased fault, bolted line-to-line fault, and line-to-ground fault
current values shall be provided at each voltage transformation point and at each
power distribution bus. The naxi rum and m ni rum val ues of fault avail able at
each | ocation shall be shown in tabular formon the diagramor in the report.
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2.17.6 Coordi nati on Study

2.

The study shall denonstrate that the maxi mum possi bl e degree of selectively has
been obt ai ned between devi ces specified, consistent with protection of equi pnent
and conductors from danmage from overl oads and fault conditions. The study shal

i nclude a description of the coordination of the protective devices in this
project. Provide a witten narrative that describes: which devices may operate
in the event of a fault at each bus; the logic used to arrive at device ratings
and settings; situations where system coordination is not achievable due to
device limtations (an analysis of any device curves which overlap); coordination
bet ween upstream and downstream devi ces; and relay settings. Recommendations to
i nprove or enhance systemreliability, and detail where such changes woul d

i nvol ve additions or nodifications to the contract and cost changes (addition or
reduction) shall be provided. Conposite coordination plots shall be provided on
| og-1 0g graph paper

17.7 St udy Report

a. The report shall include a narrative describing: the analyses perforned;
the bases and net hods used; and the desired nmethod of coordinated
protection of the power system

b. The study shall include descriptive and technical data for existing
devi ces and new protective devices proposed. The data shall include
manuf act urers published data, naneplate data, and definition of the fixed
or adjustable features of the existing or new protective devi ces.

c. The report shall docunent utility conpany data including systemvoltages,
fault MVA, system XR ratio, tine-current characteristics curves, current
transforner ratios, and relay device nunbers and settings; and existing
power systemdata including time-current characteristics curves and
protective device ratings and settings.

d. The report shall contain fully coordi nated conposite time-current
characteristic curves for each bus in the system as required to ensure
coordi nated power system between protective devices or equipnment. The
report shall include recomended ratings and settings of all protective
devices in tabulated form

e. The report shall provide the calculation perforned for the anal yses
i ncludi ng conputer analysis prograns utilized. The nane of the software
package, devel oper, and version nunber shall be provided

PART 3 EXECUTI ON

3.

3.

1  GENERAL | NSTALLATI ON REQUI REMENTS

Equi prent and devi ces shall be installed and energi zed in accordance with the
manufacturer's published instructions. GCrcuits installed in conduits or

under ground and splices and term nations for medi umvol tage cabl e shall conform
to the requirements of Section 16375A ELECTRI CAL DI STRI BUTI ON SYSTEM
UNDERGROUND. Secondary circuits installed in conduit on poles shall conformto
the requirenments of Section 16415A ELECTRI CAL WORK, | NTERI OR.

.11 Conf ormance to Codes

The installation shall conply with the requirenents and recommendati ons of | EEE C2
for mediumloading districts, Grade B construction. No reduction in clearance
shall be nade. The installation shall also conply with the applicable parts of
NFPA 70.

1.2 Verification of D nensions
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The Contractor shall becone familiar with details of the work, shall verify
dinensions in the field, and shall notify the Contracting Oficer of any
di screpancy before perform ng any work.

.1.3 Di sposal of Liquid Dielectrics

PCB- cont am nated dielectric shall be nmarked as PCB and transported to and

i ncinerated by an approved EPA waste disposal facility. The Contractor shal
furnish certification of proper disposal. Contaminated dielectric shall not be
diluted to | ower the level of contam nation

.2 POLE | NSTALLATI ON

Joi nt-use electric/roadway-!lighting poles for overhead el ectric and comuni cati on
lines shall be wood pol es utilizing crossarmconstruction. Pole equiprent
mounts shall be used for steel and concrete poles and may be used for wood pol es
rat her than crossarm equi pnent nounts. Detail draw ngs shall be submtted for
approval

.2.1 Wod Pole Setting

Wod Pole Setting: Wod poles shall be set straight and firm In normal firm
ground, m ni mum pol e-setting depths shall be as listed in Table II. Poles in
straight runs shall be in a straight line. Curved poles shall be placed with
curvatures in the direction of the pole Iine. Poles shall be set to naintain as
even a grade as practicable. Wen the average ground run is |level, consecutive
pol es shall not vary nore than 1.5 m in height. Wen the ground is uneven
poles differing in length shall be kept to a mininmumby locating poles to avoid
t he hi ghest and | owest ground points. |If it becones necessary to shorten a pole,
a piece shall be sawed off the top end and roofed. |If any pole is shortened
after treatnment, the shortened end of the pole shall be given an application of
hot preservative. Were poles are set on hilly terrain, along edges of cuts or
enbanknents, or where soil may be washed out, special precautions shall be taken
to ensure durable pole foundations, and the setting depth shall be measured from
the | ower side of the pole. Holes shall be dug | arge enough to permt proper
use of tanpers to the full depth of a hole. Earth shall be placed into the hole
in 300 nm naximum | ayers, then thoroughly tanped before the next l|ayer is

pl aced. Surplus earth shall be placed around each pole in a conical shape and
packed tightly to drain water away from pol es

TABLE |

M NI MUM PCLE- SETTI NG DEPTH ( METERS)

Curves,

Lengt h Corners, and
Overal | Strai ght Poi nts of

Met er s Li nes Extra Strain
6.1 1.5 1.5

7.6 1.7 1.7

9.2 1.7 1.7

10.7 1.8 1.8

12.2 1.8 1.8

13.7 2.0 2.1

15.2 2.1 2.3

16.7 2.3 2.5

18. 3 2.5 2.6

19.8 2.6 2.6

21.3 2.8 2.9

22.9 2.9 3.0

24. 4 3.0 3.2

25.9 3.2 3.3
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TABLE |

M NI MUM PCLE- SETTI NG DEPTH ( METERS)

Curves,
Lengt h Corners, and
Overal | Strai ght Poi nts of
Meters Li nes Extra Strain
27. 4 3.3 3.5
28.9 3.5 3.7
30.5 3.7 3.8

.3 CROSSARM MOUNTI NG

Crossarms shall be bolted to poles with 15.9 mm (5/8 inch) through-bolts with
square washers at each end. Bolts shall extend not |less than 3 mm nor nore
than 50 nm beyond nuts. On single crossarmconstruction, the bolt head shall be
installed on the crossarmside of the pole. Wod crossarm braces shall be
provi ded on crossarns. Flat braces may be provided for 2.4 m (8 foot) crossarns
and shall be 6.4 by 31.8 nm (1/4 by 1-1/4 inches), not |less than 700 nm (28
inches) in length. Flat braces shall be bolted to arms with 9.5 nm (3/8 inch)
carriage bolts with round or square washers between boltheads and crossarns, and
secured to poles with 50.8 by 101.6 nm (1/2 by 4 inch) 1lag screws after
crossarnms are leveled and aligned. Angle braces are required for 3.1 m (10 foot)
crossarns and shall be 1.5 m (60 inch) span by 457.2 mm (18 inch) drop forned
in one piece from38.1 by 38.1 by 4.8 nm (1-1/2 by 1-1/2 by 3/16 inch) angle.
Angl e braces shall be bolted to crossarns with 50.8 mm (1/2 inch) bolts with
round or square washers between bol t heads and crossarmnms, and secured to poles
with 15.9 mm (5/8 inch) through-bolts. Double crossarns shall be securely held
in position by means of 15.9 nm (5/8 inch) double-armng bolts. Each
doubl e-armi ng bolt shall be equipped with four nuts and four square washers.

.3.1 Li ne Arns and Buck Arns

Line arns and buck arnms shall be set at right angles to lines for straight runs
and for angles 45 degrees and greater; and line arns shall bisect angles of turns
of less than 45 degrees. Dead-end assenblies shall be used for turns where
shown. Buckarns shall be installed, as shown, at corners and junction poles.
Doubl e crossarnms shall be provided at ends of joint use or conflict sections, at
dead- ends, and at angles and corners to provide adequate vertical and

I ongi tudi nal strength. Double crossarns shall be provided at each |ine-crossing
structure and where lines not attached to the sanme pole cross each other.

.3.2 Equi prent  Arns

Equi prent arns shall be set parallel or at right angles to lines as required to
provi de clinbing space. Equipnment arns shall be | ocated below | ine construction
to provide necessary wire and equi pnent cl earances.

.4 GUY | NSTALLATI ON

CQuys shall be provided where shown, with | oads and strengths as indicated, and
wher ever conductor tensions are not bal anced, such as at angles, corners, and
dead-ends. Where a single guy will not provide the required strength, two or
nore guys shall be provided. Were guys are w apped around poles, at |east two
guy hooks shall be provided and pol e shinms shall be provi ded where guy tension
exceeds 27 kN (6000 pounds). Quy clamps 152.4 nm (6 inches) in length with
three 15.9 mm (5/8 inch) bolts, or offset-type guy clanps, or approved guy grips
shal | be provided at each guy termnal. Quy-strain insulators shall be provided
in each guy for wood poles. Miltiple-helix screw anchors shall be provided in
mar shy ground; rock anchors shall be installed in rock at right angles to guys,
el sewhere anchors shall be of an expanding type, except that power installed
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screw anchors of equival ent hol ding power are acceptable. A half-round gray

pol yvinyl, fiberglass, or other suitable plastic guy marker, not less than 2.4 m
(8 feet) in length, shall be provided at the anchor end of each guy shown,
securely clanped to the guy or anchor at the bottomand top of the marker
Hol di ng capacities for down guys shall be based on a | ead angl e of 45 degrees.

.5 CONDUCTOR | NSTALLATI ON
.5.1 Li ne Conductors

Unl ess ot herw se indicated, conductors shall be installed in accordance wth
manuf acturer's approved tables of sags and tensions. Proper care shall be taken
in handling and stringing conductors to avoid abrasions, sharp bends, cuts,

ki nks, or any possibility of damage to insulation or conductors. Conductors
shall be paid out with the free end of conductors fixed and cabl e reels portable,
except where terrain or obstructions make this nethod unfeasible. Bend radius
for any insulated conductor shall not be |l ess than the applicabl e NEMA
specification recomrendati on. Conductors shall not be drawn over rough or rocky
ground, nor around sharp bends. Wen installed by machi ne power, conductors
shall be drawn froma mounted reel through stringing sheaves in straight |ines
clear of obstructions. Initial sag and tension shall be checked by the
Contractor, in accordance with the nmanufacturer's approved sag and tension
charts, within an el apsed tine after installation as recormended by the
manuf act urer.

.5.2 Connectors and Splices

Connectors and splices shall be nechanically and electrically secure under
tension and shall be of the nonbolted conpression type. The tensile strength of
any splice shall be not less than the rated breaking strength of the conductor.
Splice materials, sleeves, fittings, and connectors shall be noncorrosive and
shal | not adversely affect conductors. Al um num conposition conductors shall be
wi re brushed and an oxide inhibitor applied before nmaki ng a conpression
connection. Connectors which are factory-filled with an inhibitor are
acceptable. Inhibitors and conpression tools shall be of types recommended by
the connector manufacturer. Primary |line apparatus taps shall be by neans of hot
line clanps attached to conpression type bail clanps (stirrups). Low voltage
connectors for copper conductors shall be of the solderless pressure type

Noni nsul at ed connectors shall be snbothly taped to provide a water proof

i nsul ati on equivalent to the original insulation, when installed on insul ated
conductors. On overhead connections of alum num and copper, the al um num shal
be installed above the copper

.5.3 Conduct or- To- 1 nsul ator Attachnents

Conductors shall be attached to insulators by neans of clanps, shoes or tie
wires, in accordance with the type of insulator. For insulators requiring
conductor tie-wire attachnents, tie-wire sizes shall be as indicated in TABLE I1I.

TABLE |

TI E- W RE REQUI REMENTS

CONDUCTOR TIE WRE
Copper (AWS) Sof t - Drawn Copper (AWG)
6 8

4 and 2 6

1 through 3/0 4

4/ 0 and | ar ger 2
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AAC, AAAC, or ACSR (AWG AAAC OR AAC (AWG
Any si ze 6 or 4
5.4  Arnor Rods

Arnmor rods shall be provided for AAC, AAAC, and ACSR conductors. Arnor rods
shall be installed at supports, except arnor rods will not be required at primary
dead-end assenblies if alum numor alum numlined zinc-coated steel clanps are
used. Lengths and methods of fastening arnmor rods shall be in accordance with

t he manufacturer's recomendati ons. For span lengths of less than 61 m flat

al um num arnor rods may be used. Flat arnor rods, not |ess than 762.0 mcroneters
by 6.4 nm (0.03 by 0.25 inch) shall be used on No. 1 AW5 AAC and AAAC and
smal | er conductors and on No. 5 AWG ACSR and smal | er conductors. On |arger

sizes, flat armor rods shall be not less than 1.3 by 7.6 mm (0.05 by 0.30

i nches). For span lengths of 61 m or nore, preforned round arnor rods shall be
used.

.5.5 Medi um Vol t age | nsul ated Cabl es

Medi um vol t age cabl e nessengers shall be attached to poles with clanps providing
a strength exceeding the required nmessenger strength and with not less than 15.9
mm (5/8 inch) through-bolts. Messengers shall be dead-ended, grounded, and

|l i ne-guyed at corners and dead-ends, and at intervals not exceeding 305 m along
strai ght runs.

.5.6 Low Vol t age | nsul ated Cabl es

Low vol t age cabl es shall be supported on clevis fittings using spool insulators
Dead-end clevis fittings and suspension insulators shall be provided where
requi red for adequate strength. Dead-end construction shall provide a strength
exceeding the rated breaking strength of the neutral nmessenger. Cdevis
attachnents shall be provided with not |ess than 15.9 nm (5/8 inch)
through-bolts. Secondary racks may be used when installed on wood pol es and
where the span | ength does not exceed 61 m Secondary racks shall be two-,
three-, or four-wire, conplete with spool insulators. Racks shall neet strength
and deflection requirements for heavy-duty steel racks, and shall be either
gal vani zed steel or alum numalloy. Tops of insulator saddles shall be rounded
and snooth to avoid damage to conductor insulation. Each insulator shall be held
in place with a 15.9 nm (5/8 inch) button-head bolt equi pped with a nonferrous
cotter pin, or equivalent, at the bottom Racks for dead-ending four No. 4/0 AWG
or four larger conductors shall be attached to poles with three 15.9 nm (5/8 inch)
t hrough-bolts. Oher secondary racks shall be attached to poles with at |east
two 15.9 mm (5/8 inch) through-bolts. M ninmmvertical spacing between
conductors shall not be |less than 200 nm

.6 CONNECTI ONS TO UTI LI TY LI NES

The Contractor shall coordinate the work with the Contracting Oficer and shal
provide for final connections to the installation electric |ines.

.7 CONNECTI ONS BETWEEN AERI AL AND UNDERGRCUND SYSTEMS

Connecti ons between aerial and underground systenms shall be nmade as shown.

Under ground cabl es shall be extended up poles in conduit to cable term nations.
Conduits shall be secured to poles by conduit supports spaced not nmore than 3 m
apart and with one support not nmore than 300 mm from any bend or termnation.
Cabl es shall be supported by devices separate fromthe conduit or guard, near
their point of exit fromthe riser conduit or guard. Cables guards shall be
secured in accordance with the manufacturers published procedure. R sers shal
be equi pped with bushings to protect cables. Capnut potheads shall be used to
term nate nedi umvoltage nultipl e-conductor cable
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8 CONNECTI ONS TO BUI LDI NGS
8.1 Aerial Services

Connections to buildings shall be made at approximately the point indicated and
shal | be connected to the service entrance conductors. Supports at buildings
shal | be adequate to withstand required pulls; supports shall not be rated |ess
than 4450 N (1000 pounds). Drip | oops shall be formed on conductors at
entrances to buildings, cabinets, or conduits. Service-entrance conduits with
termnation fittings and conductors wi thin the building, including sufficient

sl ack for connection to aerial service cables, shall conformto the requirenents
of Section 16415A ELECTRI CAL WORK, | NTERI OR

.8.2 Under ground Servi ces

Connections to buildings shall be made at the point indicated and shall be
term nated at the service entrance equipnment terminals. Cable pulling shall be
in accordance with Section 16375A, ELECTRI CAL DI STRI BUTI ON SYSTEM UNDERGROUND.
Service entrance conduits with termnation fittings and conductors within the
bui I ding shall conformto the requirenents of Section 16415A ELECTRI CAL WORK

| NTERI OR.

.9 GROUNDI NG

Noncurrent-carrying netal parts of equi pment and conductor assenblies, such as
| umi naires, medi umvoltage cable terminations and nmessengers, netal poles,
operating nmechani snms of pole top sw tches, panel enclosures, transforners,
capacitors, recloser franes (cases) and other noncurrent-carrying netal itens
shal | be grounded. Additional grounding of equipnent, neutral, and surge
arrester grounding systens shall be installed at poles where indicated.

.9.1 Groundi ng El ect rodes

G oundi ng el ectrodes shall be installed as follows:

a. Driven rod electrodes - Unless otherw se indicated, ground rods shall be
| ocated approximately 900 mm out from base of the pole and shall be
driven into the earth until the tops of the rods are approxi mately 300 nmm
bel ow finished grade. Miltiple rods shall be evenly spaced at |east 3
m apart and connected together 600 nm bel ow grade with a m ninum No. 6
bare copper conduct or

b. Pole butt electrodes - Pole butt electrodes shall be installed where
i ndi cated, except that this nethod shall not be the sole grounding
el ectrode at transfornmer |ocations. The pole butt el ectrode shal
consist of a coil of at least 4 m of mninmum No. 6 bare copper
conductor stapled to the butt of the pole.

c. Plate electrodes - Plate el ectrodes shall be installed in accordance with
the manufacturer's instructions and | EEE C2 and NFPA 70.

d. Gound Resistance - The maxi num resi stance of a driven ground rod shal
not exceed 25 ohns under normally dry conditions. Wenever the required
ground resistance is not net, provide additional electrodes
i nterconnected with groundi ng conductors, to achieve the specified ground
resistance. The additional electrodes will be up to three, 2.4 m (8
feet) rods spaced a mnimumof 3 m (10 feet) apart. |In high ground
resistance, UL |isted chenically charged ground rods may be used. |If
the resultant resistance exceeds 25 ohms neasured not |ess than 48 hours
after rainfall, the Contracting Oficer shall be notifies inmediately.
Connecti ons bel ow grade shall be fusion welded. Connections above grade
shal | be fusion welded or shall use UL 467 approved connectors.
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9.2 G oundi ng and Bondi ng Connecti ons

Connecti ons above grade shall be nmade by the fusion-welding process or with
bol t ed sol derl ess connectors in conpliance with UL 467, and those bel ow grade
shal | be nmade by a fusion-welding process. Were grounding conductors are
connected to al umi num conposition conductors, specially treated or |ined
copper-to-al um num connectors suitable for this purpose shall be used

.9.3 Groundi ng El ectrode Conductors

On multi-grounded circuits, as defined in | EEE C2, provide a single continuous
vertical grounding el ectrode conductor. Neutrals, surge arresters, and equi pnent
groundi ng conductors shall be bonded to this conductor. For single grounded or
ungrounded systens, provide a grounding conductor for the surge arrester and

equi pnent groundi ng conductors and a separate groundi ng conductor for the
secondary neutrals. Gounding el ectrode conductors shall be sized as shown.
Secondary system neutral conductors shall be connected directly to the
transfornmer neutral bushings, then connected with a neutral bonding junper
between the transformer neutral bushing and the vertical grounding el ectrode
conductor, as shown. Gounding el ectrode conductors shall be stapled to wood
poles at intervals not exceeding 600 nm On netal poles, a prefornmed gal vani zed
steel strap, 15.9 mm (5/8 inch) wde by 0.853 (22 gauge) mi ninmum by | ength,
secured by a preformed | ocking nethod standard with the manufacturer, shall be
used to support a grounding el ectrode conductor installation on the pole and
spaced at intervals not exceeding 1.5 m wth one band not nore than 75 mm from
each end of the vertical grounding el ectrode conductor. Bends greater than 45
degrees in grounding el ectrode conductor are not permtted.

.10 FI ELD TESTI NG

.10.1 Cener al

Field testing shall be performed in the presence of the Contracting Oficer. The
Contractor shall notify the Contracting Oficer 7 days prior to conducting tests.
The Contractor shall furnish materials, |abor, and equi pment necessary to
conduct field tests. The Contractor shall perform tests and inspections
recommrended by the manufacturer unless specifically waived by the Contracting
Oficer. The Contractor shall maintain a witten record of tests which includes
date, test perforned, personnel involved, devices tested, serial nunber and name
of test equipnent, and test results. Field reports will be signed and dated by
the Contractor.

.10. 2 Saf ety

The Contractor shall provide and use safety devices such as rubber gl oves,
protective barriers, and danger signs to protect and warn personnel in the test
vicinity. The Contractor shall replace any devices or equi pment which are
danmaged due to inproper test procedures or handling.

.10.3 G ound- Resi st ance Tests

The resi stance of each grounding el ectrode system shall be nmeasured using the
fall-of-potential nmethod defined in IEEE Std 81. G ound resistance neasurenents
shall be nade before the electrical distribution systemis energized and shall be
made in normally dry conditions not |ess than 48 hours after the last rainfall
Resi st ance neasurenents of separate groundi ng el ectrode systens shall be nade
before the systens are bonded together bel ow grade. The conbi ned resistance of
separate systenms nay be used to neet the required resistance, but the specified
nunber of el ectrodes shall be provided.

10. 4 Medi um Vol t age Preassenbl ed Cabl e Test
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After installation, prior to connection to an existing system and before the
operating test, the nediumvoltage preassenbl ed cabl e systemshall be given a
high potential test. Direct-current voltage shall be applied on each phase
conductor of the system by connecting conductors at one terminal and connecting
grounds or netallic shieldings or sheaths of the cable at the other term nal for
each test. Prior to the test, the cables shall be isolated by opening applicable
protective devices and di sconnecting equi prment. The method, voltage, |ength of
time, and other characteristics of the test for initial installation shall be in
accordance with NEMA WC 74 for the particular type of cable installed, and shal
not exceed the recomrendati ons of | EEE Std 404 for cable joints unless the cable
and accessory manufacturers indicate higher voltages are acceptable for testing.
Shoul d any cable fail due to a weakness of conductor insulation or due to defects
or injuries incidental to the installation or because of inproper installation of
cable, cable joints, term nations, or other connections, the Contractor shall
make necessary repairs or replace cables as directed. Repaired or replaced

cabl es shall be retested.

.10.5 Sag and Tensi on Test

The Contracting O ficer shall be given prior notice of the tine schedule for
stringing conductors or cabl es serving overhead nmedi umvoltage circuits and
reserves the right to witness the procedures used for ascertaining that initial
stringing sags and tensions are in conpliance with requirenents for the
applicable |l oading district and cabl e wei ght.

.10.6 Low Vol t age Cabl e Test

For underground secondary or service |laterals fromoverhead |ines, the

| ow-vol tage cable, conplete with splices, shall be tested for insulation
resistance after the cables are installed, in their final configuration, ready
for connection to the equipnent, and prior to energization. The test voltage
shall be 500 volts dc, applied for one m nute between each conductor and ground
and between all possible conbinations of conductors in the sane trench, duct, or
cable, with other conductors in the sanme trench, duct, or conduit. The m ni num
val ue of insulation shall be:

R in megohms = (rated voltage in kV + 1) x 304,800/ (length of cable in neters)

Each cable failing this test shall be repaired or replaced. The repaired cable
shall then be retested until failures have been elim nated

.10.7 Liquid-Filled Transfornmer Tests
The following field tests shall be performed on liquid-filled transfornmers
Pass-fail criteria shall be in accordance with the transformer manufacturer's
speci fications.

a. Insulation resistance test phase-to-ground.

b. Turns ratio test.

c. Correct phase sequence

.10.8 Pre-Energi zati on Services

The follow ng services shall be perforned on the equipnment |isted below. These
servi ces shall be perforned subsequent to testing but prior to the initia

energi zation. The equi pnent shall be inspected to insure that installationis in
conpliance with the recommendati ons of the nmanufacturer and as shown on the
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detail drawings. Terminations of conductors at mmjor equi pment shall be

i nspected to ensure the adequacy of connections. Bare and insulated conductors
bet ween such term nations shall be inspected to detect possible damage during
installation. |If factory tests were not performed on conpl eted assenblies, tests
shall be perfornmed after the installation of conpleted assenblies. Conponents
shal | be inspected for damage caused during installation or shiprment and to
ensure that packaging materials have been renmobved. Conponents capabl e of being
both manual ly and el ectrically operated shall be operated manually prior to the
first electrical operation. Conponents capable of being calibrated, adjusted,
and tested shall be calibrated, adjusted, and tested in accordance with the
instructions of the equi pnent manufacturer. Itens for which such services shal
be provided, but are not linmted to, are the foll ow ng:

Automatic circuit reclosers.

Capaci tors.

Swi t ches.

Transf ormers.
.10.9 Qperating Tests
After the installation is conpleted, and at such tine as the Contracting Oficer
may direct, the Contractor shall conduct operating tests for approval. The
equi pnent shall be denobnstrated to operate in accordance with the specified
requi renents. An operating test report shall be submitted in accordance with
par agr aph SUBM TTALS
.11  ACCEPTANCE
Fi nal acceptance of the facility will not be given until the Contractor has
successfully conpleted all tests and after all defects in installation, material

or operation have been corrected

-- End of Section --
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SECTI ON 16375A

ELECTRI CAL DI STRI BUTI ON SYSTEM UNDERGROUND
02/ 02

PART 1  GENERAL

1.

1  REFERENCES

The publications |isted below forma part of this specification to the extent
referenced. The publications are referred to in the text by basic designation
only.

AVERI CAN NATI ONAL STANDARDS | NSTI TUTE ( ANSI)

ANSI Cl119.1 (1986; R 1997) Seal ed I nsul ated Under gr ound
Connector Systens Rated 600 Volts

ANSI C12.10 (1997) El ectronechani cal Watthour Meters

ANSI Cl12.11 (1987; R 1993) Instrunent Transformers for

Revenue Metering, 10 kV BIL through 350 kV BIL
(0.6 kV NSV through 69 kV NSV)

ANSI Cl12.4 (1984; R 1996) Mechani cal Demand Registers

ANSI C135. 30 (1988) Zinc-Coated Ferrous Ground Rods for
Over head or Underground Line Construction

ANSI C29.1 (1988; R 1996) Electrical Power Insulators -
Test Met hods

ANSI C37.121 (1989; R 1995) Switchgear, Unit Substations
Requi renent s

ANSI C37.16 (2000) Low Vol tage Power G rcuit Breakers and AC
Power Circuit Protectors - Preferred Ratings,
Rel at ed Requi renents, and Application
Recommrendat i ons

ANSI C37. 46 (1981; R 1992) Power Fuses and Fuse
Di sconnecting Switches

ANSI C37.50 (1989; R 1995) Swi tchgear, Low Voltage AC Power
Circuit Breakers Used in Encl osures - Test
Pr ocedur es

ANS|I C37.72 (1987) Manual | y- Oper at ed, Dead- Front Padnmounted
Swi tchgear with Load Interrupting Switches and
Separ abl e Connectors for Alternating-Current
Syst ens

ANSI C57.12.13 (1982) Conformance Requirements for
Liquid-Filled Transfornmers Used in Unit
Installations, Including Unit Substations

ANSI C57.12.21 (1995) Requirenents for Pad-Mounted,
Conpart ment al - Type, Sel f-Cool ed, Single-Phase
Di stribution Transformers wi th H gh-Voltage
Bushi ngs; (H gh-Voltage, 34 500 Gd Y/ 19 920
Vol ts and Bel ow;, Low Vol tage, 240/ 120; 167 kVA
and Snal |l er)
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ANSI C57.12. 27

ANSI C57.12. 28

ANSI C80.1

ANSI 5.1
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(1993) Pad- Mount ed Conpart nment al - Type,

Sel f - Cool ed, Three-Phase Distribution
Transforners for Use with Separabl e | nsul at ed
H gh- Vol t age Connectors, Hi gh-Voltage, 34 500
Gd Y/ 19 920 Volts and Bel ow, 2500 kVA and
Smal | er

(1982) Conformance Requirements for
Liquid-Filled Distribution Transfornmers Used in
Pad- Mounted I nstallations, Including Unit

Subst ati ons

(1999) Swi tchgear and Transformers -Padnmounted
Equi pment - Enclosure Integrity

(1995) Rigid Steel Conduit - Zinc Coated

(1992) Specifications and Dinmensions for Wod
Pol es

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

ASTM A 123/ A 123M

ASTM A 153/ A 153M

ASTM A 48
ASTM A 48M
ASTM B 117

ASTM B 231/B 231M

ASTM B 3

ASTM B 400

ASTM B 496

ASTM B 609/ B 609M

ASTM B 8

ASTM B 800

ASTM B 801

ASTM C 478

(2001) Zinc (Hot-Di p Gal vani zed) Coatings on
Iron and Steel Products

(2001) Zinc Coating (Hot-Dip) on Iron and Steel
Har dwar e

(1994ael) Gray Iron Castings
(1994el) Gay Iron Castings (Metric)
(1997) Operating Salt Spray (Fog) Apparatus

(1999) Concentric-Lay-Stranded A um num 1350
Conduct ors

(1995) Soft or Anneal ed Copper Wre

(1994) Comnpact Round Concentric- Lay-Stranded
Al 'um num 1350 Conduct or

(1999) Conpact Round Concentric-Lay- Stranded
Copper Conductors

(1999) Al um num 1350 Round Wre, Anneal ed and
Internmedi ate Tenpers, for Electrical Purposes

(1999) Concentric-Lay-Stranded Copper
Conductors, Hard, Medium Hard, or Soft

(2000) 8000 Series AlumnumAlloy Wre for
El ectrical Purposes-Anneal ed and I nternediate
Tenpers

(1999) Concentric-Lay-Stranded Conductors of
8000 Series Alum num All oy for Subsequent
Covering or Insulation

(1997) Precast Reinforced Concrete Manhol e
Secti ons
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ASTM C 478M

ASTM D 1654

ASTM D 2472

ASTM D 4059

ASTM D 923

AElI C CS5

AElI C CS6
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(1997) Precast Reinforced Concrete Manhol e
Sections (Metric)

(1992) Eval uation of Painted or Coated Specinens
Subj ected to Corrosive Environments

(2000) Sul fur Hexafl uoride

(1996) Anal ysis of Pol ychlorinated Bi phenyls in
I nsul ating Liquids by Gas Chronat ography

(1997) Sanpling Electrical Insulating Liquids

ASSCCI ATI ON OF EDI SON | LLUM NATI NG COMPANI ES ( AEI Q)

(1994; CSba-1995) Cross-Linked Pol yet hyl ene
I nsul at ed Shi el ded Power Cables Rated 5 Through
46 kV

(1996) Ethyl ene Propyl ene Rubber I|nsul ated
Shi el ded Power Cables Rated 5 Through 69 kV

FACTORY MUTUAL ENG NEERI NG AND RESEARCH (FM

FM P7825a

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

c2

C37.

C37.

C37.

C37.

C37.

C37.

C37.

C37.

C37.

C37.

C37.

(1998) Approval Cuide Fire Protection

I NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENG NEERS (| EEE)

1

13

20.

20.

20.

23

30

34

41

63

(1997) National Electrical Safety Code

(1994) |1 EEE Standard Definition, Specification,
and Anal ysis of Systens Used for Supervisory
Control, Data Acquisition, and Autonmatic Control

(1990; R 1995) Low Vol tage AC Power Circuit
Breakers Used in Encl osures

(1996) Electrical Power System Device Function
Nunbers and Contact Designati ons

(1993) Metal - Encl osed Low Vol t age Power
Circuit-Breaker Sw tchgear

(1993; C37.20.2b) Metal-d ad and Station-Type
Cubi cl e Swi t chgear

(1997) Metal - Encl osed Interrupter Sw tchgear

(1987; R 1991) uide for Metal-Encl osed Bus and
Cal cul ating Losses in |sol at ed- Phase Bus

(1997) Requirenents for Hi gh-Voltage Switches
(1994) Test Code for Hi gh-Voltage Air Switches
(1994; C37.41c) Design Tests for Hi gh-Voltage
Fuses, Distribution Enclosed Single-Pole Air
Swi t ches, Fuse Disconnecting Sw tches, and
Accessori es

(1997) Requirenents for Overhead, Pad-Mounted,

Dry-Vault, and Subnersible Automatic Line
Sectionalizer for AC Systens
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| EEE C37.90 (1989; R 1994) Rel ays and Rel ay Systens
Associated with El ectric Power Apparatus

| EEE C37.90.1 (1989; R 1994) |EEE Standard Surge Wt hstand
Capability (SW) Tests for Protective Relays and
Rel ay Systens

| EEE C37.98 (1987; R 1991) Seismc Testing of Rel ays

| EEE C57.12.00 (1993) Standard Ceneral Requirenents for
Li qui d- I nmrersed Distribution, Power, and
Regul ati ng Transforners

| EEE C57.13 (1993) Instrument Transforners

| EEE C57.98 (1993) @uide for Transforner |npulse Tests

\$avail only as part of Distribution, Power, and
Regul ating Transforners Stds Col |l ection

| EEE C62.1 (1989; R 1994) Surge Arresters for AC Power
Crcuits
| EEE C62. 11 (1999) | EEE Standard Metal - Oxi de Surge Arresters

for AC Power Circuits

| EEE C62. 2 (1987; R 1994) @uide for the Application of
CGapped Silicon-Carbide Surge Arresters for
Alternating Current Systens

| EEE Std 100 (1997) I EEE Standard Dictionary of Electrical
and El ectronics Terns

| EEE Std 242 (1986; R 1991) Recommended Practice for
Protection and Coordi nati on of Industrial and
Conmer ci al Power Systens

| EEE Std 386 (1995) Separable Insul ated Connector Systens for
Power Distribution Systens Above 600V

| EEE Std 399 (1997) Recommended Practice for Industrial and
Conmerci al Power Systens Anal ysis

| EEE Std 404 (1993) Cable Joints for Use with Extruded
Di el ectric Cable Rated 5000 V Through 138 000 V
and Cabl e Joints for Use with Lam nated
Di el ectric Cable Rated 2500 V Through 500 000 V

| EEE Std 48 (1998) Standard Test Procedures and Requirenents
for Alternating-Current Cable Term nations 2.5
kV t hrough 765 kV

| EEE Std 592 (1990; R 1996) Exposed Seni conducting Shiel ds on
Prenol ded Hi gh Vol tage Cabl e Joints and
Separ abl e I nsul ated Connectors

| EEE Std 81 (1983) CGuide for Measuring Earth Resistivity,
Ground | mpedance, and Earth Surface Potentials
of a Gound System (Part 1) \$31.00%\F

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMR)

NEMA AB 1 (1993) Mol ded Case Circuit Breakers and Ml ded
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NEVA

NEVA

NEVA

NEVA

NEVA

NEVA

NEVA

NEVA

NEVA

NEVA

NEVA

NEVA

NENVA 1 (2002) @uide for Determining Energy Efficiency

NEVA

NEVA

NFPA

BU

FB

FU

LA

PB

PB

SG

SG

SG

TC

TC

TC

P

70

UL 1072

UL 1242

UL 1684

UL 198C

UL 198D

UL 198E
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Case Switches

1 (1994) Busways

1 (1993) Fittings, Cast Metal Boxes, and Conduit
Bodi es for Conduit and Cabl e Assenblies

1 (1986) Low Vol tage Cartridge Fuses

1 (1992) Surge Arresters

1 (1995) Panel boards

2 (1995) Deadfront Distribution Sw tchboards

2 (1993) Hi gh Vol tage Fuses

3 (1995) Power Switching Equi prent

5 (1995) Power Switchgear Assenblies

5 (1990) Corrugated Pol yolefin Coilable Plastic

Uilities Duct

6 (1990) PVC and ABS Plastic Uilities Duct for

Underground Installation

7 (1990) Snoot h-Wal | Coil abl e Pol yet hyl ene

El ectrical Plastic Duct

for Distribution Transforners

7 (1988; Rev 3 1996)

Cross- Li nked- Ther noset ti ng- Pol yet hyl ene- 1 nsul at ed
Wre and Cable for the Transm ssion and
Distribution of Electrical Energy

8 (1988; Rev 3 1996)

Et hyl ene- Propyl ene- Rubber - I nsul ated Wre and
Cabl e for the Transnission and Distribution of
El ectrical Energy

NATI ONAL FI RE PROTECTI ON ASSCCI ATI ON ( NFPA)
(2002) National Electrical Code

UNDERWRI TERS LABORATORI ES (UL)
(1995; Rev Mar 1998) Medi um Vol t age Power Cabl es
(1996; Rev Mar 1998) Internmediate Metal Conduit

(2000) Reinforced Thernobsetting Resin Conduit
(RTRC) and Fittings

(1986; Rev thru Feb 1998)

H gh- I nterrupting- Capacity Fuses,
Current-Limting Types

(1995) d ass K Fuses

(1988; Rev Jul 1988) d ass R Fuses
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UL 198H (1988; Rev thru Nov 1993) Cass T Fuses

UL 467 (1993; Rev thru Apr 1999) G oundi ng and Bondi ng
Equi pment

UL 486A (1997; Rev thru Dec 1998) Wre Connectors and

Sol dering Lugs for Use with Copper Conductors

UL 486B (1997; Rev Jun 1997) Wre Connectors for Use
wi th Al um num Conduct ors

UL 489 (1996; Rev thru Dec 1998) Ml ded-Case Circuit
Breakers, Mbl ded-Case Switches, and
Circuit-Breaker Encl osures

UL 510 (1994; Rev thru Apr 1998) Pol yvinyl Chloride,
Pol yet hyl ene, and Rubber Insul ating Tape

UL 514A (1996; Rev Dec 1999) Metallic Qutlet Boxes

UL 6 (1997) Rigid Metal Conduit

UL 651 (1995; Rev thru Cct 1998) Schedul e 40 and 80
Ri gi d PVC Condui t

UL 854 (1996; Rev Cct 1999) Service-Entrance Cabl es

UL 857 (1994; Rev thru Dec 1999) Busways and Associ at ed
Fittings

.2 GENERAL REQUI REMENTS

.2.1 Ter m nol ogy

Term nol ogy used in this specification is as defined in | EEE Std 100.
.3  SUBM TTALS

CGovernnent approval is required for subnmittals with a "G' designation; submttals
not having a "G' designation are for information only. Wen used, a designation
following the "G' designation identifies the office that will reviewthe
submttal for the Governnent. The follow ng shall be submitted in accordance

wi th Section 01330 SUBM TTAL PROCEDURES:

SD-02 Shop Draw ngs
El ectrical Distribution System G RE

Detail draw ngs consisting of equipnment drawi ngs, illustrations,
schedul es, instructions, diagranms manufacturers standard installation
drawi ngs and other informati on necessary to define the installation and
enabl e the Governnent to check conformty with the requirenents of the
contract draw ngs.

If departures fromthe contract drawi ngs are deened necessary by the
Contractor, conmplete details of such departures shall be included with
the detail drawi ngs. Approved departures shall be nade at no additi onal
cost to the Governnent.

Detail draw ngs shall show how conmponents are assenbl ed, function

toget her and how they will be installed on the project. Data and
drawi ngs for conponent parts of an itemor system shall be coordi nated

16375A-6



W012DQ- 04- B- 0004- 0001

and submtted as a unit. Data and draw ngs shall be coordinated and
included in a single submssion. Miltiple subm ssions for the sane
equi pnent or system are not acceptabl e except where prior approval has
been obtained fromthe Contracting Officer. |In such cases, a list of
data to be submitted later shall be included with the first subm ssion.
Detail draw ngs shall consist of the follow ng:

a. Detail draw ngs show ng physical arrangenment, construction details,
connections, finishes, materials used in fabrication, provisions for
conduit or busway entrance, access requirenments for installation and
mai nt enance, physical size, electrical characteristics, foundation and
support details, and equi pment weight. Draw ngs shall be drawn to scale
and/ or dinensioned. Al optional itens shall be clearly identified as
i ncl uded or excl uded.

b. Internal wiring diagrams of equi pnent showing wiring as actually
provided for this project. External wiring connections shall be clearly
i dentifi ed.

Detail draw ngs shall as a mininmumdepict the installation of the
following itens:

a. Mediumvoltage cables and accessories including cable installation
pl an.

b. Transformers.
c. Substations.
d. Switchgear.
e. Pad-nmounted | oadbreak switches.
f. Busways.
g. Surge arresters.
As-Built Drawings; G RE

The as-built drawi ngs shall be a record of the construction as
installed. The draw ngs shall include the information shown on the
contract drawi ngs as well as deviations, nodifications, and changes from
the contract drawi ngs, however minor. The as-built drawi ngs shall be a
full sized set of prints marked to reflect deviations, nodifications,
and changes. The as-built draw ngs shall be conplete and show the
| ocation, size, dinensions, part identification, and other information.
Addi tional sheets may be added. The as-built drawi ngs shall be jointly
i nspected for accuracy and conpl eteness by the Contractor's quality
control representative and by the Contracting Officer prior to the
subm ssi on of each nonthly pay estimate. Upon conpl etion of the work,
the Contractor shall provide three full sized sets of the marked prints
to the Contracting Officer for approval. |If upon review, the as-built
drawi ngs are found to contain errors and/or omi ssions, they will be
returned to the Contractor for correction. The Contractor shall correct
and return the as-built drawings to the Contracting Oficer for approval
within 10 cal endar days fromthe tine the drawings are returned to the
Contractor.

SD- 03 Product Data
Nanepl ates; G RE

Catal og cuts, brochures, circulars, specifications, product data, and
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printed information in sufficient detail and scope to verify conpliance
with the requirenents of the contract docunents.
Mat eri al and Equi prent; G RE

A conplete item zed listing of equipnment and materials proposed for

incorporation into the work. Each entry shall include an item nunber,
the quantity of itens proposed, and the nane of the manufacturer of each
such item

Ceneral Installation Requirenents; G RE

As a mininmum installation procedures for transforners, substations,
swi tchgear, and nedi umvol tage cable term nati ons and splices.

Procedures shall include cable pulling plans, diagrans, instructions,
and precautions required to install, adjust, calibrate, and test the
devi ces and equi pnent .

SD- 06 Test Reports
Factory Tests; G RE

Certified factory test reports shall be subm tted when the manufacturer
perfornms routine factory tests, including tests required by standards
listed in paragraph REFERENCES. Results of factory tests performed shall
be certified by the manufacturer, or an approved testing |aboratory, and
submtted within 7 days follow ng successful conpletion of the tests. The
manufacturer's pass-fail criteria for tests specified in paragraph FlELD
TESTI NG shal | be incl uded.

Field Testing; G RE.

A proposed field test plan, 30 days prior to testing the installed
system No field test shall be performed until the test plan is
approved. The test plan shall consist of conplete field test procedures
including tests to be perforned, test equi pment required, and tol erance
limts.

Operating Tests; G RE

Six copies of the information described belowin 215.9 by 279.4 mm
(8-1/2 by 11 inch) binders having a mninmumof three rings, including a
separate section for each test. Sections shall be separated by heavy
plastic dividers with tabs.

a. A list of equiprment used, with calibration certifications.

b. A copy of neasurenents taken.

c. The dates of testing.

d. The equi pnent and values to be verified.

e. The condition specified for the test.

f. The test results, signed and dated.

g. A description of adjustnments nade.

Cable Installation; G RE

Si x copies of the information described below in 215.9 by 279.4 mm
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(8-1/2 by 11 inch) binders having a mininmum of three rings from which
material may readily be renobved and repl aced, including a separate
section for each cable pull. Sections shall be separated by heavy
plastic dividers with tabs, with all data sheets signed and dated by the
person supervising the pull

a. Site layout drawing with cable pulls nunerically identified.

b. Alist of equiprment used, with calibration certifications. The
manufacturer and quantity of |ubricant used on pull

c. The cable manufacturer and type of cable.
d. The dates of cable pulls, tine of day, and ambi ent tenperature.
e. The length of cable pull and cal cul ated cable pulling tensions.
f. The actual cable pulling tensions encountered during pull
SD-07 Certificates
Material and Equi pnent; G RE

Where materials or equi pment are specified to conformto the standards
of the Underwiters Laboratories (UL) or to be constructed or tested, or
both, in accordance with the standards of the Anerican National Standards
Institute (ANSI), the Institute of Electrical and El ectronics Engi neers
(IEEE), or the National Electrical Manufacturers Association (NEMY), the
Contractor shall subnmit proof that the items provided conformto such
requi renents. The |l abel of, or listing by, UL will be acceptable as
evidence that the itenms conform Either a certification or a published
catal og specification data statenent, to the effect that the itemis in
accordance with the referenced ANSI or | EEE standard, will be acceptable
as evidence that the itemconforns. A simlar certification or published
catal og specification data statenent to the effect that the itemis in
accordance with the referenced NEMA standard, by a conpany listed as a
menber conpany of NEMA, will be acceptable as evidence that the item
conforms. In lieu of such certification or published data, the
Contractor may submt a certificate froma recogni zed testing agency
equi pped and conpetent to perform such services, stating that the itens
have been tested and that they conformto the requirenments |i sted,

i ncludi ng nethods of testing of the specified agencies. Conpliance with
above- narmed requirenents does not relieve the Contractor from conpliance
with any other requirenments of the specifications

Cable Joints; G RE

A certification that contains the names and the qualifications of
peopl e recommended to performthe splicing and term nation of
medi um vol t age cabl es approved for installation under this contract. The
certification shall indicate that any person recomended to perform
actual splicing and term nations has been adequately trained in the
proper techni ques and have had at |east three recent years of experience
in splicing and term nating the same or simlar types of cables approved
for installation. In addition, any person recomrended by the Contractor
may be required to performa practice splice and termnation, in the
presence of the Contracting O ficer, before being approved as a qualified
installer of mediumvoltage cables. |If that additional requirenent is
i nposed, the Contractor shall provide short sections of the approved
types of cables along with the approved type of splice and term nation
kits, and detail ed manufacturer's instruction for the proper splicing and
term nation of the approved cable types.
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Cable Installer Qualifications; G RERE

The Contractor shall provide at |east one onsite person in a
supervisory position with a docunentable |evel of conpetency and
experience to supervise all cable pulling operations. A resune shall be
provi ded showi ng the cable installers' experience in the last three
years, including a list of references conplete with points of contact,
addresses and tel ephone nunbers

SD- 10 Operation and Mai ntenance Data
El ectrical Distribution System G RE

Si x copi es of operation and nai ntenance manuals, within 7 cal endar days
following the conpletion of tests and including assenbly, installation,
operation and mai ntenance instructions, spare parts data which provides
suppl i er nane, current cost, catal og order nunber, and a recomended |i st
of spare parts to be stocked. Manuals shall also include data outlining
detail ed procedures for systemstartup and operation, and a
troubl eshooti ng gui de which |ists possible operational problens and
corrective action to be taken. A brief description of all equipnent,
basi c operating features, and routine maintenance requirements shall al so
be included. Docunments shall be bound in a binder narked or identified
on the spine and front cover. A table of contents page shall be
i ncluded and marked with pertinent contract information and contents of

the manual. Tabs shall be provided to separate different types of
docunents, such as catal og ordering information, draw ngs, instructions
and spare parts data. Index sheets shall be provided for each section

of the manual when warranted by the quantity of documents included under
separate tabs or dividers

Three additional copies of the instructions manual shall be provided
wi thin 30 cal endar days follow ng the nmanual s

4  DELI VERY, STORAGE, AND HANDLI NG

Devi ces and equi pnent shall be visually inspected by the Contractor when received
and prior to acceptance from conveyance. Stored items shall be protected from
the environment in accordance with the manufacturer's published instructions.
Darmeged itens shall be replaced. G filled transforners and switches shall be
stored in accordance with the manufacturer's requirenments. Wod poles held in
storage for nore than 2 weeks shall be stored in accordance with ANSI 6. 1.
Handl i ng of wood poles shall be in accordance with ANSI (6.1, except that pointed
tool s capabl e of producing indentations nore than 25 nmin depth shall not be
used. Metal poles shall be handled and stored in accordance with the

manuf acturer's instructions.

.5 EXTRA MATERI ALS

One additional spare fuse or fuse elenent for each furnished fuse or fuse el enent
shall be delivered to the contracting officer when the electrical systemis
accepted. Two conplete sets of all special tools required for nmintenance shal
be provided, complete with a suitable tool box. Special tools are those that
only the manufacturer provides, for special purposes (to access conpartnents, or
operate, adjust, or mmintain special parts).

PART 2 PRODUCTS

2.

1  STANDARD PRODUCT
Mat eri al and equi pnent shall be the standard product of a manufacturer regularly

engaged in the manufacture of the product and shall essentially duplicate itens
that have been in satisfactory use for at least 2 years prior to bid opening.
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Itens of the sane classification shall be identical including equipnent,
assenblies, parts, and conponents.

2.2 NANVEPLATES
2.2.1 Cener al

Each maj or conponent of this specification shall have the manufacturer's nane,
address, type or style, nodel or serial nunber, and catal og nunber on a namepl ate
securely attached to the equipnment. Naneplates shall be made of noncorrosive
metal . Equi pmrent containing liquid dielectrics shall have the type of dielectric
on the naneplate. Sectionalizer switch nanmepl ates shall have a schematic with
all switch positions shown and | abeled. As a mninum nanepl ates shall be
provided for transforners, circuit breakers, meters, switches, and sw tchgear.

2.2.2 Liquid-Filled Transforner Nanepl ates

Power transformers shall be provided with naneplate information in accordance
with | EEE C57.12.00. Naneplates shall indicate the nunber of liters and
conposition of liquid-dielectric, and shall be permanently marked with a
statenent that the transformer dielectric to be supplied is non-polychlorinated
bi phenyl. If transformer naneplate is not so marked, the Contractor shall

furni sh manufacturer's certification for each transformer that the dielectric is
non-PCB classified, with | ess than 50 ppm PCB content in accordance with
paragraph LI QU D DI ELECTRICS. Certifications shall be related to serial nunbers
on transfornmer naneplates. Transforner dielectric exceeding the 50 ppm PCB
content or transforners wi thout certification will be considered as PCB insul ated
and wi Il not be accepted.

2.3  CORRCSI ON PROTECTI ON
2.3.1 Aluminum Materials

Al um num shal | not be used.
2.3.2 Ferrous Metal Materials
2.3.2.1 Har dwar e

Ferrous netal hardware shall be hot-dip gal vanized in accordance with ASTM A
153/ A 153M and ASTM A 123/ A 123M

2.3.2.2 Equi pnent

Equi prent and conmponent itens, including but not limted to transforner stations
and ferrous nmetal |uminaries not hot-dip gal vani zed or porcelain enanel finished,
shal | be provided with corrosion-resistant finishes which shall w thstand 120
hours of exposure to the salt spray test specified in ASTM B 117 w thout | oss of
pai nt or rel ease of adhesion of the paint primer coat to the netal surface in
excess of 1.6 mm (1/16 inch) fromthe test mark. The scribed test mark and test
eval uation shall be in accordance with ASTM D 1654 with a rating of not |ess than
7 in accordance with TABLE 1, (procedure A). Cut edges or otherw se danmaged
surfaces of hot-dip galvani zed sheet steel or mill gal vani zed sheet steel shall
be coated with a zinc rich paint conformng to the manufacturer's standard.

2.3.3 Fi ni shi ng
Pai nting required for surfaces not otherw se specified and finish painting of
itens only prined at the factory shall be as specified in Section 09900 PAI NTS
AND COATI NGS.

2.4  CABLES
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Cabl es shall be single conductor type unless otherw se indicated.
2.4.1 Medi um Vol t age Cabl es
2.4.1.1 Gener al

Cabl e construction shall be Type MV, conforming to NFPA 70 and UL 1072. Cables
shal | be manufactured for use in duct applications as indicated.

2.4.1.2 Rat i ngs

Cabl es shall be rated for a circuit voltage of 15 kV.

2.4.1.3 Conduct or Materi al
Under ground cabl es shall be soft drawn copper conplying with ASTM B 3 and ASTM B 8

for regular concentric and conpressed stranding or ASTM B 496 for conpact

st randi ng.

2.4.1. 4 I nsul ati on
Cabl e insul ation shall be ethyl ene-propyl ene-rubber (EPR) insulation conformng
to the requirenments of NEMA WC 8 and AEIC CS6. A 133 percent insulation |evel
shall be used on 5 kV, 15 kV and 25 kV rated cables. The Contractor shall
conply with EPA requirenments in accordance with Section 01670 RECYCLED /
RECOVERED MATERI ALS.

2.4.1.5 Shi el di ng
Cabl es rated for 2 kV and above shall have a seniconducting conductor shield, a
sem conducting insulation shield, and an overall copper tape shield for each
phase.

2.4.1.6 Neutral s

Concentric neutrals conductors shall be tinned copper, having a conbi ned ampacity
equal to the phase conductor anpacity rating.

2.4.1.7 Jacket s

Cabl es shall be provided with a PVC jacket. Direct buried cables shall be rated
for direct burial.

2.4.2 Low Vol t age Cabl es
Cabl es shall be rated 600 volts and shall conformto the requirements of NFPA 70,
and nmust be UL listed for the application or neet the applicable section of
ei ther |1 CEA or NEMA standards.

2.4.2.1 Conduct or Materi al

Under ground cabl es shall be anneal ed copper conplying with ASTM B 3 and ASTM B 8.
I nterm xi ng of copper and al um num conductors is not permtted.

2.4.2.2 | nsul ation

I nsul ati on nmust be in accordance with NFPA 70, and nust be UL listed for the
application or neet the applicable sections of either | CEA or NEMA standards.

2.4.2.3 Jackets

Mul ti conduct or cabl es shall have an overall PVC outer jacket.
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2.4.2. 4 Direct Buried

Single and nulti-conductor cables shall of a type identified for direct burial.
Servi ce entrance cables shall conformto UL 854 for Type USE service entrance
cabl e

2.4.2.5 In Duct

Cabl es shall be single-conductor cable, in accordance with NFPA 70.
2.5 CABLE JO NTS, TERM NATI ONS, AND CONNECTORS
2.5.1 Medi um Vol t age Cabl e Joi nts

Medi um vol tage cable joints shall conply with IEEE Std 404 and | EEE Std 592
Medi um vol tage cable term nations shall conply with EEE Std 48. Joints shall be
the standard products of a manufacturer and shall be either of the factory
prefornmed type or of the kit type containing tapes and other required parts.
Joints shall have ratings not |less than the ratings of the cabl es on which they
are installed. Splice kits nay be of the heat-shrinkable type for voltages up to
15 kV, of the prenol ded splice and connector type, the conventional taped type

or the resin pressure-filled overcast taped type for voltages up to 35 kV;, except
that for voltages of 7.5 kV or less a resin pressure-filled type utilizing a

pl astic-tape nmold is acceptable. Joints used in manhol es, handhol es, vaults and
pul I boxes shall be certified by the manufacturer for waterproof, subnersible
appl i cations.

2.5.2 Low Vol t age Cabl e Splices

Low vol t age cabl e splices and term nations shall be rated at not |ess than 600
Volts. Splices in conductors No. 10 AW5 and snal | er shall be nmade with an

i nsul ated, sol derless, pressure type connector, conformng to the applicable
requi renents of UL 486A. Splices in conductors No. 8 AWs and | arger shall be
made w th noni nsul ated, sol derl ess, pressure type connector, confornmng to the
applicable requirements of UL 486A and UL 486B. Splices shall then be covered
with an insulation and jacket material equivalent to the conductor insulation and
jacket. Splices below grade or in wet |ocations shall be seal ed type conformng
to ANSI Cl119.1 or shall be waterproofed by a sealant-filled, thick wall, heat
shri nkabl e, thernosetting tubing or by pouring a thernobsetting resin into a nold
that surrounds the joined conductors.

2.5.3 Ter m nati ons

Term nations shall be in accordance with | EEE Std 48, Class 1 or dass 2; of the
nol ded el astonmer, wet-process porcelain, prestretched el astonmer, heat-shrinkabl e
el astoner, or taped type. Acceptable elastoners are track-resistant silicone
rubber or track-resistant ethylene propyl ene conpounds, such as ethyl ene

propyl ene rubber or ethyl ene propyl ene di ene nononer. Separabl e insul ated
connectors may be used for apparatus term nations, when such apparatus is

provi ded with suitable bushings. Terminations shall be of the outdoor type,
except that where installed inside outdoor equi pment housi ngs which are seal ed
agai nst normal infiltration of noisture and outside air, indoor, Cass 2

term nations are acceptable. Cdass 3 terminations are not acceptable

Term nations, where required, shall be provided with nounting brackets suitable
for the intended installation and with grounding provisions for the cable
shielding, netallic sheath, and arnor.

2.5.3.1 Factory Preforned Type
Mol ded el ast omer, wet-process porcel ain, prestretched, and heat-shrinkabl e
term nations shall utilize factory preformed conponents to the maxi mum ext ent

practicable rather than tape build-up. Terminations shall have basic inpul se
|l evel s as required for the systemvoltage |level. Leakage distances shall comply
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with wet withstand voltage test requirenents of |EEE Std 48 for the next higher
Basic I nsulation Level (BIL) |evel.

.5.3.2 Taped Term nati ons

Taped ternminations shall use standard termnation kits providing termna
connectors, field-fabricated stress cones, and rain hoods. Term nations shall be
at | east510mmlong fromthe end of the tapered cable jacket to the start of the
term nal connector, or not less than the kit manufacturer's reconmendations

whi chever is greater.

.6 CONDU T AND DUCTS
Ducts shall be as indicated on the draw ngs
.6.1 Metal | i c Conduit

Intermedi ate nmetal conduit shall conmply with UL 1242. Rigid gal vani zed stee
conduit shall conply with UL 6 and ANSI C80.1. Metallic conduit fittings and
outlets shall conply with UL 514A and NEVA FB 1

.6.2 Nonmetal I'i ¢ Ducts

.6.2.1 Concrete Encased Ducts

UL 651 Schedul e 40 or NEMA TC 6 Type EB
.6.2.2 Direct Buria

UL 651 Schedul e 40, or NEMA TC 6 Type DB
.6.3 Condui t Seal i ng Conpound

Conpounds for sealing ducts and conduit shall have a putty-like consistency

wor kabl e with the hands at tenperatures as |ow as 2 degrees C (35 degrees F),
shall neither slunp at a tenperature of 150 degrees C (300 degrees F), nor harden
materially when exposed to the air. Conpounds shall adhere to clean surfaces of
fiber or plastic ducts; nmetallic conduits or conduit coatings; concrete, masonry,
or |l ead; any cable sheaths, jackets, covers, or insulation materials; and the
conmon metals. Compounds shall forma seal w thout dissolving, noticeably
changi ng characteristics, or renmoving any of the ingredients. Conpounds shal
have no injurious effect upon the hands of worknen or upon naterials.

.7 MANHCLES, HANDHOLES, AND PULLBOXES

Manhol es, handhol es, and pul | boxes shall be as indicated. Strength of manhol es,
handhol es, and pul | boxes and their frames and covers shall conformto the

requi renents of |EEE C2. Precast-concrete manhol es shall have the required
strength established by ASTM C 478, ASTM C 478M Franmes and covers shall be nmade
of gray cast iron and a nmachine-finished seat shall be provided to ensure a

mat chi ng joint between frame and cover. Cast iron shall conply with ASTM A 48M
G ass 30B, minimum Handholes for |ow voltage cables installed in parking |ots,
si dewal ks, and turfed areas shall be fabricated froman aggregate consisting of
sand and with continuous woven gl ass strands having an overall|l conpressive
strength of at |east 69 MPa (10,000 psi) and a flexural strength of at |east 34.5
MPa (5000 psi). Pullbox and handhol e covers in sidewal ks, and turfed areas shal
be of the same material as the box. Concrete pullboxes shall consist of precast
rei nforced concrete boxes, extensions, bases, and covers.

. 8 POLES AND HARDWARE

Pol es and hardware shall be in accordance with Section 16370A ELECTRI CAL
DI STRI BUTI ON SYSTEM AERI AL
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2.9 TRANSFORMERS, SUBSTATI ONS, AND SW TCHGEAR

Transforners, substations, and sw tchgear shall be of the outdoor type having the
ratings and arrangenments indicated. Mediumvoltage ratings of cable term nations
shal | be 15 kV between phases for 133 percent insulation |evel.

2.9.1 Pad- Mbunt ed Transforners

Pad- nounted transfornmers shall conply with ANSI C57.12.26 and shall be of the

| oop feed type. Pad-nounted transforner stations shall be assenbled and

coordi nated by one manufacturer and each transformer station shall be shipped as
a conplete unit so that field installation requirenents are limted to nounting
each unit on a concrete pad and connecting it to primary and secondary |ines.
Stai nl ess steel pins and hinges shall be provided. Barriers shall be provided
bet ween hi gh- and | ow vol tage conpartnents. Hi gh-voltage conpartnment doors shall
be interlocked with | owvoltage conpartment doors to prevent access to any

hi gh-vol t age section unless its associated | ow voltage section door has first
been opened. Conpartnents shall be sized to neet the specific dimensional

requi renents of ANSI C57.12.26. Pentahead | ocking bolts shall be provided with
provi sions for a padl ock.

2.9.1.1 Hi gh- Vol t age Conpartnents

The hi gh-vol t age conpartnment shall be dead-front construction. Primary sw tching
and protective devices shall include | oadbreak sw tching, oil-inmersed,
current-limting, bayonet-type fuses, nmedi umvoltage separabl e | oadbreak
connectors, universal bushing wells and inserts or integral one piece bushings
and surge arresters. Fuses shall conply with the requirenments of paragraph
METERI NG AND PROTECTI VE DEVI CES. The switch shall be nounted inside transforner
tank with switch operating handle | ocated in high-voltage conpartnent and

equi pped with metal |oop for hook stick operation. Fuses shall be interlocked
with switches so that fuses can be renoved only when the associated switch is in
the "OPEN' position. Adjacent to nediumvoltage cable connections, a naneplate
or equivalent stencilled inscription shall be provided inscribed "DO NOT OPEN
CABLE CONNECTORS UNLESS SWTCH IS OPEN." Surge arresters shall be fully

i nsul ated and configured to term nate on the sane bushing as the primary cable by
means of a | oadbreak, feed-through bushing insert or a second set of high voltage
bushi ngs when there is no | oop feed.

2.9.1.2 Load-Break Switch

Loop feed sectionalizer switches: Provide three, two-position, oil-inmersed type
switches to pernit closed transition | oop feed and sectionalizing. Each switch
shall be rated at 15 kV, 95 kV BIL, with a continuous current rating and

| oad-break rating of 200 anperes, and a nake-and-latch rating of 10,000 rns
anperes symetrical. Locate the switch handle in the high-voltage conpartnment.
Qperation of switches shall be as foll ows:

ARRANGENVENT DESCRI PTI ON CF SW TCH PCOSI TI ON
# SW TCH LINE A SW LINE B SW XFMR SW
ARRANGENENT OPEN CLCSE OPEN CLCSE OPEN CLCSE
1 Li ne A connected to X X X

Li ne B and both
| i nes connected to
t ransf or ner

2 Transforner connected X X X
to Line A only
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ARRANGENVENT DESCRI PTI ON CF SW TCH PCOSI TI ON
# SW TCH LINE A SW LINE B SW XFMR SW
ARRANGENENT OPEN CLCSE OPEN CLCSE OPEN CLCSE
3 Transforner connected X X X

to Line B only

4 Transf ormer open and X X X
| oop cl osed

5 Transformer open and X X X
| oop open

2.9.1.3 Transforner Tank Sections

Transforners shall conply with | EEE C57.12.00, ANSI C57.12.21, and ANSI C57.12.26
and shall be of the mineral oil-insulated type. Transformers shall be suitable
for outdoor use and shall have 2 separate wi ndings per phase. Al transforner

wi ndi ngs shall be copper. Standard NEMA primary taps shall be provided. Were
primary taps are not specified, 4, 2-1/2 percent rated kVA hi gh-voltage taps
shal | be provided 2 above and 2 below rated, primary voltage. Operating handl es
for primary tap changers for de-energi zed operation shall be located within

hi gh-vol tage conpartments, externally to transfornmer tanks. Adjacent to the tap
changer operating handl e, a nanmeplate or equivalent stenciled inscription shal
be provided and inscribed "DO NOT OPERATE UNDER LOAD." Transforner ratings at 60
Hz shall be as follows:

Three-phase capaci ty. ... ... e __as indicated___ kVA
I MPEAANCE. . . o _ 5.75% .
Tenmperature RiSe. ... ... . e 65 degrees C.

H gh-voltage winding............. ... .. _12470___ volts

H gh-voltage winding connections................ ..., __Delta___.
Lowvoltage winding. ............ .. __as indicated___ volts.
Low voltage winding connections................. .« ..i.iuinio... _ We_

Wnding material primary and secondary ...................... ___ copper_.

2.9.1.4 Low Vol t age Cabl e Conpartnents

Neutrals shall be provided with fully-insulated bushings. danp type cable
term nations, suitable for copper conductors entering frombel ow, shall be
provi ded as necessary.

2.9.1.5 Accessories
H gh-vol tage warni ng signs shall be permanently attached to each side of

transfornmer stations. Voltage warning signs shall conply with | EEE C2.
Copper-faced steel or stainless steel ground connection pads shall be provided in

both the high- and | owvoltage conpartnments. Dial-type thernmoneter, |iquid-Ieve
gauge, and drain valve with built-in sanpling device shall be provided for each
transfornmer station. |nsul ated-bushing-type parking stands shall be provided

adj acent to each separabl e | oad-break el bow to provide for cable isolation during
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sectionalizing operations.

.9.2 Pad- Mount ed Sectionali zers

Pad- nobunt ed, sectionalizing switches shall conformto the requirements of |EEE
C37.63. The switchgear shall be configured with 2 incom ng conpartnents for

| oop-feed arrangenentone inconm ng conpartnent for radial-feed equi pped with

SF6-i nsul ated | oad-interrupter switches, as indicated. The outgoing conpartnents
shall be provided with non-recl osing sectionalizers.

.9.2.1 Rat i ngs

Rati ngs at 60 Hz shall be:

Nomi nal voltage (KV) .. ... ... _14.4
Rated maxi mumvoltage (KV) ... ... ... . .. . . . . . . 17
Rated continuous current (A .. ...... ..., _ 600
Thr ee-second short-tinme current-carrying capacity (kA ........... 14

Contractor shall veri fy with user and/or COR available short circuit current at
connection point to existing utility. Contact COR for discrepencies.

BLL (KV) ettt ettt e e e e e e e e e e 95

.9.2.2 Encl osur es

Swi t chgear encl osures shall be of freestanding, self-supporting construction
provided with separate i nconm ng and out goi ng conpartnents configured for bottom
cable entry. Enclosures shall be of deadfront construction, provided with a

hi nged door for access to each conpartnent, and conformto the requirenents of
ANSI C57.12.28, ANSI C37.72, and |EEE C37.20.3, Category A

.9.3 Cabl e Termi nating Cabinets

Cabl e terminating cabinets shall be hook-stick operable, deadfront construction
conformng to the requirenents of | EEE C37.20.3, Category A. Cabinets shall be
provided with with 200 A | oadbreak junctions and el bowtype separabl e | oadbreak
connectors, cable parking stands, and grounding lugs. The cable term nating
equi pnents shall conformto | EEE Std 386.

Rati ngs at 60 Hz shall be:

Nom nal voltage (KV) . ... e _ 12470
Rated maxi mumvoltage (KV)..... ... ... . . . i __15000__
Rated continuous current (A) . ........ e 200 A
Bl L (KN e e e _ 95

.10 METERI NG AND PROTECTI VE DEVI CES
.10.1 Fuses, Medium Voltage, Including Current-Limting
.10.1.1 Construction

Units shall be suitable for outdoor use. Fuses shall have integral blown-fuse
indicators. Al ratings shall be clearly visible.
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2.10.1.2 Rati ngs

Expul si on-type power fuses shall have ratings in accordance with ANSI C37.46 and
as follows:

Nomi nal vol tage. . . ... 12470

Rated maxi mumvoltage. . ... __15000__

Maxi mum symetrical interrupting capacity....................... _14000__

Rated continuOUS CUIrent. . ...... ... .t __as indicated____
Bl L. e 95

2.10.1.3 E-Rated, Current-Limting Power Fuses
E-rated, current-limting, power fuses shall conformto ANSI C37.46
2.10.2 Wat t hour Meters

Watt hour neters shall conformto ANSI Cl2.10, except nunbered terminal wring
sequence and case size may be the manufacturer's standard. Watthour neters shall
be of the socket nounted outdoor type having a 60 minute, cumulative form denmand
register nmeeting ANSI Cl12.4 and provided with not |less than 2-1/2 stators.
Wat t hour demand neters shall have factory-installed electronic pulse initiators
Pul se initiators shall be solid-state devices incorporating light-emtting

di odes, phototransistors, and power transistors, except that nmercury-wetted

out put contacts are acceptable. Initiators shall be totally contained within
wat t hour demand neter encl osures, shall be capable of operating up to speeds of
500 pul ses per minute with no false pulses, and shall require no field
adjustnents. Initiators shall be calibrated for a pulse rate output of 1 pulse
per 1/4 disc revolution of the associated neter and shall be conpatible with the
i ndi cated equi pnent .

2.11  SURGE ARRESTERS
Surge arresters shall conmply with NEMA LA 1, |EEE C62.1, |EEE C62.2, and | EEE
C62.11 and shall be provided where indicated. Arresters shall be distribution
class, rated as shown. Arresters shall be equi pped with mounting brackets

suitable for the indicated installations. Arresters shall be of the netal -oxide
varistor type

2.12  GROUNDI NG AND BONDI NG

2.12.1 Driven G ound Rods
G ound rods shall be copper-clad steel conformng to UL 467 not less than 19 mm
(3/4 inch) in dianeter by 3.1 m (10 feet) in length. Sectional type rods nmay be
used.

2.12.2 G oundi ng Conductors
G oundi ng conductors shall be bare, except where installed in conduit with
associ at ed phase conductors. |nsulated conductors shall be of the sane nmateria
as phase conductors and green col or-coded, except that conductors shall be rated
no nore than 600 volts. Bare conductors shall be ASTM B 8 soft-drawn unl ess
ot herwi se indicated. Al um numis not acceptable.

2.13 CONCRETE AND REI NFORCENMENT

Concrete work shall have m ni mum conpressive strength and conformto the
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requi renents of Section 03300 CAST-I N PLACE STRUCTURAL CONCRETE. Concrete
reinforcing shall be as specified in Section 03200A CONCRETE REI NFORCEMENT.

.14  PADLOCKS
Padl ocks shall conply with Section 08710 DOOR HARDWARE.
.15  CABLE FI REPROCFI NG SYSTEMS

Cabl e fireproofing systens shall be listed in FM P7825a as a fire-protective
coating or tape approved for grouped electrical conductors and shall be suitable
for application on the type of nediumvoltage cables provided. After being fully
cured, materials shall be suitable for use where exposed to oil, water, gases
salt water, sewage, and fungus and shall not danage cable jackets or insulation
Asbestos materials are not acceptabl e.

.15.1 Fi reproof Coating

Cabl e fireproofing coatings shall be conpounded of water-based thernoplastic
resins, flame-retardant chemicals, and inorgani c nonconbustible fibers and shal
be suitable for the application nethods used. Coatings applied on bundled cabl es
shall have a derating factor of less than 5 percent, and a dielectric strength of
95 volts per m| mninmumafter curing

.15.2 Fi reproofing Tape

Fi reproofing tape shall be at least 50 mm (2 inches) wi de and shall be a
fl exi ble, confornmable, polyneric, elastoner tape designed specifically for
fireproofing cables

.15.3 Pl astic Tape

Preapplication plastic tape shall be pressure sensitive, 0.254 nm (10 nmil) thick,
conformng to UL 510.

.16 LI QU D DI ELECTRI CS

Liquid dielectrics for transformers, capacitors, reclosers, and other
liquid-filled electrical equipment shall be non-pol ychlorinated bi phenyl (PCB)
mneral -oil or less-flammable liquid as specified. Nonflammuable fluids shall not
be used. Tetrachl oroethyl ene (perchloroethylene) and 1, 2, 4 trichlorobenzene
fluids shall not be used. Liquid dielectrics in retrofitted equipnment shall be
certified by the manufacturer as having |l ess than 50 parts per mllion (ppnm PCB
content. In lieu of the manufacturer's certification, the Contractor may submit
a test sanple of the dielectric in accordance with ASTM D 923 and have tests
performed per ASTM D 4059 at a testing facility approved by the Contracting

O ficer. Equipnent with test results indicating PCB | evel exceeding 50 ppm shal
be repl aced

.17 FACTORY TESTS

Factory tests shall be performed, as follows, in accordance with the applicable
publications and with other requirenments of these specifications. The
Contracting Officer shall be notified at | east 10 days before the equipnent is
ready for testing. The Contracting Oficer reserves the right to witness the
tests.

a. Transforners: Manufacturer's standard routine tests in accordance with
| EEE C57.12.00

b. Transfornmers rated 200 kVA and above: Reduced full-wave, chopped-wave,

and full-wave inpulse test on each line and neutral termnal, in
accordance with | EEE C57. 98.
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c. High-Voltage Air Switches: Manufacturer's standard tests in accordance
with | EEE C37.34 and | EEE C37. 41.

d. Protective Relays: Seismc tests in accordance with | EEE C37.98. Surge
withstand tests in accordance with | EEE C37.90. 1.

g. Factory Preformed Termi nations: Wt wthstand voltage tests in
accordance with IEEE Std 48 for the next higher BIL |evel.

h. Qutdoor Switchgear: Manufacturer's standard tests in accordance with
| EEE C37.20.1, |EEE C37.20.2, and | EEE C37.20.3

i. Electrical Power Insulators: Mnufacturer's standard tests in accordance
with ANSI C29.1

PART 3 EXECUTI ON

3.

1  GENERAL | NSTALLATI ON REQUI REMENTS

Equi pment and devi ces shall be installed and energi zed in accordance with the
manufacturer's published instructions. Circuits installed aerially shall conform
to the requirements of Section 16370A ELECTRI CAL DI STRI BUTI ON SYSTEM AERI AL

Steel conduits installed underground shall be installed and protected from
corrosion in conformance with the requirements of Section 16415A ELECTRI CAL WORK
I NTERI OR.  Except as covered herein, excavation, trenching, and backfilling shal
conformto the requirements of Section 02316A EXCAVATI ON, TRENCH NG AND
BACKFI LLI NG FOR UTI LI TIES SYSTEMS. Concrete work shall have nini mum 20 MPa
conpressive strength and conformto the requirenents of Section 03300
CAST- | N- PLACE STRUCTURAL CONCRETE

.11 Conf ormance to Codes

The installation shall conply with the requirenents and recommendati ons of NFPA 70
and | EEE C2 as applicabl e.

.1.2 Verification of D nensions

The Contractor shall becone familiar with details of the work, shall verify
dinensions in the field, and shall advise the Contracting O ficer of any
di screpancy before perform ng any work.

.1.3 Di sposal of Liquid Dielectrics

PCB- cont am nated di el ectrics nmust be nmarked as PCB and transported to and

i ncinerated by an approved EPA waste disposal facility. The Contractor shal
furnish certification of proper disposal. Contaminated dielectrics shall not be
diluted to | ower the contam nation |evel

.2 CABLE AND BUSWAY | NSTALLATI ON

The Contractor shall obtain fromthe manufacturer an installation manual or set
of instructions which addresses such aspects as cable construction, insulation
type, cable dianeter, bending radius, cable tenperature, lubricants, coefficient
of friction, conduit cleaning, storage procedures, noisture seals, testing for
and purging noisture, etc. The Contractor shall then perform pulling

calcul ations and prepare a pulling plan which shall be submtted along with the
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manuf acturers instructions in accordance with SUBM TTALS
.2.1 Cabl e Installation Plan and Procedure

Cabl e shall be installed strictly in accordance with the cable manufacturer's
recomrendations. Each circuit shall be identified by means of a fiber, |am nated
plastic, or non-ferrous netal tags, or approved equal, in each nanhol e, handhol e,
junction box, and each term nal. Each tag shall contain the follow ng

i nformati on; cable type, conductor size, circuit nunber, circuit voltage, cable
destination and phase identification.

.2.1.1 Cabl e I nspection

The cable reel shall be inspected for correct storage positions, signs of
physi cal damage, and broken end seals. |If end seal is broken, noisture shall be
removed from cable in accordance with the cable manufacturer's recommendati ons.

.2.1.2 Duct d eaning

Duct shall be cleaned with an assenbly that consists of a flexible nandrel
(manufacturers standard product in | engths recommended for the specific size and
type of duct) that is 6.4 mm (1/4 inch) |less than inside dianeter of duct, 2

wire brushes, and a rag. The cleaning assenbly shall be pulled through conduit a
m nimumof 2 times or until less than a volune of 131 cubic centinmeters (8 cubic
i nches) of debris is expelled fromthe duct.

.2.1.3 Duct Lubrication

The cabl e lubricant shall be conpatible with the cable jacket for cable that is
being installed. Application of lubricant shall be in accordance with |ubricant
manuf acturer's recomendati ons.

.2.1. 4 Cabl e Installation

The Contractor shall provide a cable feeding truck and a cable pulling wi nch as
required. The Contractor shall provide a pulling grip or pulling eye in
accordance with cable manufacturer's reconmendati ons. The pulling grip or
pul i ng eye apparatus shall be attached to pol ypropylene or manilla rope followed
by lubricant front end packs and then by power cables. A dynanoneter shall be
used to nmonitor pulling tension. Pulling tension shall not exceed cable

manuf acturer's recomrendati ons. The Contractor shall not allow cables to cross
over while cables are being fed into duct. For cable installation in cold

weat her, cables shall be kept at 10 degrees C (50 degrees F) tenperature for at

| east 24 hours before installation.

.2.1.5 Cable Installation Plan
The Contractor shall submit a cable installation plan for all cable pulls in
accordance with the detail draw ngs portion of paragraph SUBM TTALS. Cable

installation plan shall include:

a. Site layout drawing with cable pulls identified in nurmeric order of
expected pulling sequence and direction of cable pull

b. List of cable installation equipnment.
c. Lubricant manufacturer's application instructions.

d. Procedure for resealing cable ends to prevent noisture fromentering
cabl e.

e. Cable pulling tension calculations of all cable pulls.
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f. Cable percentage conduit fill.

g. Cable sidewall thrust pressure.

h. Cabl e m ni num bend radi us and m ni mum di aneter of pulling wheels used.
i. Cable jamratio.

j . Maximum al | owabl e pulling tension on each different type and size of
conduct or.

k. Maxi mum al | owabl e pul ling tension on pulling device.
2.2 Duct Line
Medi um vol t age cabl es and Low vol tage cables shall be installed in duct |ines

wher e i ndi cat ed. Neutral and groundi ng conductors shall be installed in the
sane duct with their associ ated phase conductors.

.2.3 El ectric Manhol es

Cabl es shall be routed around the interior walls and securely supported from
wal | s on cables racks. Cable routing shall mnimze cable crossover, provide
access space for naintenance and installation of additional cables, and naintain
cabl e separation in accordance with | EEE C2

.3  CABLE JONTS

Medi um vol tage cable joints shall be nade by qualified cable splicers only.
Qualifications of cable splicers shall be submtted in accordance w th paragraph
SUBM TTALS. Shields shall be applied as required to continue the shielding
system through each entire cable joint. Shields may be integrally nolded parts
of preforned joints. Shields shall be grounded at each joint or in accordance
with manufacturer's reconmended practice. Cable joints shall provide insulation
and jacket equivalent to that of the associated cable. Arnored cable joints
shal | be encl osed in conmpound-filled, cast-iron or alloy, splice boxes equi pped
with stuffing boxes and arnor clanps of a suitable type and size for the cable
bei ng install ed.

.4  FI REPROCFI NG

Each medi um vol t age cabl e and conductor in manholes shall be fire-proofed for
their entire length within the nanhole. Where cabl es and conductors have been
lubricated to enhance pulling into ducts, the lubricant shall be renpbved from
cabl es and conductors exposed in the manhol e before fireproofing. Fire-stops shal
be installed in each conduit entering or |eaving a nanhol e.

.4.1 Tape Met hod

Bef ore application of fireproofing tape, plastic tape wapping shall be applied
over exposed netallic itenms such as the cable ground wire, netallic outer
covering, or arnor to mnimze the possibility of corrosion fromthe fireproofing
materials and noisture. Before applying fireproofing tape, irregularities of

cabl es, such as at cable joints, shall be evened out with insulation putty. A
flexi ble conformabl e polyneric el astonmer fireproof tape shall be wapped tightly
around each cable spirally in 1/2 | apped wapping or in 2 butt-jointed w appi ngs
with the second w apping covering the joints of the first.

.4.2 Sprayabl e Met hod

Manhol es shall be power ventilated until coatings are dry and dewatered and the
coatings are cured. Ventilation requirenents shall be in accordance with the
manufacturer's instruction, but not |less than 10 air changes per hour shall be
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provided. Cable coatings shall be applied by spray, brush, or glove to a wet
filmthickness that reduces to the dry filmthickness approved for fireproofing
by FM P7825a. Application nmethods and necessary safety precautions shall be in
accordance with the manufacturers instructions. After application, cable
coatings shall be dry to the touch in 1 to 2 hours and fully cured in 48 hours,
except where the nanufacturer has stated that because of unusual humdity or
temperature, |onger periods may be necessary.

.5 DUCT LI NES
.5.1 Requi renent s

Nunbers and sizes of ducts shall be as indicated. Duct lines shall be laid with
a m ni mum sl ope of 100 mm per 30 m Depending on the contour of the finished
grade, the high-point may be at a termnal, a manhol e, a handhol e, or between
manhol es or handhol es. Short-radi us manufactured 90-degree duct bends may be
used only for pole or equipnent risers, unless specifically indicated as
acceptable. The m ni mum manuf actured bend radi us shall be 450 mm (18 inches) for
ducts of less than 80 mm (3 inch) dianmeter, and 900 mm (36 i nches) for ducts 80
mm (3 inches) or greater in dianmeter. Qherw se, |ong sweep bends having a

m ni mum radi us of 7.6 mshall be used for a change of direction of nore than 5
degrees, either horizontally or vertically. Both curved and straight sections
may be used to formlong sweep bends, but the maxi mum curve used shall be 30
degrees and manufactured bends shall be used. Ducts shall be provided with end
bel I s whenever duct lines terminate in manhol es or handhol es.

.5.2 Tr eat ment

Ducts shall be kept clean of concrete, dirt, or foreign substances during
construction. Field cuts requiring tapers shall be nmade with proper tools and
match factory tapers. A coupling recommended by the duct manufacturer shall be
used whenever an existing duct is connected to a duct of different nmaterial or
shape. Ducts shall be stored to avoid warping and deterioration with ends
sufficiently plugged to prevent entry of any water or solid substances. Ducts
shal | be thoroughly cleaned before being laid. Plastic ducts shall be stored on
a flat surface and protected fromthe direct rays of the sun.

.5.3 Concr et e Encasenent

Ducts requiring concrete encasenents shall conply with NFPA 70, except that
el ectrical duct bank configurations for ducts 150 nm (6 inches) in dianeter shal
be determ ned by cal cul ati on and as shown on the drawi ngs. The separation
bet ween adj acent el ectric power and communi cati on ducts shall conformto | EEE C2.
Duct |ine encasenents shall be nonolithic construction. Were a connection is
made to a previously poured encasenent, the new encasenent shall be well bonded
or doweled to the existing encasement. The Contractor shall submt proposed
bondi ng nethod for approval in accordance with the detail draw ng portion of
par agraph SUBM TTALS. At any point, except railroad and airfield crossings, tops
of concrete encasenments shall be not |ess than the cover requirements listed in
NFPA 70. At railroad and airfield crossings, duct lines shall be encased with
concrete and reinforced as indicated to withstand specified surface | oadi ngs.
Tops of concrete encasenents shall be not less than 1.5 mbelow tops of rails or
airfield paving unless otherw se indicated. Were ducts are jacked under
exi sting pavenent, rigid steel conduit will be installed because of its strength.
To protect the corrosion-resistant conduit coating, predrilling or installing
conduit inside a larger iron pipe sleeve (jack-and-sleeve) is required. For
crossings of existing railroads and airfield pavenents greater than 15 min
Il ength, the predrilling method or the jack-and-sleeve nethod will be used
Separators or spacing bl ocks shall be made of steel, concrete, plastic, or a
conbi nation of these materials placed not farther apart than 1.2 mon centers.
Ducts shall be securely anchored to prevent nmovenent during the placenent of
concrete and joints shall be staggered at |east 150 mmvertically.
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5.4 Nonencased Direct-Buri al

Top of duct lines shall be not less than 914 mm (36 inches) bel ow finished grade
and shall be installed with a mnimumof 75 mm of earth around each duct, except
that between adjacent electric power and communi cation ducts, 300 mmof earth is
required. Bottons of trenches shall be graded toward manhol es or handhol es and
shall be snmooth and free of stones, soft spots, and sharp objects. Were bottons
of trenches conprise nmaterials other than sand, a 75 mmlayer of sand shall be
laid first and conpacted to approximate densities of surrounding firmsoil before
installing ducts. Joints in adjacent tiers of duct shall be vertically staggered
at leastl 50 nm The first 150 nm | ayer of backfill cover shall be sand
conpacted as previously specified. The rest of the excavation shall be
backfill ed and conpacted in 75 to 150 mmlayers. Duct banks nmay be held in
alignnent with earth. However, high-tiered banks shall use a wooden franme or

equi valent formto hold ducts in alignment prior to backfilling.

.5.5 Installation of Couplings

Joints in each type of duct shall be made up in accordance with the
manuf acturer's recomrendations for the particular type of duct and coupling
sel ected and as approved.

.5.5.1 Pl asti c Duct

Duct joints shall be rmade by brushing a plastic solvent cement on insides of
plastic coupling fittings and on outsides of duct ends. Each duct and fitting
shall then be slipped together with a quick 1/4-turn twist to set the joint
tightly.

.5.6 Duct Line Markers

Duct line markers shall be provided at the ends of |long duct |ine stubouts or for
ot her ducts whose | ocations are indeterm nate because of duct curvature or

term nations at conpletely bel owgrade structures. In addition to markers, a
0.127 mm (5 mil) brightly colored plastic tape, not less than 75 nm (3 inches) in
width and suitably inscribed at not nore than 3 m (10 feet) on centers with a
continuous netallic backing and a corrosion-resistant 0.0254 nm (1 ml) netallic
foil core to permit easy location of the duct line, shall be placed approxi nately
300 mm bel ow fini shed grade | evels of such I|ines.

.6 MANHCLES, HANDHOLES, AND PULLBOXES

.6.1 Cener a

Manhol es shall be constructed approxi mately where shown. The exact |ocation of
each manhol e shall be determined after careful consideration has been given to
the location of other utilities, grading, and paving. The |ocation of each
manhol e shall be approved by the Contracting O ficer before construction of the
manhol e is started. Manholes shall be the type noted on the draw ngs and shal

be constructed in accordance with the applicable details as indicated. Top,

wal I's, and bottom shall consist of reinforced concrete. Walls and bottom shal

be of nonolithic concrete construction. The Contractor may at his option utilize
nmonol i thically constructed precast-concrete nanhol es having the required strength

and inside dinensions as required by the drawi ngs or specifications. |In paved
areas, frames and covers for manhol e and handhol e entrances in vehicular traffic
areas shall be flush with the finished surface of the paving. |n unpaved areas

the top of manhol e covers shall be approxi mately 15 mm above the finished grade.
Where existing grades that are higher than finished grades are encountered,
concrete assenblies designed for the purpose shall be installed to el evate
temporarily the nmanhol e cover to existing grade level. Al duct lines entering
manhol es rmust be installed on conpact soil or otherw se supported when entering a
manhol e to prevent shear stress on the duct at the point of entrance to the
manhol e. Duct |ines entering cast-in-place concrete manhol es shall be cast
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in-place with the nmanhole. Duct lines entering precast concrete manhol es through
a precast knockout penetration shall be grouted tight with a portland cenent
mortar. PVC duct lines entering precast manhol es through a PVC endbell shall be
solvent welded to the endbell. A cast netal grille-type sunp frane and cover
shall be installed over the nmanhole sunp. A cable-pulling iron shall be
installed in the wall opposite each duct |ine entrance

.6.2 El ectri c Manhol es

Cabl es shall be securely supported fromwalls by hot-dip gal vani zed cabl e racks
with a plastic coating over the gal vani zing and equi pped wi th adj ustabl e hooks
and insulators. Cable racks shall be installed in each nanhol e and not |ess than
2 spare hooks shall be installed on each cable rack. |Insulators shall be nade of
hi gh- gl azed porcelain. Insulators will not be required on spare hooks.

.6.3 Comruni cati ons Manhol es

The nunber of hot-dip gal vani zed cable racks with a plastic coating over the
gal vani zing indicated shall be installed in each tel ephone manhol e. Each cabl e
rack shall be provided with 2 cable hooks. Cables for the tel ephone and
conmuni cation systens will be installed by others

.6.4 Handhol es

Handhol es shall be | ocated approxi mately as shown. Handhol es shall be of the
type noted on the drawi ngs and shall be constructed in accordance with the
details shown.

.6.5 Pul | boxes

Pul | box tops shall be flush w th sidewal ks or curbs or placed 15 nmabove
surroundi ng grades when renote from curbed roadways or sidewal ks. Covers shal
be marked "Low Vol tage"” and provided with 2 lifting eyes and 2 hol d-down bolts.
Each box shall have a suitable opening for a ground rod. Conduit, cable, ground
rod entrances, and unused openings shall be sealed with nortar.

.6.6 G ound Rods

A ground rod shall be installed at the nanhol es, handhol es and pul | boxes. G ound
rods shall be driven into the earth before the nmanhole floor is poured so that
approxi mately 100 mm of the ground rod will extend above the manhole floor. Wen
precast concrete manhol es are used, the top of the ground rod nmay be bel ow t he
manhol e fl oor and a No. 1/0 AWs ground conductor brought into the manhol e through
a watertight sleeve in the manhol e wall

.7 PAD- MOUNTED EQUI PMENT | NSTALLATI ON

Pad- nount ed equi pnent, shall be installed on concrete pads in accordance with the
manuf acturer's published, standard installation drawi ngs and procedures, except
that they shall be nodified to neet the requirenents of this docunent. Units
shall be installed so that they do not damage equi pnent or scratch painted or
coated surfaces. After installation, surfaces shall be inspected and scratches
touched up with a paint or coating provided by the manufacturer especially for
this purpose. Three-phase transforners shall be installed with phase sequence as
per Ft. Riley Public Wrks. Primary taps shall be set at such that the output

is 208 or 480 volts at 50% | oadi ng.

. 7.1 Concr et e Pads
.7.1.1 Construction

Concrete pads for pad-nmounted el ectrical equi pment nay be either pre-fabricated or
poured-in-place. Pads shall be constructed as indicated, except that exact pad
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di nensi ons and nounting details are equipnment specific and are the responsibility
of the Contractor. Tops of concrete pads shall be level and shall project 100 mm
above finished paving or grade and sloped to drain. Edges of concrete pads shal
have 20 mmchanfer. Conduits for prinmary, secondary, and groundi ng conductors
shall be set in place prior to placenent of concrete pads. Were grounding

el ectrode conductors are installed through concrete pads, PVC conduit sleeves
shall be installed through the concrete to provide physical protection. To
facilitate cable installation and term nation, the concrete pad shall be provided
with a rectangul ar hol e below the primary and secondary compartments, sized in
accordance with the manufacturer's recomended di mensions. Upon conpl etion of
equi pnent installation the rectangul ar hole shall be filled with nasonry grout.

.7.1.2 Concrete and Rei nf or cenent

Concrete work shall have mninmum 20 MPa conpressive strength and conformto the
requi renents of Section 03300 CAST-1 N PLACE STRUCTURAL CONCRETE. Concrete pad
rei nforcement shall be in accordance with Section 03200A CONCRETE REI NFORCEMENT

.7.1.3 Seal i ng

When the installation is conplete, the Contractor shall seal all conduit and

other entries into the equi pnent enclosure with an approved seal i ng conpound.
Seal s shall be of sufficient strength and durability to protect all energized
live parts of the equipnment fromrodents, insects, or other foreign nmatter.

.7.2 Padl ocks

Padl ocks shall be provided for pad-nounted equi prent and for each fence gate.
Padl ocks shall be keyed as directed by the Contracting O ficer.

.8  CONNECTI ONS BETWEEN AERI AL AND UNDERGRCUND SYSTEMS

Connecti ons between aerial and underground systens shall be nmade as shown.

Under ground cabl es shall be extended up poles in conduit to cable term nations.
Conduits shall be secured to the poles by 2-hol e gal vani zed steel pipe straps
spaced not nore than 3 mapart and with 1 strap not nore than 300 mm from any
bend or termination. Cable guards shall be secured to poles in accordance with
the manufacturer's published procedures. Conduits shall be equipped with
bushings to protect cables and mnimze water entry. Capnut potheads shall be
used to term nate nedi umvoltage nultipl e-conductor cable. Cables shall be
supported by devices separate fromthe conduit or guard, near their point of exit
fromthe conduit or guard

.8.1 Pol e Installation

Pol e installation shall be in accordance with Section 16370A ELECTRI CAL
Dl STRI BUTI ON SYSTEM AERI AL

.9  CONNECTI ONS TO BUI LDI NGS

Cabl es shall be extended into the various buildings as indicated, and shall be
connected to the first applicable term nation point in each building
Interfacing with building interior conduit systens shall be at conduit stubouts
termnating 1.5 m outside of a building and 600 mm bel ow finished grade as
speci fied and provi ded under Section 16415A ELECTRI CAL WORK, INTERIOR  After
installation of cables, conduits shall be sealed with caul king conmpound to
prevent entrance of noisture or gases into buildings.

.10  GROUNDI NG
A ground ring consisting of the indicated configuration of bare copper conductors

and driven ground rods shall be installed around pad-nmounted equi pnent as shown.
Equi prent franmes of netal -encl osed equi prent, and ot her noncurrent-carrying netal
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parts, such as cable shields, cable sheaths and arnor, and netallic conduit shal
be grounded. At |east 2 connections shall be provided froma transforner, to the
ground mat. Metallic frames and covers of handhol es and pull boxes shall be
grounded by use of a braided, copper ground strap with equival ent anpacity of No.
6 AVG

3.10.1 G oundi ng El ectrodes
G ounding el ectrodes shall be installed as shown on the drawi ngs and as foll ows:

a. Driven rod electrodes - Unless otherw se indicated, ground rods shall be
driven into the earth until the tops of the rods are approximately 300 mm
bel ow fi ni shed grade.

b. Gound mat - A ground mat shall be installed as shown.

c. Gound ring - Aground ring shall be installed as shown consisting of
bare copper conductors installed 600 nm plus or mnus 75 mm bel ow
finished top of soil grade. Gound ring conductors shall be sized as
shown.

d. Additional electrodes - Wen the required ground resistance is not met,
addi tional electrodes shall be provided interconnected w th grounding
conductors to achieve the specified ground resistance. The additiona
el ectrodes will be up to three,3 m (10 feet) rods spaced a mi ni mumof 3.7

m apart. In high ground resistance, UL listed chem cally charged
ground rods may be used. |If the resultant resistance exceeds 25 ohns
measured not |less than 48 hours after rainfall, the Contracting Oficer

shall be notified i mediately.
3.10.2 G oundi ng and Bondi ng Connecti ons

Connecti ons above grade shall be made by the fusion-welding process or with
bol t ed sol derl ess connectors, in conpliance with UL 467, and those bel ow grade
shal | be nade by a fusion-welding process. Were grounding conductors are
connected to al um num conposition conductors, specially treated or |ined
copper-to-al um num connectors suitable for this purpose shall be used

3.10.3 Groundi ng and Bondi ng Conductors

Groundi ng and bondi ng conductors include conductors used to bond transfornmer

encl osures and equi pnent franes to the grounding el ectrode system G oundi ng and
bondi ng conductors shall be sized as shown, and |ocated to provide nmaxi num

physi cal protection. Bends greater than 45 degrees in ground conductors are not
permtted. Routing of ground conductors through concrete shall be avoided. When
concrete penetration is necessary, nonmetallic conduit shall be cast flush with
the points of concrete entrance and exit so as to provide an opening for the
ground conductor, and the opening shall be sealed with a suitable conmpound after
installation.

3.10.4 Surge Arrester G ounding

Surge arresters and neutrals shall be bonded directly to the transforner

encl osure and then to the grounding el ectrode systemw th a bare copper
conductor, sized as shown. Lead |Iengths shall be kept as short as practicable
with no kinks or sharp bends.

3.10.5 Manhol e, Handhol e, or Concrete Pul | box G oundi ng
Gound rods installed in manhol es, handhol es, or concrete pull boxes shall be
connected to cable racks, cable-pulling irons, the cable shielding, netallic

sheath, and arnmor at each cable joint or splice by neans of a No. 4 AWS brai ded
tinned copper wire. Connections to netallic cable sheaths shall be by neans of
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tinned term nals soldered to ground wires and to cable sheaths. Care shall be
taken in soldering not to damage netal lic cable sheaths or shields. G ound rods
shall be protected with a double wapping of pressure-sensitive plastic tape for
a di stance of 50 nm above and 150 mm bel ow concrete penetrati ons. G oundi ng

el ectrode conductors shall be neatly and firmy attached to manhol e or handhol e
wal | s and the anmount of exposed bare wire shall be held to a m ni num

.10.6 Metal Splice Case G ounding

Metal splice cases for nediumvoltage direct-burial cable shall be grounded by
connection to a driven ground rod | ocated within 600 mm of each splice box using
a groundi ng el ectrode conductor having a current-carrying capacity of at |east 20
percent of the individual phase conductors in the associated splice box, but not

| ess than No. 6 AWG

.10.7 Ri ser Pol e G oundi ng

A single continuous vertical grounding el ectrode conductor shall be installed on
each riser pole and connected directly to the groundi ng el ectrodes indicated on
the drawi ngs or required by these specifications. Al equipnment, neutrals, surge
arresters, and itens required to be grounded shall be connected directly to this
vertical conductor. The grounding el ectrode conductor shall be sized as shown.
Groundi ng el ectrode conductors shall be stapled to wood poles at intervals not
exceedi ng 600 mm

.11 FI ELD TESTI NG
111 Cener al

Field testing shall be performed in the presence of the Contracting Oficer. The
Contractor shall notify the Contracting Oficer 30 days prior to conducting
tests. The Contractor shall furnish all materials, |abor, and equi pnent
necessary to conduct field tests. The Contractor shall performall tests and

i nspections recommended by the manufacturer unless specifically waived by the
Contracting Oficer. The Contractor shall maintain a witten record of all tests
whi ch includes date, test performed, personnel involved, devices tested, serial
nunber and name of test equipnent, and test results. Field test reports shall be
signed and dated by the Contractor.

.11.2 Saf ety

The Contractor shall provide and use safety devices such as rubber gl oves,
protective barriers, and danger signs to protect and warn personnel in the test
vicinity. The Contractor shall replace any devices or equi pment which are
danaged due to inproper test procedures or handling.

.11.3 G ound- Resi st ance Tests

The resi stance of each grounding el ectrode system shall be nmeasured using the
fall-of-potential nmethod defined in I|EEE Std 81. G ound resistance neasurenents
shall be nade before the electrical distribution systemis energized and shall be
made in normally dry conditions not |ess than 48 hours after the last rainfall
Resi st ance neasurenents of separate groundi ng el ectrode systens shall be nade
before the systens are bonded together bel ow grade. The conbi ned resistance of
separate systenms nay be used to neet the required resistance, but the specified
nunber of el ectrodes nust still be provided

a. Single rod electrode - 25 ohns.

b. Miltiple rod electrodes - _ 25  ohns.
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d. Gound ring - _ 25 ohns.

3.11. 4 Medi um Vol t age Cabl e Test

After installation and before the operating test or connection to an existing
system the nmediumvoltage cable systemshall be given a high potential test.
Direct-current voltage shall be applied on each phase conductor of the system by
connecting conductors as one term nal and connecting grounds or netallic

shi el dings or sheaths of the cable as the other terminal for each test. Prior to
maki ng the test, the cables shall be isolated by opening applicable protective
devi ces and di sconnecting equi pment. The test shall be conducted with al

splices, connectors, and term nations in place. The nmethod, voltage, |ength of
time, and other characteristics of the test for initial installation shall be in
accordance with NEMA WC 7 or NEMA WC 8 for the particular type of cable
installed, except that 28 kV and 35 kV insulation test voltages shall be in
accordance with either AEIC CS5 or AEIC CS6 as applicable, and shall not exceed
the recomendati ons of | EEE Std 404 for cable joints and | EEE Std 48 for cable
term nations unless the cable and accessory manufacturers indicate higher

vol tages are acceptable for testing. Should any cable fail due to a weakness of
conductor insulation or due to defects or injuries incidental to the installation
or because of inproper installation of cable, cable joints, term nations, or

ot her connections, the Contractor shall make necessary repairs or replace cables
as directed. Repaired or replaced cables shall be retested

3.11.5 Low Vol t age Cabl e Test
Low vol t age cable, conplete with splices, shall be tested for insulation
resistance after the cables are installed, in their final configuration, ready
for connection to the equi pnent, and prior to energization. The test voltage
shall be 500 volts dc, applied for one m nute between each conductor and ground
and between all possible conbinations conductors in the sane trench, duct, or
cable, with all other conductors in the sane trench, duct, or conduit. The
m ni mum val ue of insulation shall be:

R in megohnms = (rated voltage in kV + 1) x 304,800/ (length of cable in neters)

Each cable failing this test shall be repaired or replaced. The repaired cable
shall be retested until failures have been elin nated

3.11.6 Liquid-Filled Transfornmer Tests
The following field tests shall be performed on all liquid-filled transfornmers.
Pass-fail criteria shall be in accordance with transformer manufacturer's
speci fications.
a. Insulation resistance test phase-to-ground.
b. Turns ratio test.

c. Correct phase sequence

d. Correct operation of tap changer.

3.11.7 Dry-Type Transforner Tests
The following field tests shall be performed on all dry-type transforners.

Pass-fail criteria shall be in accordance with the transfornmer manufacturer's
speci fications.
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a. Insulation resistance test phase-to-ground.

b. Turns ratio test.

3.11.8 Circuit Breaker Tests

The following field tests shall be performed on circuit breakers. Pass-fai
criteria shall be in accordance with the circuit breaker manufacturer's
speci fications.

a. Insulation resistance test phase-to-phase.
b. Insulation resistance test phase-to-ground.
c. O osed breaker contact resistance test.
d. Power factor test.
e. High-potential test.
f. Manual operation of the breaker

3.11.9 Pre- Energi zati on Services

Calibration, testing, adjustnent, and placing into service of the installation
shal | be acconplished by a manufacturer's product field service engi neer or

i ndependent testing conpany with a mnimum of 2 years of current product
experience. The follow ng services shall be perforned on the equipnment |isted
bel ow. These services shall be performed subsequent to testing but prior to the
initial energization. The equiprment shall be inspected to ensure that
installation is in conpliance with the recommendati ons of the manufacturer and as
shown on the detail drawi ngs. Term nations of conductors at major equi prent

shall be inspected to ensure the adequacy of connections. Bare and insul ated
conductors between such termnations shall be inspected to detect possible damage
during installation. |If factory tests were not perforned on conpl eted
assenblies, tests shall be performed after the installation of conpleted
assenblies. Conponents shall be inspected for damage caused during installation
or shipment to ensure packaging naterials have been renoved. Conponents capabl e
of being both manually and electrically operated shall be operated manual ly prior
to the first electrical operation. Conponents capable of being calibrated

adj usted, and tested shall be calibrated, adjusted, and tested in accordance with
the instructions of the equipnment manufacturer. |Itens for which such services
shal | be provided, but are not limted to, are the foll ow ng:

b. Pad-munted transfornmners
d. Switchboards
3.11.10 Qperating Tests
After the installation is conpleted, and at such times as the Contracting Oficer
may direct, the Contractor shall conduct operating tests for approval. The
equi pnent shall be denonstrated to operate in accordance with the requirenents
herein. An operating test report shall be submtted in accordance w th paragraph
SUBM TTALS.
3.12 MANUFACTURER S FI ELD SERVI CE
3.12.1 Onsite Training

The Contractor shall conduct a training course for the operating staff as
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designated by the Contracting Oficer. The training period shall consist of a
total of 8 hours of normal working time and shall start after the systemis
functionally conpleted but prior to final acceptance tests. The course
instruction shall cover pertinent points involved in operating, starting,

st oppi ng, and servicing the equipment, as well as all nmajor elements of the
operation and mai ntenance nmanuals. Additionally, the course instructions shal
denonstrate all routine nmaintenance operations. A CD format video tape of the
entire training session shall be submtted

.12.2 Installati on Engi neer

After delivery of the equipnent, the Contractor shall furnish one or nore field
engi neers, regularly enployed by the equi prent nmanufacturer to supervise the
installation of the equi pnent, assist in the performance of the onsite tests,
initial operation, and instruct personnel as to the operational and mai nt enance
features of the equipnent.

.13  ACCEPTANCE

Fi nal acceptance of the facility will not be given until the Contractor has
successfully conpleted all tests and after all defects in installation, materia
or operation have been corrected

-- End of Section --
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SECTI ON 16415A

ELECTRI CAL WORK, | NTERI OR
06/ 02

PART 1  GENERAL

1.

1  REFERENCES

The publications |isted below forma part of this specification to the extent
referenced. The publications are referred to in the text by basic designation
only.

AVERI CAN NATI ONAL STANDARDS | NSTI TUTE ( ANSI)

ANSI Cl12.1 (1995) Code for Electricity Metering
ANSI Cl12.10 (1997) El ectronechani cal Watthour Meters
ANSI Cl12.11 (1987; R 1993) Instrunent Transforners for

Revenue Metering, 10 kV BIL through 350 kV BIL
(0.6 kV NSV through 69 kV NSV

ANSI Cl12.4 (1984; R 1996) Mechani cal Demand Regi sters

ANSI C135. 30 (1988) Zinc-Coated Ferrous Gound Rods for
Over head or Underground Line Construction

ANSI C37. 16 (2000) Low Vol tage Power G rcuit Breakers and AC
Power Circuit Protectors - Preferred Ratings,
Rel at ed Requi renents, and Application
Recomrendat i ons

ANSI C39.1 (1981; R 1992) Requirenents for Electrical
Anal og I ndicating Instrunents

ANSI C57.12.10 (1988) Safety Requirenents for Transformers 230
kV and Bel ow 833/ 958 Through 8333/ 10417 kVA,
Si ngl e- Phase, and 750/862 Through 60 000/80 000/
100 000 kVA, Three-Phase Wthout Load Tap
Char gi ng; and 3750/ 4687 Through 60 000/ 80
000/ 100/ 000 kVA Wth Load Tap Charging

ANSI C57.12.13 (1982) Conformance Requirements for
Liquid-Filled Transfornmers Used in Unit
Installations, Including Unit Substations

ANSI C57.12. 27 (1982) Conformance Requirements for
Liquid-Filled Distribution Transfornmers Used in
Pad- Mounted Installations, Including Unit
Subst ati ons

ANSI C57.12.50 (1981; R 1989) Ventilated Dry-Type Distribution
Transforners 1 to 500 kVA, Single-Phase; and 15
to 500 kVA, Three-Phase with Hi gh-Voltage 601 to
34 500 Volts, Low Voltage 120 to 600 Volts

ANSI C57.12.51 (1981; R 1989) Ventilated Dry-Type Power

Transforners, 501 kVA and Larger, Three-Phase,
with Hi gh-Voltage 601 to 34 500 Volts,

16415A-1



W012DQ- 04- B- 0004- 0001

Low Vol t age 208Y/ 120 to 4160 Volts

ANS| C57.12.52 (1981; R 1989) Seal ed Dry-Type Power
Transforners, 501 kVA and Larger, Three-Phase
with Hi gh-Voltage 601 to 34 500 Volts,

Low Vol t age 208Y/ 120 to 4160 Volts

ANSI C57.12.70 (1978; R 1993) Term nal Marki ngs and Connecti ons
for Distribution and Power Transforners

ANSI Cr78.1 (1991; Cr78.1a; R 1996) Fluorescent Lanps -
Rapi d- Start Types - Dinensional and El ectri cal
Characteristics

ANSI C78. 1350 (1990) Electric Lanps - 400-Watt, 100-Volt, S51
Si ngl e- Ended Hi gh- Pressure Sodi um Lanps

ANSI C78. 1351 (1989) Electric Lanps - 250-Watt, 100-Volt S50
Si ngl e- Ended Hi gh-Pressure Sodi um Lanps

ANS| C78. 1352 (1990) Electric Lanps - 1000-Watt, 250-Volt, Sb2
Si ngl e- Ended Hi gh-Pressure Sodi um Lanps

ANSI C78. 1355 (1989) Electric Lanps - 150-Watt, 55-Volt Sb55
H gh- Pressure Sodi um Lanps

ANSI C78. 1375 (1996) 400-watt, M9 Singl e-Ended Metal -Halide
Lanps

ANSI C78. 1376 (1996) 1000-watt, MA7 Metal - Hal i de Lanps

ANSI C78. 20 (1995) Electric Lanps - Characteristics of

I ncandescent Lanps A, G PS, and Simlar Shapes
with E26 Medi um Screw Bases

ANSI C78. 21 (1995) Physical and El ectrical Characteristics -
I ncandescent Lanps - PAR and R Shapes

ANSI C78. 2A (1991) 18 & 26- Watt, Conpact Fluorescent Quad
Tube Lanps **

ANSI C78. 2B (1992) 9 & 13-Watt, Conpact Fluorescent Quad
Tube Lanps **

ANSI C80.5 (1995) Rigid Al um num Condui t

ANS|I C82.1 (1997) Specifications for Fluorescent Lanp

Bal | asts \ $18. 00$\ F\ X Addenda D & E

ANS|I C82.4 (1992) Ballasts for High-Intensity-D scharge and
Low Pressure Sodi um Lanps (Ml tipl e-Supply Type)

AMERI CAN SCCI ETY FOR TESTI NG AND MATERI ALS (ASTM
ASTM B 1 (1995) Hard-Drawn Copper Wre

ASTM B 8 (1999) Concentric-Lay-Stranded Copper
Conduct ors, Hard, Medium Hard, or Soft

ASTM D 4059 (1996) Anal ysis of Pol ychlorinated Bi phenyls in
I nsul ating Liquids by Gas Chronat ography

ASTM D 709 (2000) Lam nated Thernosetting Materials
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| NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENG NEERS (| EEE)

c2

C37.

C37.

C57.

C57.

C57.

C57.

C57.

C57.

C62.

Std

Std

Std

13

20.1

100

12. 00

12. 80

12. 90

13

98

41

242

399

81

(1997) National Electrical Safety Code

(1990; R 1995) Low Vol tage AC Power Circuit
Breakers Used in Encl osures

(1993) Metal - Encl osed Low Vol t age Power
Circuit-Breaker Sw tchgear

(1999) Test Procedure for Thermal Eval uation of
O l-Imersed Distribution Transforners \$avail
only as part of Distribution, Power, and

Regul ating Transforners Stds Col |l ection

(1993) Standard Ceneral Requirenents for
Li qui d-I nmrersed Distribution, Power, and
Regul ati ng Transforners

(1996) Term nol ogy for Power and Distribution
Transformers \$avail only as part of

Di stribution, Power, and Regul ati ng Transf or ner
Stds Collection

1999) Test Code for Liquid-Imersed

Di stribution, Power, and Regul ating Transforners
and CQuide for Short-Grcuit Testing of

Di stribution and Power Transforners \$avail only
as part of Distribution, Power, and Regul ating
Transformers Stds Col | ection

(1993) Instrument Transforners

(1993) @uide for Transforner |nmpulse Tests
\$avail only as part of Distribution, Power, and
Regul ating Transforners Stds Col |l ection

(1991; R 1995) Surge Voltages in Low Voltage AC
Power Circuits

(1986; R 1991) Recommended Practice for
Protection and Coordi nati on of Industrial and
Conmer ci al Power Systens

(1997) Recommended Practice for Industrial and
Conmerci al Power Systens Anal ysis

(1983) CGuide for Measuring Earth Resistivity,
Ground | mpedance, and Earth Surface Potentials
of a Gound System (Part 1) \$31.00%\F

NATI ONAL ELECTRI CAL NMANUFACTURERS ASSCCI ATI ON ( NEMA)

250

AB 1

BU 1

FU 1

(1997) Encl osures for Electrical Equipnment (1000
Vol ts Maxi mum)

(1993) Mol ded Case Circuit Breakers and Ml ded
Case Switches

(1994) Busways

(1986) Low Vol tage Cartridge Fuses
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101

70

4
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13

1
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(1993) Industrial Control and Systens

(1993) Industrial Controls and Systens
Controllers, Contactors, and Overload Rel ays
Rat ed Not More Than 2,000 Volts AC or 750 Volts
DC

(1993) Industrial Control and Systens Factory
Built Assenblies

(1993) Industrial Control and Systens, Enclosures
(1987) Recessed Luminaires, Ceiling Compatibility
(1998) Mdtors and Cenerators

(1994) Energy Managenent Cuide for Selection and
Use of Pol yphase Motors

(1996) Sheet-Steel Qutlet Boxes, Device Boxes,
Covers, and Box Supports

(1998) Nonnetallic Qutlet Boxes, Device Boxes,
Covers and Box Supports

(1995) Panel boards

(1995) Deadfront Distribution Sw tchboards
(1996) Utility Type Battery Chargers
(1998) Pol yvinyl-Chloride (PVC) Externally
Coat ed Gal vani zed Rigid Steel Conduit and
I nternediate Metal Conduit

(1995) Power Switching Equi prent

(1992) Dry-Type Transformers for General
Appl i cations

(1993) Electrical Nonnetallic Tubing (ENT)

(1998) Electrical Polyvinyl Chloride (PVQ
Tubi ng (EPT) and Conduit (EPC-40 and EPC-80)

(2002) Guide for Determ ning Energy Efficiency
for Distribution Transforners

(1996) Metal Cable Tray Systens
(1999) General Requirenents for Wring Devices

(1997) Wring Devices - Dinensional Requirenents

NATI ONAL FI RE PROTECTI ON ASSCCI ATI ON ( NFPA)

(2000) Life Safety Code

(2002) National Electrical Code

U S. NATI ONAL ARCHI VES AND RECORDS ADM NI STRATI ON ( NARA)
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CFR 18 Industrial, Scientific, and Medical Equi pnent
UNDERWRI TERS LABORATORI ES (UL)

1 (2000) Flexible Metal Conduit

1004 (1994; Rev thru Nov 1999) Electric Mtors

1010 (1995; Rev thru Mar 1999) Receptical - Pl ug
Conbi nations for Use in Hazardous (d assified)
Locati ons

1022 (1998) Line Isolation Mnitors

1029 (1994; Rev thru Dec 1997)
H gh-1ntensity-D scharge Lanp Bal |l asts

1047 (1995; Rev Jul 1998) Isol ated Power Systens
Equi pnment

1236 (1994; Rev thru Mar 1999) Battery Chargers for
Chargi ng Engine-Starter Batteries

1242 (1996; Rev Mar 1998) Internmediate Metal Conduit

1449 (1996; Rev thru Dec 1999) Transi ent Voltage
Surge Suppressors

1564 (1993; R Sep 1998) Industrial Battery Chargers

1569 (1999; Rev thru Jan 2000) Metal -d ad Cabl es

1570 (1995; Rev thru Nov 1999) Fluorescent Lighting
Fi xtures

1571 (1995; Rev thru Nov 1999) Incandescent Lighting
Fi xtures

1572 (1995; Rev thru Nov 1999) High Intensity
Di scharge Lighting Fixtures

1660 (2000) Liquid-Tight Flexible Nonnetallic Conduit

198B (1995) d ass H Fuses

198C (1986; Rev thru Feb 1998)
H gh-Interrupting- Capacity Fuses,
Current-Limting Types

198D (1995) d ass K Fuses

198E (1988; Rev Jul 1988) d ass R Fuses

198G (1988; Rev May 1988) Fuses for Suppl enentary
Overcurrent Protection

198H (1988; Rev thru Nov 1993) C ass T Fuses

198L (1995; Rev May 1995) D-C Fuses for Industrial Use

20 (1995; Rev thru Cct 1998) General -Use Snap

Swi t ches
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467
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4868
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489
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50
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512
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542

651

651A
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(1996; Rev thru Cct 1997) Liquid-Tight Flexible
St eel Conduit

(1996) Arnored Cabl e
(1999) Thernoset-Insul ated Wres and Cabl es

(1993; Rev thru Apr 1999) G oundi ng and Bondi ng
Equi pment

(1997; Rev thru Dec 1998) Wre Connectors and
Sol dering Lugs for Use with Copper Conductors

(1997; Rev Jun 1997) Wre Connectors for Use
with Al um num Conduct ors

(1997; Rev thru Aug 1998) Splicing Wre
Connectors

(1994; Rev thru Feb 1997) Equi pment Wring
Terminals for Use with Al um num and/ or Copper
Conduct ors

(1996; Rev thru Dec 1998) Ml ded-Case Circuit
Breakers, Ml ded-Case Switches, and
Circuit-Breaker Encl osures

(1996; Rev thru Jan 1999) Attachnent Plugs and
Recept acl es

(1996) Surface Metal Raceways and Fittings

(1995; Rev thru Nov 1999) Encl osures for
El ectrical Equi pment

(1994; R Cct 1997) Specialty Transforners
(1999) Industrial Control Equipnent

(1994; Rev thru Apr 1998) Pol yvinyl Chloride,
Pol yet hyl ene, and Rubber I|nsul ating Tape

(1993; Rev thru Mar 1999) Fusehol ders
(1996; Rev Dec 1999) Metallic Qutlet Boxes

(1997; Rev Cct 1998) Fittings for Cable and
Condui t

(1996; Rev thru Dec 1999) Nonnetallic Qutlet
Boxes, Fl ush-Device Boxes, and Covers

(1999) Lanphol ders, Starters, and Starter Hol ders
for Fluorescent Lanps

(1997) Rigid Metal Conduit

(1995; Rev thru Cct 1998) Schedul e 40 and 80
Ri gi d PVC Condui t

(1995; Rev thru Apr 1998) Type EB and A Rigid
PVC Conduit and HDPE Condui t
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1

67

674

698

719

797

817
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935

943
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(1993; Rev thru Cct 1999) Panel boards

(1994; Rev thru Cct 1998) Electric Mtors and
Cenerators for Use in Division 1 Hazardous
(A assified) Locations

(1995; Rev thru Mar 1999) Industrial Contro

Equi pment for Use in Hazardous (d assified)
Locati ons

(1996; Rev Jul 1999) Nonnetal lic-Sheat hed Cabl es

(1993; Rev thru Mar 1997) Electrical Mtallic
Tubi ng

(1994; Rev thru May 1999) Cord Sets and Power -

(1998; Rev thru Sep 1999)
Ther nopl astic-1nsul ated Wres and Cabl es

(1995; Rev thru Mar 1999) Electric Lighting

Fi xtures for Use in Hazardous (C assified)
Locati ons

(1995; Rev thru Nov 1999) Mdtor Control Centers
(1996; Rev Cct 1999) Service-Entrance Cabl es

(1994; Rev thru Dec 1999) Busways and Associ at ed
Fittings

(1998) Reference Standard for Service Equi pnent

(1993; Rev thru Nov 1999) Circuit Breakers and
Circuit-Breaker Enclosures for Use in Hazardous
(A assified) Locations

(1994; Rev thru Apr 1999) CQutlet Boxes and
Fittings for Use in Hazardous (C assified)

Locati ons

(1994; Rev thru Jan 1995) Dead- Front Sw tchboards
(1998) Energy Managenent Equi prent

(1995; Rev thru Cct 97) Energency Lighting and
Power Equi pnent

(1995; Rev thru Cct 1998) Fl uorescent-Lanp
Bal | asts

(1993; Rev thru May 1998) G ound- Faul t
Circuit-Interrupters

(1994; Rev thru Jun 1998) Encl osed and
Dead- Front Switches

(1999) Electrical Construction Equi pnent Directory
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The installation shall conformto the requirements of NFPA 70 and NFPA 101
unl ess nore stringent requirenents are indicated or shown.

.2.2 Coor di nati on

The drawi ngs indicate the extent and the general |ocation and arrangenment of
equi pnent, conduit, and wiring. The Contractor shall becone famliar with al
details of the work and verify all dimensions in the field so that the outlets
and equi pnent shall be properly located and readily accessible. Lighting
fixtures, outlets, and other equi pnent and materials shall be carefully
coordinated with nechanical or structural features prior to installation and
positioned according to architectural reflected ceiling plans; otherw se,
lighting fixtures shall be symetrically |ocated according to the room

arrangenent when uniformillumnation is required, or asymetrically |ocated to
suit conditions fixed by design and shown. Raceways, junction and outlet boxes
and lighting fixtures shall not be supported fromsheet netal roof decks. [If any

conflicts occur necessitating departures fromthe draw ngs, details of and
reasons for departures shall be submtted and approved prior to inplenenting any
change. The Contractor shall coordinate the electrical requirements of the
mechani cal work and provide all power related circuits, wiring, hardware and
structural support, even if not shown on the draw ngs

.2.3 Speci al Environnents
.2.3.1 \Weat herproof Locations

Wring, Fixtures, and equi pnent in designated |ocations shall conformto NFPA 70
requirenents for installation in danp or wet |ocations.

.2.3.2 Hazar dous Locati ons

Wring and equi pnent in locations indicated shall be of the classes, groups
di visions, and suitable for the operating tenperature; as indicated.

.2.3.3 Ducts, Plenunms and Qther Air-Handling Spaces

Wring and equi pnent in ducts, plenuns and other air-handling spaces shall be
installed using materials and nmethods i n conformance with NFPA 70unl ess nore

stringent requirenents are indicated in this specification or on the contract
dr awi ngs.

.2.4 St andard Products

Mat eri al and equi pnent shall be a standard product of a manufacturer regularly
engaged in the manufacture of the product and shall essentially duplicate itens
that have been in satisfactory use for at least 2 years prior to bid opening.

.2.5 Narepl at es
.2.5.1 I dentification Namepl ates

Maj or items of electrical equi pment and maj or conponents shall be permanently
marked with an identification nane to identify the equi pment by type or function
and specific unit nunber as indicated. Designation of nmotors shall coincide with
their designation in the notor control center or panel. Unless otherw se
specified, identification naneplates shall be nade of |am nated plastic in
accordance with ASTM D 709 with black outer layers and a white core. Edges
shal | be chanfered. Plates shall be fastened w th bl ack-fini shed round-head
drive screws, except notors, or approved nonadhesive netal fasteners. Wen the
nanepl ate is to be installed on an irregul ar-shaped object, the Contractor shal
devi se an approved support suitable for the application and ensure the proper
installation of the supports and nanmeplates. |In all instances, the naneplate
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shall be installed in a conspicuous location. At the option of the Contractor,

t he equi pnent manufacturer's standard enbossed naneplate material w th bl ack
paint-filled letters may be furnished in lieu of |Iam nated plastic. The front of
each panel board, notor control center, sw tchgear, and sw tchboard shall have a
nanepl ate to indicate the phase letter, corresponding col or and arrangenment of

t he phase conductors. The follow ng equi pnent, as a mninum shall be provided
with identification nanmepl ates:

M ni mum 6.4 mm M nimum 3.2 mm
H gh Letters H gh Letters
Panel boar ds Control Power Transforners
Starters Control Devices
Safety Sw tches I nstrument Transforners

Mot or Control Centers
Transforners

Equi pnent Encl osures
Swi t chgear

Swi t chboar ds

Mot or s

Each panel, section, or unit in notor control centers, switchgear or simlar
assenbl i es shall be provided with a nameplate in addition to nanmeplates |isted
above, which shall be provided for individual conmpartrments in the respective
assenbly, including nameplates which identify "future," "spare,” and "dedicated"
or "equi pped spaces."

.2.5.2 Li quid-Filled Transforner Narepl ates

Power transformers shall be provided with Nameplate C information in accordance
with | EEE C57.12.00. Nameplates shall indicate percent inpedance, voltage, kVA,
frequency, nunber of phases, cooling class, insulation class, tenperature rise,
the nunmber of gallons and conmposition of liquid-dielectric, and shall be
permanently marked with a statenent that the transformer dielectric to be
supplied is non-polychlorinated bi phenyl. The Contractor shall furnish

manuf acturer's certification for each transfornmer that the dielectric is non-PCB
classified, with ess than 50 ppm PCB content in accordance w th paragraph LI QU D
DI ELECTRICS. Certifications shall be related to serial nunbers on transforner
nanepl ates. Transforner dielectric exceeding the 50 ppm PCB content or
transformers without certification will be considered as PCB insulated and wll
not be accept ed.

.2.6  As-Built Draw ngs

Fol l owi ng the project conpletion or turnover, within 30 days the Contractor shall
furnish 2 sets of as-built drawings to the Contracting O ficer.

.3 SUBM TTALS

Covernnent approval is required for subnmittals with a "G' designation; submttals
not having a "G' designation are for information only. Wen used, a designation
following the "G' designation identifies the office that will reviewthe
submttal for the Governnent. The follow ng shall be submitted in accordance
with Section 01330 SUBM TTAL PROCEDURES:

SD- 02 Shop Drawi ngs
Interior Electrical Equipnment; G RE
Detail draw ngs consisting of equipment drawi ngs, illustrations,
schedul es, instructions, diagranms, and other information necessary to

define the installation. Detail drawi ngs shall show the rating of itens
and systens and how t he conponents of an item and system are assenbl ed,
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function together, and how they will be installed on the project. Data
and draw ngs for conponent parts of an itemor systemshall be
coordinated and subnmitted as a unit. Data and draw ngs shall be
coordinated and included in a single subm ssion. Miltiple subm ssions
for the same equi pnment or system are not acceptabl e except where prior
approval has been obtained fromthe Contracting Oficer. In such cases,
alist of data to be submtted |ater shall be included with the first
subm ssion. Detail draw ngs shall show physical arrangenent,
construction details, connections, finishes, materials used in
fabrication, provisions for conduit or busway entrance, access

requi renents for installation and mai ntenance, physical size, electrica
characteristics, foundation and support details, and equi pnent weight.
Drawi ngs shall be drawn to scal e and/or dinmensioned. Optional itens
shall be clearly identified as included or excluded. Detail draw ngs
shall as a m ni mum i ncl ude

a. Transforners.

b. Switchgear.

d. Voltage regul ators

e. Gounding resistors.

f. Mtors and rotating nachinery.
g. Mdtor control centers.

h. Busway systens.

i. Single line electrical diagrans including primary, netering,
sensing and relaying, control wiring, and control |ogic

Structural drawi ngs showing the structural or physical features of
maj or equi pnent itens, conponents, assenblies, and structures, including
foundations or other types of supports for equipnment and conduct ors.
These drawi ngs shall include accurately scal ed or di nmensioned outline and
arrangement or |ayout drawi ngs to show the physical size of equiprent and
conponents and the rel ative arrangenent and physical connection of
rel ated conponents. Wights of equi pnent, conponents and assenblies
shal | be provided when required to verify the adequacy of design and
proposed construction of foundations or other types of supports. Dynamc
forces shall be stated for sw tching devices when such forces nust be
considered in the design of support structures. The appropriate detai
drawi ngs shall show the provisions for |eveling, anchoring, and
connecting all items during installation, and shall include any
recomrendat i ons nmade by the manufacturer.

El ectrical drawi ngs including single-line and three-line diagrans, and
schematics or elenentary di agrams of each electrical system interna
wiring and field connection diagrans of each electrical device when
publ i shed by the manufacturer; wring diagrans of cabinets, panels,
units, or separate mountings; interconnection diagrans that show the
Wi ring between separate conponents of assenblies; field connection
di agrans that show the term nation of wiring routed between separate
itens of equipnent; internal wiring diagrans of equi pment showi ng wiring
as actually provided for this project. Field wiring connections shall be
clearly identified

If departures fromthe contract drawi ngs are deened necessary by the
Contractor, conplete details of such departures, including changes in

16415A- 10



W012DQ- 04- B- 0004- 0001

related portions of the project and the reasons why, shall be submitted
with the detail drawi ngs. Approved departures shall be made at no
addi tional cost to the Governnent.

SD- 03 Product Data
Fault Current and Protective Device Coordination Study; G DF.

The study shall be submitted along with protective device equipnent
submttals. No time extensions or simlar contract nodifications will be
granted for work arising out of the requirenents for this study.

Approval of protective devices proposed shall be based on recommendati ons
of this study, The Governnent shall not be held responsible for any
changes to equi pnent, device ratings, settings, or additional |abor for
installation of equi pnent or devices ordered and/or procured prior to
approval of the study.

Manuf acturer's Catalog; G RE

Dat a conposed of catal og cuts, brochures, circulars, specifications,
product data, and printed information in sufficient detail and scope to
verify conpliance with the requirenents of the contract docunents.

Mat eri al , Equi pnent, and Fixture Lists; G RE

A conplete item zed listing of equipnment and materials proposed for

incorporation into the work. Each entry shall include an item nunber,
the quantity of itens proposed, and the nane of the manufacturer of each
item

Installation Procedures; G RE.

Installation procedures for rotating equi pment, transforners,
switchgear, battery systens, voltage regulators, and groundi ng resistors.
Procedures shall include diagranms, instructions, and precautions
required to install, adjust, calibrate, and test devices and equi prent.

As-Built Drawings; G RE

The as-built drawi ngs shall be a record of the construction as
installed. The drawings shall include all the information shown on the
contract draw ngs, deviations, nodifications, and changes fromthe
contract drawi ngs, however mnor. The as-built draw ngs shall be kept at
the job site and updated daily. The as-built draw ngs shall be a
full-sized set of prints marked to reflect all deviations, changes, and
nodi fications. The as-built draw ngs shall be conplete and show t he
| ocation, size, dinensions, part identification, and other information.
Addi tional sheets may be added. The as-built drawi ngs shall be jointly
i nspected for accuracy and conpl eteness by the Contractor's quality
control representative and by the Contracting Officer prior to the
subm ssi on of each nonthly pay estimate. Upon conpletion of the work,
the Contractor shall submt three full sized sets of the narked prints
to the Contracting Oficer for approval. |If upon review, the as-built
drawi ngs are found to contain errors and/or omissions, they will be
returned to the Contractor for correction. The Contractor shall correct
and return the as-built drawings to the Contracting Oficer for approval
within ten cal endar days fromthe time the drawings are returned to the
Contractor.

Onsite Tests; G RE

A detailed description of the Contractor's proposed procedures for
on-site tests.
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SD- 06 Test Reports
Factory Test Reports; G RE
Si x copies of the information described belowin binders having a
m nimumof 5 rings fromwhich material may readily be renoved and
repl aced, including a separate section for each test. Sections shall be
separated by heavy plastic dividers with tabs.
a. Alist of equipnment used, with calibration certifications.
b. A copy of neasurenents taken
c. The dates of testing.
d. The equi pnent and values to be verified
e. The conditions specified for the test.
f. The test results, signed and dated
g. A description of adjustnments nade.
Field Test Plan; G RE
A detailed description of the Contractor's proposed procedures for
onsite test submitted 30 days prior to testing the installed system No
field test will be performed until the test plan is approved. The test
pl an shall consist of conplete field test procedures including tests to
be performed, test equiprment required, and tolerance limts
Field Test Reports; G RE
Six copies of the information described belowin 216 x 280 mm binders
having a minimmof 5 rings fromwhich material nmay readily be renoved
and repl aced, including a separate section for each test. Sections shall
be separated by heavy plastic dividers with tabs.
a. Alist of equipnment used, with calibration certifications.
b. A copy of neasurenents taken
c. The dates of testing.
d. The equi pnent and values to be verified
e. The conditions specified for the test.
f. The test results, signed and dated
g. A description of adjustnments nade.
h. Final position of controls and device settings.
SD-07 Certificates
Material s and Equi pnent; G RE
The | abel or listing of the Underwiters Laboratories, Inc., will be
accepted as evidence that the materials or equi pment conformto the

appl i cabl e standards of that agency. |In lieu of this label or listing, a
statenent froma nationally recogni zed, adequately equipped testing
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agency indicating that the itenms have been tested in accordance with
requi red procedures and that the materials and equi pnent conply with all
contract requirenents will be accepted. However, nmaterials and equi pnent
installed in hazardous | ocations nust bear the UL | abel unless the data
submtted fromother testing agency is specifically approved in witing
by the Contracting Oficer. Itens which are required to be listed and

| abel ed in accordance with Underwiters Laboratories nust be affixed with
a UL |abel that states that it is UL listed. No exceptions or waivers
will be granted to this requirenent. Materials and equi pnent will be
approved based on the manufacturer's published data.

For other than equi pment and materials specified to conformto UL
publications, a manufacturer's statenent indicating conplete conpliance
with the applicable standard of the American Society for Testing and
Materials, National Electrical Munufacturers Associ ation, or other
conmerci al standard, is acceptable.

1.4 WORKMANSHI P

Materi al s and equi pnent shall be installed in accordance with NFPA 70,
recommendat i ons of the nmanufacturer, and as shown.

1.5 SElI SM C REQUI REMENTS

Seismc details shall conformto Sections 13080 SEI SM C PROTECTI ON FOR
M SCELLANEQUS EQUI PMENT and 16070A SEI SM C PROTECTI ON FOR ELECTRI CAL EQUI PVENT

PART 2 PRODUCTS

Products shall conformto the respective publications and other requirenents
specified below. Materials and equi pment not |isted bel ow shall be as specified
el sewhere in this section. Itens of the sane classification shall be identical

i ncl udi ng equi prent, assenblies, parts, and conponents.

2.1 CABLES AND W RES

Conductors No. 8 AWG and | arger dianeter shall be stranded. Conductors No. 10
AWG and snal | er dianeter shall be solid, except that conductors for renote
control, alarm and signal circuits, classes 1, 2, and 3, shall be stranded

unl ess specifically indicated otherwi se. Conductor sizes and anpacities shown
are based on copper, unless indicated otherwise. Al conductors shall be copper.

2.1.1 Equi prent Manuf act urer Requirenents
When nanufacturer's equi pnment requires copper conductors at the term nations or
requi res copper conductors to be provided between conponents of equipnent,
provi de copper conductors or splices, splice boxes, and other work required to
meet manufacturer's requirenents.

2.1.2 Al um num Conduct ors
Al um num conductors shall not be used.

2.1.3 I nsul ation
Unl ess indicated otherw se, or required by NFPA 70, power and lighting wires
shal | be 600-volt, Type THWN, THHN, or THWconformng to UL 83, except that
grounding wire may be type TWconfornmng to UL 83; renote-control and signal
circuits shall be Type TW THWor TF, conforming to UL 83. Were lighting
fixtures require 90-degree Centigrade (C) conductors, provide only conductors
with 90-degree C insulation or better.

2.1.4 Bondi ng Conductors
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ASTM B 1, solid bare copper wire for sizes No. 8 AWG and snal | er di aneter; ASTM B
8, Cass B, stranded bare copper wire for sizes No. 6 AW and | arger dianeter.

.1.5 Servi ce Entrance Cabl es

Service entrance (SE) and underground service entrance (USE) cables, UL 854.
.1.6  TEXT DELETED

TEXT DELETED.

1.7 TEXT DELETED

TEXT DELETED.

.1.8 TEXT DELETED

TEXT DELETED.

.1.9 TEXT DELETED

TEXT DELETED.

.1.10  TEXT DELETED

TEXT DELETED.

.1.11 Tray Cable or Power Limted Tray Cable

UL listed; Type TC or PLTC.

.1.12 Cord Sets and Power - Supply Cords

UL 817.

.2 CABLE TRAYS

Cabl e tray shall conformto NEMA VE 1, shall forma wireway system and shall be
as indicated in the drawings. Cable trays shall be constructed of zinc-coated
steel. Trays shall include splice and end plates, dropouts, and m scel | aneous
hardware. Edges, fittings, and hardware shall be finished free fromburrs and
sharp edges. Fittings shall have not less than the |oad-carrying ability of
straight tray sections and shall have manufacturer's m ni mum standard radi us.
Radi us of bends shall be 610 mm

.2.1 Trough

Trough-type cable trays shall be of a nominal 300 nm wi dth.

.2.2 Ladder

Ladder-type cable trays shall be of nominal 300 mm wi dth. Rung spacing shall be
on 230 mm nexi mum centers.

.2.3 Solid Bottom
Solid bottomtype cable trays shall be of a nominal 300 nm wi dth.
.3  TRANSI ENT VOLTAGE SURGE PROTECTI ON

Transi ent voltage surge suppressors shall be provided as indicated. Surge
suppressors shall neet the requirenments of | EEE C62.41 and be UL |isted and
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| abel ed as having been tested in accordance with UL 1449. Surge suppressor
ratings shall be 480 OR 208 as indicated volts rns, operating voltage; 60 Hz;
3-phase; 4 wire with ground; transient suppression voltage (peak |et-through
vol tage) of 400 volts for |EEE Category Cl, 470 volts for | EEE Category C3 and
150 volts for | EEE B3 waves. Fuses shall not be used as surge suppression.

.4  CIRCU T BREAKERS
4.1 MOLDED- CASE CI RCUI T BREAKERS

Mol ded-case circuit breakers shall conformto NEMA AB 1 and UL 489and UL 877for
circuit breakers and circuit breaker enclosures |located in hazardous (classified)
locations. Circuit breakers nay be installed in panel boards, sw tchboards,

encl osures, notor control centers, or conbination nmotor controllers

.4.1.1 Construction

Circuit breakers shall be suitable for nounting and operating in any position.
Lug shall be listed for copper conductors onlyin accordance with UL 486E
Single-pole circuit breakers shall be full nodule size with not nore than one
pol e per nmodule. Milti-pole circuit breakers shall be of the common-trip type
havi ng a single operating handl e such that an overload or short circuit on any
one pole will result in all poles opening sinultaneously. Sizes of 100 anperes
or |l ess may consi st of single-pole breakers pernanently factory assenbled into a
mul ti-pole unit having an internal, nechanical, nontanperable common-trip
nmechani sm and external handle ties. Al circuit breakers shall have a

qui ck- make, qui ck-break overcenter toggl e-type nechanism and the handl e

mechani smshall be trip-free to prevent hol ding the contacts cl osed agai nst a
short-circuit or sustained overload. Al circuit breaker handles shall assunme a
position between "ON' and "OFF" when tripped automatically. Al ratings shall be
clearly visible

.4.1.2 Rat i ngs

Vol tage ratings shall be not less than the applicable circuit voltage. The
interrupting rating of the circuit breakers shall be at |east equal to the
avai l abl e short-circuit current at the line termnals of the circuit breaker and
correspond to the UL listed integrated short-circuit current rating specified for
t he panel boards and sw tchboards. Ml ded-case circuit breakers shall have

nomi nal voltage ratings, nmaxi num continuous-current ratings, and maxi mum
short-circuit interrupting ratings in accordance with NEMA AB 1. Ratings shal

be coordinated with system X R rati o.

.4.1.3 Ther mal - Magnetic Trip El ements

Thermal magnetic circuit breakers shall be provided as shown. Automatic
operation shall be obtained by neans of thermal-nmagnetic tripping devices |ocated
in each pole providing inverse tine delay and instantaneous circuit protection.
The i nstantaneous magnetic trip shall be adjustable and accessible fromthe front
of all circuit breakers on franme sizes above 150 anperes.

.4.2 Solid-State Trip Elements

Solid-state circuit breakers shall be provided as shown. All electronics shall
be self-contained and require no external relaying, power supply, or accessories.
Printed circuit cards shall be treated to resist noisture absorption, fungus
growt h, and signal |eakage. Al electronics shall be housed in an enclosure
whi ch provi des protection against arcs, magnetic interference, dust, and other
contam nants. Solid-state sensing shall neasure true RVS current with error |ess
than one percent on systens with distortions through the 13th harmonic. Peak or
average actuating devices are not acceptable. Current sensors shall be torodia
construction, encased in a plastic housing filled with epoxy to protect against
danmage and noisture and shall be integrally nmounted on the breaker. Were
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i ndicated on the drawings, circuit breaker frames shall be rated for 100 percent
continuous duty. Circuit breakers shall have tripping features as shown on the
drawi ngs and as descri bed bel ow.

a. Long-tinme current pick-up, adjustable from50 percent to 100 percent of
continuous current rating.

b. Adjustable long-tine del ay.

c. Short-time current pick-up, adjustable from1.5 to 9 tinmes |long-tine
current setting

d. Adjustable short-tinme del ay.

e. Short-tinme | square tinmes t swtch.

f. Instantaneous current pick-up, adjustable from1.5 to 9 tinmes long-tine

current setting

j. Overload and short-tine trip indicators shall be provided
.4.3 Current-Limting Grcuit Breakers
Current-limting circuit breakers shall be provided as shown. Current-linmting
circuit breakers shall limt the let-through | square tines t to a value |ess
than the | square tinmes t of one-half cycle of the symmetrical short-circuit
current waveform On fault currents below the threshold of limtation, breakers
shal | provide conventional overload and short-circuit protection.
Integrally-fused circuit breakers shall not be used.

.4.4 SW Circuit Breakers

Circuit breakers rated 15 anperes and intended to switch 277 volts or |ess
fluorescent lighting | oads shall be marked "SWD."

.4.5 HACR Circuit Breakers

Circuit breakers 60 anperes or bel ow, 240 volts, 1-pole or 2-pole, intended to
protect multi-notor and conbi nation-load installations involved in heating, air
conditioning, and refrigerating equi pnment shall be nmarked "Listed HACR Type."
.4.6 Gound Fault Grcuit Interrupters

UL 943. Breakers equipped with ground fault circuit interrupters shall have
ground fault class, interrupting capacity, and voltage and current ratings as
i ndi cat ed.

.5 CONDU T AND TUBI NG

.5.1 El ectrical, Zinc-Coated Steel Metallic Tubing (EM)

uL 797

.5.2 El ectrical Nonnetallic Tubing (ENT)

NEVA TC 13.

.5.3 El ectrical Plastic Tubing and Conduit

NEMA TC 2.

.5.4 Fl exi bl e Conduit, Steel and Pl astic
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Ceneral - purpose type, UL 1; liquid tight, UL 360, and UL 1660.

.5.5 I nternmedi ate Metal Conduit

UL 1242.

.5.6 PVC Coated Rigid Steel Conduit

NEMA RN 1.

.5.7 Ri gid Al um num Condui t

ANSI C80.5 and UL 6.

.5.8 Ri gid Metal Conduit

UL 6.

.5.9 Rigid Plastic Conduit

NEMA TC 2, UL 651 and UL 651A.

.5.10 Surface Metal Electrical Raceways and Fittings
UL 5.

.6 CONDU T AND DEVI CE BOXES AND FI TTI NGS
.6.1 Boxes, Metallic Qutlet

NEMA OS 1 and UL 514A

W012DQ- 04- B- 0004- 0001

.6.2 Boxes, Nonnetallic, Qutlet and Fl ush-Devi ce Boxes and Covers

NEMA OS 2 and UL 514C.

.6.3 Boxes, Qutlet for Use in Hazardous (d assified) Locations

UL 886.

.6.4 Boxes, Switch (Encl osed), Surface-Munted
UL 98.

.6.5 Fittings for Conduit and Qutlet Boxes

UL 514B.

.6.6 Fittings For Use in Hazardous (O assified) Locations

UL 886.

.6.7 Fittings, PVC, for Use with Rigid PVC Conduit and Tubi ng

UL 514B.
.7  CONDUI T COATI NGS PLASTI C RESI N SYSTEM
NEMA RN 1, Type A-40.

.8  CONNECTORS, W RE PRESSURE
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.8.1 For Use Wth Copper Conductors

UL 486A.

.9 ELECTRI CAL GROUNDI NG AND BONDI NG EQUI PMENT

UL 467.

.9.1 G ound Rods

G ound rods shall be of copper-clad steel conformng to UL 467 zinc-coated steel
conformng to ANSI C135.30 solid stainless steel not less than 19.1 mm in
diameter by 3.1 neter in length of the sectional type driven full length into
the earth.

.9.2 G ound Bus

The ground bus shall be bare conductor or flat copper in one piece, if
practi cabl e.

.10 ENCLOSURES

NEMA | CS 6 or NEMA 250unl ess ot herw se specified.

.10.1 Cabi nets and Boxes

Cabi nets and boxes with volune greater than 0.0164 cubic nmeters shall be in
accordance with UL 50, hot-dip, zinc-coated, if sheet steel.

.10.2 Circuit Breaker Encl osures

UL 489.

11 LI GHTI NG FI XTURES, LAMPS, BALLASTS, EMERGENCY EQUI PMENT, CONTROLS AND

ACCESSORI ES

The follow ng specifications are supported and suppl enented by informati on and
details on the drawings. Additional fixtures, if shown, shall conformto this
specification. Lighting equipnent installed in classified hazardous | ocations
shall conformto UL 844. Lanps, |anpholders, ballasts, transformers, electronic
circuitry and other |ighting system conponents shall be constructed according to
i ndustry standards. Equi pment shall be tested and |isted by a recogni zed

i ndependent testing |laboratory for the expected installation conditions.

Equi pment shall conformto the standards |isted bel ow

.11.1 Lanps

Lanps shall be constructed to operate in the specified fixture, and shall
function without derating life or output as listed in published data. Lanps
shall neet the requirenments of the Energy Policy Act of 1992.

b. Fluorescent |anps shall have color tenperature of 3,500. They shall be
designed to operate with the ballasts and circuitry of the fixtures in
which they will be used. Fluorescent |anps, including spares, shall be
manuf act ured by one manufacturer to provide for color and performance
consi stency. Fluorescent |anps shall conply with ANSI C78. 1.

Fl uorescent tube |lanp efficiencies shall neet or exceed the follow ng
requi renents.

T8, 32 watts (4" | anp) 2800 | unens
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T12, 34 watts (4" 1anp) 2800 | unmens
T8,59 watts (8" lanp) 5700 | unmens
T12,60 watts (8" Ianp) 5600 | unens

(1) Linear fluorescent |anps, unless otherw se indicated, shall be 1219
mm long 32 watt T8, 265 mA, with mnimum CRI of 75. Lanps of other

| engths or types shall be used only where specified or shown. Lanps
shal |l deliver rated |ife when operated on rapid start ball asts.

c. Hghintensity discharge |anps, including spares, shall be manufactured
by one manufacturer in order to provide color and performance
consistency. H gh intensity discharge | anps shall be designed to operate
with the ballasts and circuitry of the fixtures in which they will be
used and shall have wattage, shape and base as shown. High intensity
di scharge | anps, unl ess ot herwi se shown, shall have medi um or nogul
screw base and mininmumstarting tenperature of -29 degrees C. Mta
hal i de | anps, unl ess ot herwi se shown, shall have m nimum CRI of 65
color tenperature of 4,300 degrees Kelvin; shall be -BU configuration if
used in base-up position; and shall be -H or high output configuration
if used in horizontal position. Lanps shall conply with all applicable
ANS|I C78.1350, ANSI C78.1351, ANSI Cr78.1352, ANSI Cr78.1355, ANSI C78. 1375,
and ANSI C78. 1376.

2.11.2 Bal | asts and Transforners

Bal | asts or transformers shall be designed to operate the designated | anps within
their optinmum specifications, without derating the lanps. Lanp and ball ast
conbi nations shall be certified as acceptable by the | anp manufacturer.

b. Fluorescent ballasts shall conply with ANSI C82.1 and shall be nounted
integrally within fluorescent fixture housing unl ess ot herw se shown.
Bal | asts shall have maxi mum current crest factor of 1.7; high power
factor; dass A sound rating; maxi num operating case tenperature of 25
degrees C above anbient; and shall be rated dass P. Unless otherw se
i ndi cated, the m ni mum nunber of ballasts shall be used to serve each
i ndividual fixture. A single ballast may be used to serve nultiple
fixtures if they are continuously nounted, identically controlled and
factory manufactured for that installation with an integral wireway.

(2) Eectronic fluorescent ballasts shall conply with 47 CFR 18 for

el ectromagnetic interference. Ballasts shall withstand line transients
per | EEE C62.41, Category A Ballasts shall have total harnonic

distortion between 10 and 20% mi ni num frequency of 20, 000Hz; filanent

vol tage between 2.5 and 4.5 volts; maximumstarting i nrush current of 20

anperes; and shall conply with the mninum Ball ast Efficacy Factors shown
inthe table below Mninumstarting tenperature shall be 10 degrees C .
Bal | asts shall carry a manufacturer's full warranty of three years

i ncluding a mni mum $10 | abor al |l owance per ball ast.

ELECTRONI C FLUORESCENT BALLAST EFFI CACY FACTCRS

LAWVP TYPE OF NOM NAL NUMBER M NI MUM
TYPE STARTER OPERATI ONAL OF BALLAST
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ELECTRONI C FLUORESCENT BALLAST EFFI CACY FACTCRS

& LAWP VOLTAGE LAMPS EFFI CACY
FACTOR
32W T8 rapid 120 or 277 V 1 2.54
start 2 1.44
linear & 3 0.93
Ut ubes 4 0.73
34WT12 rapid 120 or 277 V 1 2.64
start 2 1.41
li near & 3 0.93
Ut ubes
59W T8 rapid 120 or 277 V 2 0. 80
start
i near
60W T12 rapid 120 or 277 V 2 0. 80
start
i near

2.11.3 Fi xt ures

Fi xtures shall be in accordance with the size, shape, appearance, finish, and
per formance shown. Unless otherwi se indicated, lighting fixtures shall be
provi ded with housings, junction boxes, wiring, |anmpholders, nounting supports,
trim hardware and accessories for a conplete and operable installation.
Recessed housi ngs shall be m ni mum 20 gauge cold rolled or gal vani zed steel as
shown. Extruded al um num fixtures shall have m ninumwall thickness of 3 nm.
Pl astic | enses shall be 100%virgin acrylic or as shown. @ ass |enses shall be
tenmpered. Heat resistant glass shall be borosilicate type. Conoi d recessed
refl ector cones shall be Alzak with clear specular lowiridescent finish.

a. Incandescent fixtures shall conmply with UL 1571. Incandescent fixture
specul ar reflector cone trims shall be integral to the cone and shall be
finished to match. Painted trimfinishes shall be white with m ninmm
refl ectance of 88% Low voltage incandescent fixtures shall have
i ntegral step-down transforners.

b. Fluorescent fixtures shall conply with UL 1570. Recessed ceiling
fixtures shall conply with NEMA LE 4. Fixtures shall be plainly marked
for proper lanmp and ballast type to identify |lanmp dianeter, wattage,
color and start type. Marking shall be readily visible to service
personnel, but not visible fromnormal view ng angles. Fluorescent
fixture lens frames on recessed and surface nmounted troffers shall be one
assenbly with mtered corners. Parabolic |ouvers shall have a | ow
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i ridescent finish and 45 degree cut-off. Louver intersection joints
shall be hairline type and shall conceal nounting tabs or other assenbly
nmet hods. Louvers shall be free from bl em shes, lines or defects which
distort the visual surface. Integral ballast and wi reway conpartnents
shall be easily accessible without the use of special tools. Housings
shall be constructed to include grounding necessary to start the | anps.
Open fixtures shall be equipped with a sleeve, wire guard, or other
positive nmeans to prevent lanps fromfalling. Medium bi-pin |anpholders
shall be twist-in type with positive |ocking position. Long conpact
fluorescent fixtures and fixtures utilizing U-bend | anps shall have

cl amps or secondary | anphol ders to support the free ends of the |anps.

d. Energency lighting fixtures and accessories shall be constructed and
i ndependently tested to neet the requirenents of applicable codes
Batteries shall be Nicad or equal with no required maintenance, and
shall have a mininumlife expectancy of five years and warranty period
of three years.

e. Exit Signs

Exit signs shall be ENERGY STAR conpliant, thereby neeting the follow ng

requi renents. |Input power shall be less than 5 watts per face. Letter size and
spaci ng shall adhere to NFPA 101. Lum nance contrast shall be greater than 0.8
Average | um nance shall be greater than 15 cd/ n? measured at nor nal (0 degree)

and 45 degree viewi ng angles. M ninum|lum nance shall be greater than 8.6 cd/ n?
measured at normal and 45 degree view ng angles. Maximumto mni mum | uni nance
shall be |l ess than 20:1 neasured at normal and 45 degree view ng angles. The
manuf acturer warranty for defective parts shall be at |least 5 years. Exit signs
shall flash when a general evacuation alarmis initiated by the fire alarm system

.11.4 Lanphol ders, Starters, and Starter Hol ders

UL 542

.11.5 U trasonic, and Passive Infrared Cccupancy Sensors

UL 916

.12 | NSTRUMENTS, ELECTRI CAL | NDI CATI NG

ANSI C39. 1.

.13 MOTORS, AC, FRACTI ONAL AND | NTEGRAL

Motors, ac, fractional and integral kilowatt, 373.0 kW and smaller shal
conformto NEMA MG 1 and UL 1004for notors; NEMA MG 10 for energy nanagenent
sel ection of polyphase notors; and UL 674 for use of notors in hazardous
(classified) locations. In addition to the standards |isted above, nptors shal
be provided with efficiencies as specified in the table "M N MUM NOM NAL
EFFI Cl ENCI ES" bel ow.

.13.1 Rati ng

The kilowatt rating of motors should be limted to no nore than 125 percent of
the maxi mum | oad bei ng served unl ess a NEMA standard size does not fall wthin

this range. 1In this case, the next |arger NEMA standard notor size should be
used.

2.13.2 Mot or Efficiencies
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Al'l permanently wired pol yphase motors of 746 W or nore shall neet the m ni num
full-load efficiencies as indicated in the following table, and as specified in
this specification. Mtors of 746 W or nore with open, drip proof or totally
encl osed fan cool ed encl osures shall be high efficiency type, unless otherw se
indicated. Modtor efficiencies indicated in the tables apply to general - purpose,
si ngl e- speed, pol yphase induction notors. Applications which require definite
pur pose, special purpose, special frane, or special nounted pol yphase induction
notors are excluded fromthese efficiency requirenents. Mtors provided as an
integral part of notor driven equipnment are excluded fromthis requirenent if a
m ni mum seasonal or overall efficiency requirenent is indicated for that

equi pnent by the provisions of another section.

M NI MUM NOM NAL MOTOR EFFI Cl ENCI ES
OPEN DRI P PROOF MOTCRS

kW 1200 RPNV 1800 RPNV 3600 RPM

0. 746 82.5 85.5 80.0
1.12 86.5 86.5 85.5
1.49 87.5 86.5 86.5
2.24 89.5 89.5 86.5
3.73 89.5 89.5 89.5
5. 60 91.7 91.0 89.5
7.46 91.7 91.7 90. 2
11.2 92.4 93.0 91.0
14.9 92.4 93.0 92. 4
18.7 93.0 93.6 93.0
22.4 93.6 93.6 93.0
29.8 94.1 94.1 93.6
37.3 94.1 94.5 93.6
44.8 95.0 95.0 94.1
56.9 95.0 95.0 94.5
74.6 95.0 95.4 94.5
93.3 95.4 95.4 95.0
112.0 95.8 95.8 95.4
149.0 95.4 95.8 95.4
187.0 95.4 96. 2 95.8
224.0 95.4 95.0 95.4
261.0 94.5 95.4 95.0
298.0 94.1 95.8 95.0
336.0 94.5 95.4 95.4
373.0 94.5 94.5 94.5

TOTALLY ENCLOSED FAN- COCLED MOTCRS

kW 1200 RPNV 1800 RPNV 3600 RPM
0.746 82.5 85.5 78.5
1.12 87.5 86.5 85.5
1.49 88.5 86.5 86.5
2.24 89.5 89.5 88.5
3.73 89.5 89.5 89.5
5. 60 91.7 91.7 91.0
7.46 91.7 91.7 91.7
11.2 92.4 92. 4 91.7
14.9 92. 4 93.0 92. 4
18.7 93.0 93.6 93.0
22.4 93.6 93.6 93.0
29.8 94.1 94.1 93.6
37.3 94.1 94.5 94.1
44.8 94.5 95.0 94.1
56.9 95.0 95.4 94.5
74.6 95.4 95.4 95.0

16415A- 22



W012DQ- 04- B- 0004- 0001

TOTALLY ENCLOSED FAN- COCLED MOTCRS

93.3 95.4 95.4 95.4
112.0 95.8 95.8 95.4
149.0 95.8 96. 2 95.8
187.0 95.6 96. 2 95.9
224.0 95.4 96.1 95.8
261.0 94.5 96. 2 94.8
298.0 94.5 95.8 94.5
336.0 94.5 94.5 94.5
373.0 94.5 94.5 94.5

M NI MUM NOM NAL MOTOR EFFI Cl ENCI ES
OPEN DRI P PROOF MOTCRS
HP 1200 RPNV 1800 RPNV 3600 RPM
1 82.5 85.5 80.0
1.5 86.5 86.5 85.5
2 87.5 86.5 86.5
3 89.5 89.5 86.5
5 89.5 89.5 89.5
7.5 91.7 91.0 89.5

10 91.7 91.7 90. 2

15 92.4 93.0 91.0

20 92.4 93.0 92.4

25 93.0 93.6 93.0

30 93.6 93.6 93.0

40 94.1 94.1 93.6

50 94.1 94.5 93.6

60 95.0 95.0 94.1

75 95.0 95.0 94.5
100 95.0 95.4 94.5
125 95.4 95.4 95.0
150 95.8 95.8 95.4
200 95.4 95.8 95.4
250 95.4 96. 2 95.8
300 95.4 95.0 95.4
350 94.5 95.4 95.0
400 94.1 95.8 95.0
450 94.5 95.4 95.4
500 94.5 94.5 94.5

TOTALLY ENCLOSED FAN- COCLED MOTCRS
HP 1200 RPNV 1800 RPNV 3600 RPM
1 82.5 85.5 78.5
1.5 87.5 86.5 85.5
2 88.5 86.5 86.5
3 89.5 89.5 88.5
5 89.5 89.5 89.5
7.5 91.7 91.7 91.0

10 91.7 91.7 91.7

15 92.4 92. 4 91.7

20 92.4 93.0 92.4

25 93.0 93.6 93.0

30 93.6 93.6 93.0

40 94.1 94.1 93.6

50 94.1 94.5 94.1

60 94.5 95.0 94.1

75 95.0 95.4 94.5
100 95.4 95.4 95.0
125 95.4 95.4 95.4
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TOTALLY ENCLOSED FAN- COCLED MOTCRS

150 95.8 95.8 95. 4
200 95.8 96. 2 95.8
250 95.6 96. 2 95.9
300 95.4 96.1 95.8
350 94.5 96. 2 94.8
400 94.5 95.8 94.5
450 94.5 94.5 94.5
500 94.5 94.5 94.5

.14 MOTOR CONTRCOLS AND MOTOR CONTROL CENTERS
.14.1 Cener al

NEMA ICS 1, NEMA ICS 2, NEMA ICS 3 and NEMA ICS 6, and UL 508 and UL 845.
Panel boards suppl yi ng non-linear |oads shall have neutrals sized for 200 percent
of rated current.

.14.2 Motor Starters
Conbi nation starters shall be provided with circuit breakers.
.14.3 Ther mal - Over| oad Protection

Each motor of 93 W(1/8 hp) or larger shall be provided with thernmal-overl oad
protection. Polyphase notors shall have overload protection in each ungrounded
conductor. The overl oad-protection device shall be provided either integral with
the notor or controller, or shall be mounted in a separate enclosure. Unless

ot herwi se specified, the protective device shall be of the manually reset type

Si ngl e or double pole tunbler sw tches specifically designed for
alternating-current operation only may be used as manual controllers for

si ngl e- phase notors having a current rating not in excess of 80 percent of the
switch rating

.14. 4 Low Vol t age Motor Overl oad Rel ays
.14.4.1 Cener a

Thermal overload relays shall conformto NEMA ICS 2 and UL 508. Overl oad
protection shall be provided either integral with the notor or notor controller
and shall be rated in accordance with the requirenents of NFPA 70. Standard
units shall be used for notor starting tines up to 7 seconds.

.14. 4.2 Construction

Manual reset type thermal relay shall be binetallic construction. Autonmatic
reset type thermal relays shall be binetallic construction. Mgnetic current
rel ays shall consist of a contact mechani smand a dash pot nounted on a commbn
frane.

.14.4.3 Rat i ngs

Vol tage ratings shall be not |less than the applicable circuit voltage. Trip
current ratings shall be established by selection of the repl aceabl e overl oad
devi ce and shall not be adjustable. Were the controller is renotely-Ilocated or
difficult to reach, an automatic reset, non-conpensated overload relay shall be
provi ded. Manual reset overload relays shall be provided otherwi se, and at all

| ocations where automatic starting is provided. Were the notor is located in a
constant anbi ent tenperature, and the thermal device is |located in an amnbient
temperature that regularly varies by nore than mnus 10 degrees C, an anbient

t enper at ur e- conpensat ed overload relay shall be provided

2.14.5 Aut omati ¢ Control Devices

16415A- 24



W012DQ- 04- B- 0004- 0001

2.14.5.1 Direct Control

Automatic control devices (such as thernobstats, float or pressure switches) which
control the starting and stopping of nmotors directly shall be designed for that
purpose and have an adequate kilowatt rating.

2.14.5.2 Pi | ot - Rel ay Control

Where the automatic-control device does not have such a rating, a magnetic
starter shall be used, with the automatic-control device actuating the
pilot-control circuit.

2.14.5.3 Manual / Aut omati ¢ Sel ection

a. \Wiere conbination manual and automatic control is specified and the
aut omati c-control device operates the notor directly, a double-throw,
three-position tunmbler or rotary switch (marked MANUAL- OFF- AUTOVATI C)
shal | be provided for the manual control.

b. Were conbination nmanual and automatic control is specified and the
automati c-control device actuates the pilot control circuit of a nagnetic
starter, the nagnetic starter shall be provided with a three-position
sel ector switch marked MANUAL- OFF- AUTOVATI C.

c. Connections to the selector switch shall be such that; only the nornal
automatic regulatory control devices will be bypassed when the switch is
in the Manual position; all safety control devices, such as | owor
hi gh- pressure cutouts, high-tenperature cutouts, and notor-overl oad
protective devices, shall be connected in the notor-control circuit in
both the Manual and the Automatic positions of the selector swtch.
Control circuit connections to any MANUAL- OFF- AUTOVATIC switch or to nore
than one automatic regulatory control device shall be made in accordance
with wiring diagram approved by the Contracting Oficer unless such
diagramis included on the drawings. Al controls shall be 120 volts or
| ess unl ess ot herw se indicated.

2.14.6 Mot or Control Centers
Control centers shall conformto the requirements of NEMA ICS 1, NEMA ICS 2, NEMA
ICS 3 and NEMA I CS 6, and UL 508 and UL 845. Control centers shall be indoor
type and shall contain conbination starters and ot her equi pnent as indicated.
Control centers shall be NEMA | CS 2as shown. Each control center shall be
mounted on floor sills or mounting channels. Each circuit shall have a suitable
metal or laminated plastic naneplate with white cut letters. Mtor control
centers shall be provided with a full-length ground bus bar.

2.15 PANEL BOARDS
Dead-front construction, NEMA PB 1 and UL 67.

2.16 RECEPTACLES

2.16.1 Attachment Plugs and Receptacl es
UL 498.

2.16.2 Standard G ade
UL 498.

2.16.3 Gound Fault Interrupters
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UL 943, dass A or B
.16. 4 NEMA St andard Receptacl e Configurations
NEMA WD 6.
a. Single and Dupl ex, 15-Anmpere and 20- Anpere, 125 Volt

15-ampere, non-locking: NEMA type 5-15R, |ocking: NEMA type L5-15R, 20-anpere,
non-1ocki ng: NEMA type 5-20R, |ocking: NEMA type L5-20R

b. 15- Ampere, 250 Volt
Two- pol e, 3-wire grounding, non-locking: NEMA type 6-15R, |ocking: NEMNA type
L6-15R  Three-pole, 4-wire grounding, non-locking: NEMA type 15-15R, | ocking:
NEMA type L15-15R

c. 20-Ampere, 250 Volt
Two- pol e, 3-wire grounding, non-locking: NEMA type 6-20R, |ocking: NEMA type
L6-20R.  Three-pole, 4-wire grounding, non-locking: NEMA type 15-20R, | ocking:
NEMA type L15-20R

d. 30-Ampere, 125/250 Volt
Three-pole, 3-wire, non-locking: NEMA type 10-30R, |ocking: NEMA type L10-30R
Three-pole, 4-wire grounding, non-locking: NEMA type 14-30R, |ocking: NEMA type
L14- 30R

e. 30-Ampere, 250 Volt
Two- pol e, 3-wire grounding, non-locking: NEMA type 6-30R, |ocking: NEMA type
L6-30R  Three-pole, 4-wire grounding, non-locking: NEMA type 15-30R | ocking:
NEVA type L15-30R

f. 50-Anpere, 125/250 Volt

Three-pole, 3-wire: NEMA type 10-50R  Three-pole, 4-wire grounding: NEMA type
14- 50R

g. 50-Ampere, 250 Volt

Two- pol e, 3-wire grounding: NEMA type 6-50R  Three-pole, 4-wre grounding:
NEMA type 15-50R.

.17 Servi ce Entrance Equi prment

UL 869A.

.18 SPLICE, CONDUCTOR

UL 486C.

.19 PONER- SW TCHGEAR ASSEMBLI ES | NCLUDI NG SW TCHBQARDS

Assenblies shall be netal -encl osed, freestandi ng general - purpose type in
accordance with NEVA PB 2, UL 891, and | EEE C37.20.1 and shall be installed to
provide front and rear access. Busses shall be copper. Assenbly shall be
approxi mately 2.3 meters high; arrangenent of circuit breakers and other itens
specified shall be as indicated. The withstand rating and interrupting capacity

of the switchboards and circuit breakers shall be based on the maxi num faul t
current avail abl e.
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.19.1 Crcuit Breakers

Crcuit breakers shall be nol ded-case circuit breakers.
.19.2 Auxiliary Equi pnment

.19.2.1 I nstrunments

Instruments shall be long scale, 173 nm mninum sem flush rectangul ar
i ndicating or digital switchboard type, nounted at eye |evel.

a. Ameter, range 0 to 100% of sw tchboard circuit breaker rating of each
bui I di ng switchboard, conplete with selector switch having off position
and positions to read each phase current.

b. Voltmeter, range 0 to system voltage of respective building, conplete
with selector switch having off position and positions to read each
phase to phase and phase to neutral voltage.

.19.2.2 Control Switch

.20  SNAP SW TCHES

UL 20

.21 Di nrer s

I ncandescent NEMA WD-1; Dimmer switches shall be constructed such that the on-off
function is independent of the brightness setting; shall be sem condutor phase
control type.; and shall have voltage and wattage ratings suitable for the

i ntended application. Dimer switch shall be slide type

.22 Cccupancy Sensors

Cccupancy sensors shall neet the requirenents of UL 916 and i ncl ude both
ultrasonic and infrared type sensors. The technical requirenents of the sensors
are indicated on the drawi ngs. Sensor quantities and |locations will vary by
manufacturer. As part of submittal for occupancy sensors, the contractor shal
provi de a sensor |ayout provided by the sensor manufacturer. The |ayout shal

i ndicate the |l ocation of the sensors and the coverage area in the room

.23  TAPES

.23.1 Pl astic Tape

UL 510.

.23.2 Rubber Tape

UL 510.

.24 TRANSFORMERS

Si ngl e- and three-phase transfornmers shall have two w ndi ngs per phase.

Ful | -capacity standard NEMA taps shall be provided in the primary w ndi ngs of
transforners unl ess otherw se indicated. Three-phase transforners shall be
configured with delta-we w ndings, except as indicated. "T" connections may be
used for transformers rated 15 kVA or bel ow.

.24.1 Transformers, Dry-Type
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Transforners shall have 220 degrees C insulation systemfor transforners 15 kVA
and greater, and shall have 180 degrees C insulation systemfor transforners
rated 10 kVA and less, with tenperature rise not exceeding 150 degrees C under
full-rated |l oad in maxi num anbi ent tenperature of 40 degrees C. Transforner of
150 degrees C tenperature rise shall be capable of carrying continuously 100
percent of namepl ate kVA without exceeding insulation rating. Transforners shal
nmeet the energy efficiency standard of NEMA TP-1 and the DCE ' Energy Star' | abel
Transformer |osses shall conformto NEMA TP-1

a. 600 Volt or Less Prinary:

NEMA ST 20, UL 506, general purpose, dry-type, self-cooled, ventilated
Transforners shall be provided in NEMA 1 enclosure. Transforners shall be quiet
type with maxi mum sound | evel at |east 3 decibels |ess than NEMA standard | evel
for transforner ratings indicated.

.24.2 Average Sound Level
The average sound level in decibels (dB) of transformers shall not exceed the

following dB | evel at 300 mm for the applicable kVA rating range |isted unless
ot herwi se i ndi cat ed

kVA Range dB Sound Level
1-50 50
51- 150 55
151- 300 58
301- 500 60
501- 700 62
701- 1000 64
1001- 1500 65
1501 & above 70

.25 | SOLATED POAER SYSTEM EQUI PMENT
UL 1047, with nonitor UL 1022.
.26 WATTHOUR METERS, UTI LI TY REVENUE

Watthour neters shall conformto ANSI Cl12.1. Watthour denmand meters shall have
factory-installed electronic pulse initiators neeting the requirenents of ANS
Cl2.1. Pulse initiators shall be solid-state devices incorporating
light-emtting di odes, phototransistors, and power transistors, except that
mercury-wetted output contacts are acceptable. Initiators shall be totally
contai ned within watthour demand nmeter encl osures, shall be capabl e of operating
up to speeds of 500 pulses per mnute with no fal se pul ses, and shall require no
field adjustnents. Initiators shall be calibrated for a pulse rate output of one
pul se per 1/4 disc revolution of the associated neter and shall be conpatible
with the indicated equi pnent.

.27 | NSTRUMVENT TRANSFORMERS

.27.1 Gener al

Instrument transforners shall conply with ANSI Cl12.11 and | EEE C57. 13
Instrument transforners shall be configured for nounting in/on the device to
which they are applied. Polarity marks on instrunent transfornmers shall be
visual ly evident and shown on draw ngs.

.27.2 Current Transformers

Unl ess ot herwi se indicated, bar, wound, or wi ndowtype transforners are
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acceptabl e; and except for windowtype units installed over insul ated buses,
transfornmers shall have a BIL rating consistent with the rated BIL of the
associ ated switchgear or electric power apparatus bushings, buses or conductors.
Q her thermal and nmechanical ratings of current transformer and their prinmary

| eads shall be coordinated with the design of the circuit breaker and shall be
not |less than the nomentary rating of the associated circuit breaker. Circuit
protectors shall be provided across secondary |eads of the current transformers
to prevent the accidental open-circuiting of the transforners while energized
Each term nal of each current transforner shall be connected to a
short-circuiting terminal block in the circuit interrupting nmechani sm cabi net,
power transforner terminal cabinet, and in the associated instrument and rel ay
cabi net s.

2.27.2.1 Voltage Transformers

Vol tage transforners shall have indicated ratios. Voltage transfornmers shall be
of the drawout type having current-limting fuses in both primry and secondary
circuits. Mechanical interlocks shall prevent renoval of fuses, unless the
associ ated voltage transformer is in a drawout position. Voltage transforner
conpartments shall have hinged doors.

2.28 WRI NG DEVI CES

NEMA WD 1 for wiring devices, and NEMA WD 6 for dinmensional requirenents of
Wi ring devices.

PART 3 EXECUTI ON
3.1 GROUNDI NG

G oundi ng shall be in conformance with NFPA 70, the contract draw ngs, and the
foll owi ng specifications.

3.1.1 G ound Rods

The resistance to ground shall be neasured using the fall-of-potential mnethod
described in IEEE Std 81. The maxi numresi stance of a driven ground shall not
exceed 25 ohnms under normally dry conditions. |If this resistance cannot be
obtained with a single rod, additional rods not |less than 1.8 neters on centers
may be used. In high-ground-resistance, UL |isted chemically charged ground rods
may be used. |If the resultant resistance exceeds 25 ohns neasured not |ess than
48 hours after rainfall, the Contracting O ficer shall be notified i mediately.
Connecti ons bel ow grade shall be fusion wel ded. Connections above grade shall be
fusion welded or shall use UL 467 approved connectors

3.1.2 G ound Bus

Ground bus shall be provided in the electrical equipnment roons as indicated.
Noncurrent-carrying nmetal parts of transformer neutrals and other electrica

equi pnent shall be effectively grounded by bonding to the ground bus. The ground
bus shall be bonded to both the entrance ground, and to a ground rod or rods as
speci fi ed above having the upper ends term nating approxi mately 100 nm above the
floor. Connections and splices shall be of the brazed, wel ded, bolted, or
pressure-connector type, except that pressure connectors or bolted connections
shal | be used for connections to renovabl e equi pment. For raised floor equi pnent
roons in conputer and data processing centers, a mninmmof 4, one at each
corner, multiple grounding systens shall be furnished. Connections shall be
bolted type in lieu of thernoweld, so they can be changed as required by
additions and/or alterations.

3.1.3 G oundi ng Conductors

A green equi pnment groundi ng conductor, sized in accordance with NFPA 70 shall be
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provi ded, regardl ess of the type of conduit. Equi pnent groundi ng bars shall be
provided in all panel boards. The equi prrent groundi ng conductor shall be carried
back to the service entrance groundi ng connecti on or separately derived grounding
connection. Al equipnment groundi ng conductors, including nmetallic raceway
systens used as such, shall be bonded or joined together in each wiring box or
equi pnent enclosure. Metallic raceways and groundi ng conductors shall be checked
to assure that they are wired or bonded into a common junction. Metallic boxes
and encl osures, if used, shall also be bonded to these groundi ng conductors by an
approved neans per NFPA 70. Wwen switches, or other utilization devices are
install ed, any designated grounding term nal on these devices shall also be
bonded to the equi pment groundi ng conductor junction with a short junper.

.2  WRI NG METHODS

Wring shall conformto NFPA 70, the contract draw ngs, and the follow ng
specifications. Unless otherwi se indicated, wiring shall consist of insulated
conductors installed in rigid zinc-coated steel conduit, electrical netallic
tubing, electrical nonmetallic tubing, and intermediate nmetal conduit. TEXT
DELETED. Wre fill in conduits shall be based on NFPA 70 for the type of conduit
and wire insulations specified. Wre fill in conduits located in Cass | or |
hazardous areas shall be limted to 25 percent of the cross sectional area of the
condui t .

.2.1 Conduit and Tubi ng Systens

Conduit and tubing systens shall be installed as indicated. Conduit sizes shown
are based on use of copper conductors with insulation types as described in

par agraph WRI NG METHODS. M ni num si ze of raceways shall be 15 mm Only netal
conduits will be permtted when conduits are required for shielding or other
speci al purposes indicated, or when required by conformance to NFPA 70.
Nonnetal i c conduit and tubing may be used in danp, wet or corrosive |ocations
when permtted by NFPA 70 and the conduit or tubing systemis provided with
appropri ate boxes, covers, clanps, screws or other appropriate type of fittings
El ectrical netallic tubing (EMI) may be installed only within buildings. EM may
be installed in concrete and grout in dry locations. EM installed in concrete
or grout shall be provided with concrete tight fittings. EMI shall not be
installed in danp or wet |ocations, or the air space of exterior masonry cavity
wal I s. Bushings, manufactured fittings or boxes providing equival ent nmeans of
protection shall be installed on the ends of all conduits and shall be of the
insulating type, where required by NFPA 70. Only UL listed adapters shall be
used to connect EMI to rigid netal conduit, cast boxes, and conduit bodi es.

Al um num conduit may be used only where installed exposed in dry |ocations.

Nonal um num sl eeves shall be used where al um num conduit passes through concrete
floors and firewalls. Penetrations of above grade floor slabs, tinme-rated
partitions and fire walls shall be firestopped in accordance with Section 07840A
FI RESTOPPI NG  Except as otherw se specified, I MC may be used as an option for
rigid steel conduit in areas as permtted by NFPA 70. Raceways shall not be
installed under the firepits of boilers and furnaces and shall be kept 150 mm
away fromparallel runs of flues, steam pipes and hot-water pipes. Raceways
shal | be concealed within finished walls, ceilings, and floors unl ess otherw se
shown. Raceways crossing structural expansion joints or seismic joints shall be
provi ded with suitable expansion fittings or other suitable nmeans to conpensate
for the building expansion and contraction and to provide for continuity of
grounding. Wring installed in underfloor duct systemshall be suitable for
installation in wet |ocations.

.2.1.1 Pull Wres

A pull wire shall be inserted in each enpty raceway in which wiring is to be
installed if the raceway is nore than 15 neters in length and contains nore than
the equival ent of two 90-degree bends, or where the raceway is nore than 45
meters in length. The pull wire shall be of No. 14 AWs zinc-coated steel, or of
pl astic having not |less than 1.4 MPa (200 psi) tensile strength. Not |ess than
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254 mm of slack shall be left at each end of the pull wre.
.2.1.2 Condui t St ub- Ups

Where conduits are to be stubbed up through concrete floors, a short el bow shal
be installed bel ow grade to transition fromthe horizontal run of conduit to a
vertical run. A conduit coupling fitting, threaded on the inside shall be
installed, to allow termnating the conduit flush with the finished floor
Wring shall be extended in rigid threaded conduit to equipnent, except that
where required, flexible conduit may be used 150 mm above the floor. Enpty or
spare conduit stub-ups shall be plugged flush with the finished floor with a

t hreaded, recessed plug.

.2.1.3 Bel ow Sl ab-on-Gade or in the G ound

El ectrical wiring bel ow sl ab-on-grade shall be protected by a conduit system
Conduit passing vertically through sl abs-on-grade shall be rigid steel or |IMC
Rigid steel or IMC conduits installed bel ow sl ab-on-grade or in the earth shall
be field wapped with 0.254 mm thick pipe-wapping plastic tape applied with a
50 percent overlay, or shall have a factory-applied polyvinyl chloride, plastic
resin, or epoxy coating system

.2.1. 4 Installing in Slabs Including Slabs on G ade

Conduit installed in slabs-on-grade shall be rigid steel or IMC. Conduits shal
be installed as close to the mddle of concrete slabs as practicable w thout

di sturbing the reinforcenent. CQutside dianmeter shall not exceed 1/3 of the slab
t hi ckness and conduits shall be spaced not closer than 3 dianeters on centers
except at cabinet |ocations where the slab thickness shall be increased as
approved by the Contracting Officer. Were conduit is run parallel to
reinforcing steel, the conduit shall be spaced a m ni mum of one conduit diameter
away but not less than 25.4 nm fromthe reinforcing steel.

.2.1.5 Changes in Direction of Runs

Changes in direction of runs shall be made with symetrical bends or cast-netal
fittings. Field-nade bends and offsets shall be nmade with an approved hi ckey or
condui t - bendi ng machi ne. Crushed or deformed raceways shall not be install ed.
Trapped raceways in damp and wet |ocations shall be avoi ded where possi bl e.
Lodgnent of plaster, dirt, or trash in raceways, boxes, fittings and equi pment
shal | be prevented during the course of construction. « ogged raceways shall be
cleared of obstructions or shall be repl aced.

.2.1.6 Supports

Metal lic conduits and tubing,and the support systemto which they are attached
shall be securely and rigidly fastened in place to prevent vertical and

hori zontal novenent at intervals of not nore than 3 neters and within 900 nm of
boxes, cabinets, and fittings, with approved pipe straps, wall brackets, conduit
cl anps, conduit hangers, threaded C-clanps, beam clanps, or ceiling trapeze
Loads and supports shall be coordinated with supporting structure to prevent
danage or deformation to the structure. Loads shall not be applied to joist
bridging. Attachnent shall be by wood screws or screwtype nails to wood; by
toggl e bolts on holl ow masonry units; by expansion bolts on concrete or brick; by
machi ne screws, wel ded threaded studs, heat-treated or spring-steel-tension
clanmps on steel work. Nail-type nylon anchors or threaded studs driven in by a
powder charge and provided with | ock washers and nuts may be used in lieu of
expansion bolts or machi ne screws. Raceways or pipe straps shall not be wel ded
to steel structures. Cutting the main reinforcing bars in reinforced concrete
beans or joists shall be avoided when drilling holes for support anchors. Holes
drilled for support anchors, but not used, shall be filled. |In partitions of
light steel construction, sheet-netal screws may be used. Raceways shall not be
supported using wire or nylon ties. Raceways shall be independently supported
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fromthe structure. Upper raceways shall not be used as a means of support for

| ower raceways. Supporting nmeans shall not be shared between el ectrical raceways
and mechani cal piping or ducts. Cables and raceways shall not be supported by
ceiling grids. Except where pernmitted by NFPA 70, wiring shall not be supported
by ceiling support systems. Conduits shall be fastened to sheet-netal boxes and
cabinets with two | ocknuts where required by NFPA 70, where insulating bushings
are used, and where bushings cannot be brought into firmcontact with the box

ot herwi se, a single | ocknut and bushing may be used. Threadless fittings for
electrical netallic tubing shall be of a type approved for the conditions
encountered. Additional support for horizontal runs is not required when EMI
rests on steel stud cutouts.

.2.1.7 Exposed Raceways

Exposed raceways shall be installed parallel or perpendicular to walls,
structural menbers, or intersections of vertical planes and ceilings. Raceways
under raised floors and above accessible ceilings shall be considered as exposed
installations in accordance with NFPA 70 definitions.

.2.1.8 Exposed Risers

Exposed risers in wire shafts of multistory buildings shall be supported by
U-cl anp hangers at each floor level, and at intervals not to exceed 3 neters.

.2.1.9 Conmmuni cati ons Raceways

Conmuni cati ons raceways indicated shall be installed in accordance with the
previous requirenents for conduit and tubing and with the additional requirenent
that the minimumconduit size shall be 1 inch, and shall not contain nore than
two 90-degree bends or the equivalent. Additional pull or junction boxes shal
be installed to conply with these linmitations whether or not indicated. Inside
radii of bends in conduits of 25 nm (1 inch) size or larger shall not be |ess
than ten tines the nom nal dianeter

.2.2 Cabl e Trays

Cabl e trays shall be supported in accordance with the recommendati ons of the
manuf acturer but at no nore than 1.8 neter intervals. Contact surfaces of

al um num connecti ons shall be coated with an anti oxi dant conpound prior to
assenbly. Adjacent cable tray sections shall be bonded together by connector

pl ates of an identical type as the cable tray sections. The Contractor shal
submt the manufacturer's certification that the cable tray system neets al
requi renents of Article 318 of NFPA 70. The cable tray shall be installed and
grounded in accordance with the provisions of Article 318 of NFPA 70. Data
subm tted by the Contractor shall denbnstrate that the conpleted cable tray
systens will conply with the specified requirenents. Cable trays shall term nate
250 mm from both sides of snbke and fire partitions. Conductors run through
snmoke and fire partitions shall be installed in 103 mm (4 inch) rigid stee
conduits with groundi ng bushings, extending 300 mm beyond each side of the
partitions. The installation shall be sealed to preserve the snoke and fire
rating of the partitions. Penetrations shall be firestopped in accordance with
Section 07840A FI RESTOPPI NG

.2.3 Cabl es and Conductors

Installation shall conformto the requirenents of NFPA 70. Covered, bare or

i nsul ated conductors of circuits rated over 600 volts shall not occupy the sane
equi pment wiring enclosure, cable, or raceway with conductors of circuits rated
600 volts or |ess

.2.3.1 Si zi ng

Unl ess ot herwi se noted, all sizes are based on copper conductors and the
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insulation types indicated. Sizes shall be not I[ess than indicated.
Branch-circuit conductors shall be not smaller than No. 12 AWG Conductors for
branch circuits of 120 volts nore than 30 nmeters |ong and of 277 volts nore

than 70 neters long, frompanel to |load center, shall be no smaller than No. 10
AWz Cass 1 renote control and signal circuit conductors shall be not |ess than
No. 14 AWG C ass 2 renote control and signal circuit conductors shall be not
less than No. 16 AWa C ass 3 |l owenergy, renote-control and signal circuits
shall be not l|ess than No. 22 AWG

.2.3.2 Use of Al umi num Conductors in Lieu of Copper
Al 'um num conductors shall not be used
.2.3.3 Cabl e Systens

Cabl e systens shall be installed where indicated. Cables shall be installed
conceal ed behind ceiling or wall finish where practicable. Cables shall be

t hreaded t hrough hol es bored on the approximate centerline of wood nenbers;
notching of surfaces will not be permitted. Sleeves shall be provided through
bond beans of nmasonry-block walls for threading cables through holl ow spaces.
Exposed cabl es shall be installed parallel or at right angles to walls or
structural menbers. In roons or areas not provided with ceiling or wall finish
cabl es and outlets shall be installed so that a roomfinish may be applied in the
future without disturbing the cables or resetting the boxes. Exposed
nonnetal | i c-sheathed cables less than 1.2 neters above floors shall be protected
from nechanical injury by installation in conduit or tubing

.2.3.4 Cabl e Splicing

Splices shall be made in an accessible location. Crinping tools and dies shal
be approved by the connector nmanufacturer for use with the type of connector and
conduct or.

a. Copper Conductors, 600 Volt and Under: Splices in conductors No. 10 AWG
and snal |l er dianeter shall be nmade with an insul ated, pressure-type
connector. Splices in conductors No. 8 AWG and | arger dianeter shall be
made with a sol derless connector and insulated with tape or heat-shrink
type insulating material equivalent to the conductor insulation

.2.3.5 Conductor Identification and Taggi ng

Power, control, and signal circuit conductor identification shall be provided

wi thin each enclosure where a tap, splice, or termnation is nade. Were several
feeders pass through a common pull box, the feeders shall be tagged to indicate
clearly the electrical characteristics, circuit nunber, and panel designation
Phase conductors of |ow voltage power circuits shall be identified by color
coding. Phase identification by a particular color shall be naintained
continuously for the length of a circuit, including junctions

a. Color coding shall be provided for service, feeder, branch, and ground
conductors. Color shall be green for grounding conductors and white for
neutral s; except where neutrals of nore than one systemare installed in
the same raceway or box, other neutral shall be white with colored (not
green) stripe. The color coding for 3-phase and singl e- phase | ow vol t age
systens shall be as follows:

120/ 208-vol t, 3-phase: Black(A), red(B), and bl ue(C

277/ 480-vol t, 3-phase: Brown(A), orange(B), and yellow(C).
120/ 240-vol t, 1-phase: Black and red
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b. Conductor phase and voltage identification shall be nade by col or-coded
insulation for all conductors smaller than No. 6 AWa For conductors No.
6 AWG and larger, identification shall be made by col or-coded insul ati on,
or conductors with black insulation may be furnished and identified by
the use of hal f-Iapped bands of colored electrical tape wapped around
the insulation for a mnimumof 75 nm of |ength near the end, or other
met hod as submitted by the Contractor and approved by the Contracting
Oficer.

c. Control and signal circuit conductor identification shall be nade by
col or-coded insul ated conductors, plastic-coated self-sticking printed
mar kers, permanently attached stanped netal foil markers, or equival ent
means as approved. Control circuit termnals of equipnent shall be
properly identified. Term nal and conductor identification shall match
that shown on approved detail drawings. Hand lettering or marking is not
accept abl e.

3 BOXES AND SUPPORTS

Boxes shall be provided in the wiring or raceway systens where required by NFPA 70
for pulling of wires, making connections, and nounting of devices or fixtures.
Pul | boxes shall be furnished with screwfastened covers. |Indicated el evations
are approxi mate, except where m ni mum mounting hei ghts for hazardous areas are
requi red by NFPA 70. Unless otherw se indicated, boxes for wall switches shal

be nmounted 1.2 neters above finished floors. Switch and outlet boxes |ocated on
opposite sides of fire rated walls shall be separated by a m ni mum hori zonta

di stance of 600 mm The total conbined area of all box openings in fire rated
wal | s shall not exceed 0.0645 square neters per 9.3 square neters. Maxi mum
box areas for individual boxes in fire rated walls vary with the manufacturer and
shal | not exceed the maxi mum specified for that box in UL Elec Const Dir. Only
boxes listed in UL Elec Const Dir shall be used in fire rated walls

.31 Box Applications

Each box shall have not |ess than the volune required by NFPA 70 for nunber of
conductors enclosed in box. Boxes for netallic raceways shall be listed for the
i ntended use when located in nornally wet |ocations, when flush or surface
mount ed on outside of exterior surfaces, or when |ocated in hazardous areas
Boxes installed in wet |ocations and boxes installed flush with the outside of
exterior surfaces shall be gasketed. Boxes for nmounting lighting fixtures shal
be not less than 102 nm square, or octagonal, except snaller boxes may be
installed as required by fixture configuration, as approved. Cast-netal boxes
with 2.4 mm wall thickness are acceptable. Large size boxes shall be NEMA 1 or
as shown. Boxes in other |ocations shall be sheet steel except that al um num
boxes may be used with al um num conduit, and nonnetallic boxes nay be used with
nonnetal lic conduit and tubing or nonnetal lic sheathed cabl e system when
permtted by NFPA 70. Boxes for use in masonry-block or tile walls shall be
square-cornered, tile-type, or standard boxes having square-cornered, tile-type
covers.

.3.2 Brackets and Fasteners

Boxes and supports shall be fastened to wood with wood screws or screwtype nails
of equal holding strength, with bolts and netal expansion shields on concrete or
brick, with toggle bolts on hollow masonry units, and with nachi ne screw or

wel ded studs on steel work. Threaded studs driven in by powder charge and

provi ded with | ockwashers and nuts, or nail-type nylon anchors nay be used in
Iieu of expansion shields, or machine screws. Penetration of nore than 38.1 mm
(1-1/2 inches) into reinforced-concrete beans or nore than 19.1 mm (3/4 inch)
into reinforced-concrete joists shall avoid cutting any main reinforcing steel.
The use of brackets which depend on gypsum wal | board or plasterboard for primary
support will not be permtted. In partitions of |ight steel construction, bar
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hangers with 25 mm |ong studs, nounted between netal wall studs or metal box
mounting brackets shall be used to secure boxes to the building structure. Wen
met al box nounting brackets are used, additional box support shall be provided on
the side of the box opposite the brackets. This additional box support shal
consist of a mninmm 300 mMm |ong section of wall stud, bracketed to the opposite
side of the box and secured by two screws through the wall board on each side of
the stud. Metal screws may be used in lieu of the metal box nounting brackets.

.3.3 Mounting in Walls, Ceilings, or Recessed Locations

In walls or ceilings of concrete, tile, or other non-conbustible material, boxes
shall be installed so that the edge of the box is not recessed nore than 6 mm
fromthe finished surface. Boxes nounted in conbustible walls or ceiling
material shall be nounted flush with the finished surface. The use of gypsum or
pl asterboard as a neans of supporting boxes will not be pernmitted. Boxes
installed for concealed wiring shall be provided with suitable extension rings or
pl aster covers, as required. The bottom of boxes installed in masonry-bl ock

wal |s for concealed wiring shall be mounted flush with the top of a block to

m nimze cutting of the bl ocks, and boxes shall be |ocated horizontally to avoid
cutting webs of block. Separate boxes shall be provided for flush or recessed
fixtures when required by the fixture termnal operating tenperature, and
fixtures shall be readily removabl e for access to the boxes unless ceiling access
panel s are provided

.3.4 Installation in Overhead Spaces

In open overhead spaces, cast-netal boxes threaded to raceways need not be
separately supported except where used for fixture support; cast-netal boxes
havi ng t hreadl ess connectors and sheet netal boxes shall be supported directly
fromthe building structure or by bar hangers. Hangers shall not be fastened to
or supported fromjoist bridging. Were bar hangers are used, the bar shall be
attached to raceways on opposite sides of the box and the raceway shall be
supported with an approved type fastener not nore than 600 mm fromthe box.

.4 DEVI CE PLATES

One- pi ece type device plates shall be provided for all outlets and fittings.

Pl ates on unfinished walls and on fittings shall be of zinc-coated sheet steel
cast-netal, or inpact resistant plastic having rounded or bevel ed edges. Plates
on finished walls shall be of steel with baked enanel finish or inpact-resistant
plastic and shall be ivory. Screws shall be of netal with countersunk heads, in
a color to match the finish of the plate. Plates shall be installed with al

four edges in continuous contact with finished wall surfaces w thout the use of
mats or simlar devices. Plaster fillings will not be pernmitted. Plates shall be
installed with an alignnment tol erance of 1.6 mm The use of sectional -type
device plates will not be permitted. Plates installed in wet |ocations shall be
gasketed and provided with a hinged, gasketed cover, unless otherw se specifi ed.

.5  RECEPTACLES
.5.1 Singl e and Dupl ex, 15 or 20-anpere, 125 volt

Singl e and dupl ex receptacles shall be rated 20 anperes, 125 volts, two-pole,
three-wire, grounding type with polarized parallel slots. Bodies shall be of
ivory to match color of switch handles in the sane roomor to harnmonize with the
color of the respective wall, and supported by nounting strap having pl aster
ears. Contact arrangenment shall be such that contact is nade on two sides of an
inserted bl ade. Receptacle shall be side- or back-wired with two screws per
termnal. The third grounding pole shall be connected to the metal nounting
yoke. Switched receptacles shall be the same as other receptacles specified
except that the ungrounded pol e of each suitable receptacle shall be provided
with a separate terminal. Only the top receptacle of a duplex receptacle shal
be wired for switching application. Receptacles with ground fault circuit
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interrupters shall have the current rating as indicated, and shall be UL dass A
type unl ess otherwi se showmn. Gound fault circuit protection shall be provided
as required by NFPA 70 and as indicated on the draw ngs.

.5.2 Weat herproof Applications

Weat her proof receptacles shall be suitable for the environment, danp or wet as
appl i cabl e, and the housings shall be | abeled to identify the allowabl e use.
Receptacl es shall be marked in accordance with UL 514A for the type of use

i ndi cated; "Danp |ocations", "Wt Locations", "Wt Location Only Wen Cover

Cl osed". Assenblies shall be installed in accordance with the manufacturer's
recomendati ons.

.5.2.1 Danp Locati ons

Receptacles in danp | ocations shall be nounted in an outlet box with a gasketed
weat her proof, cast-netal cover plate (device plate, box cover) and a gasketed cap
(hood, receptacle cover) over each receptacle opening. The cap shall be either a
screwon type pernanently attached to the cover plate by a short |length of bead
chain or shall be a flap type attached to the cover with a spring | oaded hinge

.5.2.2 Wet Locati ons

Receptacles in wet locations shall be installed in an assenbly rated for such use
whet her the plug is inserted or withdrawn, unless otherwise indicated. 1In a

dupl ex installation, the receptacle cover shall be configured to shield the
connecti ons whether one or both receptacles are in use.

.5.3 Recept acl es, 15- Anpere, 250-Volt

Recept acl es, 15-anpere, 250-volt, shall be as indicated with bodies of ivory
phenol i ¢ conpound supported by nounting yoke having plaster ears. The third
groundi ng pol e shall be connected to the netal yoke. Each receptacle shall be
provided with a mating cord-grip plug.

.5.4 Recept acl es, 20- Anrpere, 250-Volt

Recept acl es, single, 20-anpere, 250-volt, shall be ivory nolded plastic
two-pole, three-wire or three-pole, four-wire, grounding type conplete with
appropriate mating cord-grip plug

.5.5 Speci al - Purpose or Heavy-Duty Receptacl es

Speci al - pur pose or heavy-duty receptacles shall be of the type and of ratings and
nunber of poles indicated or required for the anticipated purpose. Contact
surfaces may be either round or rectangular. One appropriate straight or

angl e-type plug shall be furnished with each receptacle. Locking type
receptacles, rated 30 anperes or |less, shall be |ocked by rotating the plug.
Locking type receptacles, rated nore than 50 amperes, shall utilize a | ocking
ring.

.6 WALL SW TCHES

Wal |l switches shall be of the totally enclosed tunbler type. The wall switch
handl e and switch plate color shall be ivory. Wring termnals shall be of the
screw type or of the solderless pressure type having suitabl e conductor-rel ease
arrangement. Not nore than one switch shall be installed in a single-gang
position. Swtches shall be rated 20-anpere 120-volt for use on alternating
current only. Dinmng switches shall be solid-state flush mounted, sized for the
| oads.

7  SERVI CE EQUI PMENT
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Servi ce provisions Service-disconnecting neans shall be of the encl osed

nol ded-case circuit breaker type with an external handle for manual operation
When service di sconnecting neans is a part of an assenbly, the assenbly shall be
listed as suitable for service entrance equi pnent. Enclosures shall be sheet
metal with hinged cover for surface nounting unless otherw se indicated

. 8 PANELBOARDS AND LOADCENTERS

Circuit breakers and sw tches used as a nmotor disconnecting nmeans shall be
capabl e of being locked in the open position. Door |ocks shall be keyed alike.
Namepl ates shall be as approved. Directories shall be typed to indicate |oads
served by each circuit and mounted in a hol der behind a clear protective
covering. Busses shall be al um num

.8.1 Loadcenters
Loadcenters shall be circuit breaker equi pped.
.8.2 Panel boar ds

Panel boards shall be circuit breaker or fusible switch equi pped as indicated on
t he drawi ngs.

.9 UNDERGROUND SERVI CE

Unl ess ot herwi se indicated, interior conduit systens shall be stubbed out 1.5 m
beyond the building wall and 600 nm bel ow finished grade, for interface with the
exterior service lateral conduits and exterior conmunications conduits. CQutside
conduit ends shall be bushed when used for direct burial service |atera
conductors. CQutside conduit ends shall be capped or plugged until connected to
exterior conduit systems. Underground service lateral conductors will be extended
to building service entrance and term nated in accordance with the requirenents

of Section 16375A ELECTRI CAL DI STRI BUTI ON SYSTEM UNDERGROUND and NFPA 70

.10 MOTORS

Each notor shall conformto the kW and voltage ratings indicated, and shall have
a service factor and other characteristics that are essential to the proper
application and performance of the notors under conditions shown or specified.
Thr ee- phase notors for use on 3-phase 208-volt systens shall have a nanepl ate
rating of 200 volts. Unless otherw se specified, all notors shall have open
frames, and continuous-duty classification based on a 40 degree C anbi ent
temperature reference. Polyphase notors shall be squirrel-cage type, having
normal -starting-torque and | owstarting-current characteristics, unless other
characteristics are specified in other sections of these specifications or shown
on contract drawi ngs. The Contractor shall be responsible for selecting the
actual kilowatt (horsepower) ratings and other notor requirenents necessary for
the applications indicated. Wien electrically driven equipnent furnished under
ot her sections of these specifications materially differs fromthe design, the
Contractor shall nake the necessary adjustnments to the wiring, disconnect devices
and branch-circuit protection to accommodate the equi pnent actually install ed.

11 MOTOR CONTROL

Each motor or group of notors requiring a single control and not controlled from
a notor-control center shall be provided under other sections of these
specifications with a suitable controller and devices that will performthe
functions as specified for the respective notors. Each notor of 93 W(1/8 hp) or
| arger shall be provided with thermal -overl oad protection. Polyphase notors
shal | have overload protection in each ungrounded conductor. The

overl oad-protection device shall be provided either integral with the notor or
controller, or shall be nounted in a separate enclosure. Unless otherw se
specified, the protective device shall be of the manually reset type. Single or
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doubl e pole tunmbler switches specifically designed for alternating-current
operation only may be used as manual controllers for single-phase nbtors having a
current rating not in excess of 80 percent of the switch rating. Automatic
control devices such as thernostats, float or pressure switches may control the
starting and stopping of motors directly, provided the devices used are designed
for that purpose and have an adequate kilowatt rating. Wen the

aut omati c-control device does not have such a rating, a magnetic starter shall be
used, with the automatic-control device actuating the pilot-control circuit.

When conbi nati on manual and automatic control is specified and the

aut omati c-control device operates the notor directly, a double-throw,
three-position tunbler or rotary switch shall be provided for the manual control;
when the automatic-control device actuates the pilot control circuit of a
magnetic starter, the latter shall be provided with a three-position sel ector

swi tch marked MANUAL- OFF- AUTOVATI C.  Connections to the selector switch shall be
such that only the normal automatic regulatory control devices will be bypassed
when the switch is in the Manual position; all safety control devices, such as

|l ow or high-pressure cutouts, high-tenperature cutouts, and notor-overl oad
protective devices, shall be connected in the notor-control circuit in both the
Manual and the Automatic positions of the selector switch. Control circuit
connections to any MANUAL- OFF- AUTOVATI C switch or to nore than one automatic
regul atory control device shall be nmade in accordance with wiring diagram
approved by the Contracting Oficer unless such diagramis included on the

drawi ngs. All controls shall be 120 volts or |ess unless otherw se indicated.

.11.1 Mot or Control Centers

Control centers shall be indoor type and shall contain conbination starters and
ot her equi pnent as indicated. Each control center shall be mounted on fl oor
sills or nounting channels. Each circuit shall have a suitable nmetal or

| ami nated plastic nanmeplate with white cut letters. Conbination starters shall
be provided with circuit breakers. Mtor control centers shall be provided with
a full-length ground bus bar.

.11.2 Cont act s

Unl ess ot herw se indicated, contacts in mscellaneous control devices such as
float switches, pressure switches, and auxiliary relays shall have current and
vol tage ratings in accordance with NEMA I CS 2 for rating designation B300.

.11.3 Safety Controls

Safety controls for boilers shall be connected to a 2-wire, 120 volt grounded
circuit supplied fromthe associ ated boil er-equi prent circuit. Wiere the boiler
circuit is nore than 120 volts to ground, safety controls shall be energized
through a two-w nding transfornmer having its 120 volt secondary wi ndi ng grounded.
Overcurrent protection shall be provided in the ungrounded secondary conductor
and shall be sized for the | oad encountered.

.12 MOTOR- DI SCONNECT MEANS

Each motor shall be provided with a disconnecting means when required by NFPA 70
even though not indicated. For single-phase notors, a single or double pole
toggle switch, rated only for alternating current, will be acceptable for
capacities |less than 30 anperes, provided the anpere rating of the switch is at

| east 125 percent of the notor rating. Swtches shall disconnect all ungrounded
conductors.

.13  TRANSFORMER | NSTALLATI ON
Thr ee- phase transforners shall be connected only in a delta-we or we-delta
configuration as indicated . "T" connections may be used for transformers rated

at 15 kVA or below. Dry-type transformers shown located within 1.5 neters of
the exterior wall shall be provided in a weatherproof enclosure. Transfornmers to
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be located within the building may be provided in the manufacturer's standard,
ventil ated i ndoor encl osure designed for use in 40 degrees C anbi ent tenperature,
unl ess ot herw se indi cat ed.

.14 LI GHTI NG FI XTURES, LAMPS AND BALLASTS

Thi s paragraph shall cover the installation of |anps, lighting fixtures and
ballasts in interior or building nounted applications.

.14.1 Lanps

Lanps of the type, wattage, and voltage rating indicated shall be delivered to
the project in the original cartons and installed just prior to project
conpletion. Lanps installed and used for working |ight during construction shal
be replaced prior to turnover to the Government if nore than 15% of their rated
life has been used. Lanps shall be tested for proper operation prior to
turn-over and shall be replaced if necessary with new | anps fromthe origina
manufacturer. 10% spare |anps of each type, fromthe origi nal manufacturer
shal | be provided

.14.2 Li ghting Fixtures

Fi xtures shall be as shown and shall conformto the follow ng specifications and
shall be as detailed on the drawings. |Illustrations shown on the draw ngs are

i ndicative of the general type desired and are not intended to restrict selection
to fixtures of any particular manufacturer. Fixtures of simlar designs and

equi val ent energy efficiency, light distribution and brightness characteristics
and of equal finish and quality will be acceptable if approved. In suspended
acoustical ceilings with fluorescent fixtures, the fluorescent enmergency |ight
fixtures shall be furnished with self-contained battery packs

.14.2.1 Accessori es

Accessories such as straps, nmounting plates, nipples, or brackets shall be
provi ded for proper installation.

.14.2.2 Ceiling Fixtures

Ceiling fixtures shall be coordinated with and suitable for installation in, on
or fromthe ceiling as shown. Installation and support of fixtures shall be in
accordance with NFPA 70 and nmanufacturer's reconmendations. Were seismc

requi renents are specified herein, fixtures shall be supported as shown or
specified. Recessed fixtures shall have adjustable fittings to permt alignnent
with ceiling panels. Recessed fixtures installed in fire-resistive ceiling
construction shall have the sane fire rating as the ceiling or shall be provided
with fireproofing boxes having materials of the sanme fire rating as the ceiling,
in conformance withUL Elec Const Dir. Surface-nounted fixtures shall be suitable
for fastening to the ceiling panel structural supports.

.14.2.3 Fi xtures for Installation in Gid Type Ceilings

Fi xtures for installation in grid type ceilings which are smaller than a ful
tile shall be centered in the tile. 305 by 1219 nm fixtures shall be nounted
along the grid rail as shown. Wik above the ceiling shall be coordi nated anong
the trades to provide the lighting | ayout shown. Fixtures nounted to the grid
shall have trimexactly conpatible with the grid. Contractor shall coordinate
trims with ceiling trades prior to ordering fixtures. Metric fixtures shall be
designed to fit the netric grid specified. Fixtures in continuous rows shall be
coordi nated between trades prior to ordering. Fixtures shall be nounted using

i ndependent supports capabl e of supporting the entire weight of the fixture. No
fixture shall rest solely on the ceiling grid. Recessed fixtures installed in
seismic areas should be installed utilizing specially designed seismc clips.
Junction boxes shall be supported at four points.
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3.14.2. 4 Suspended Fi xtures

Suspended fixtures shall be provided with swi vel hangers or hand-straights so
that they hang plunb. Pendants, rods, or chains 1.2 neters or |onger excluding
fixture shall be braced to prevent swayi ng using three cables at 120 degrees of
separation. Suspended fixtures in continuous rows shall have internal w reway
systens for end to end wiring and shall be properly aligned to provide a straight
and continuous row w t hout bends, gaps, light leaks or filler pieces. Aligning
splines shall be used on extruded al um numfixtures to assure hairline joints
Steel fixtures shall be supported to prevent "oil-canning" effects. Fixture
finishes shall be free of scratches, nicks, dents, and warps, and shall match the
color and gl oss specified. Pendants shall be finished to match fixtures.

Aircraft cable shall be stainless steel. Canopies shall be finished to match the
ceiling and shall be | ow profile unless otherwi se shown. Maxi mum di stance

bet ween suspension points shall be 3.1 neters or as recomended by the
manuf act urer, whi chever is | ess

Suspended fixtures installed in seisnmc areas shall have 45% sw vel hangers and
shall be located with no obstructions within the 45%range in all directions.
The stem canopy and fixture shall be capabl e of 45% swi ng.

3.14.3 Bal | asts

Renote type ballasts or transformers, where indicated, shall be nounted in a well
ventil ated, easily accessible |location, within the nmaxi mum operating di stance
fromthe | anp as designated by the manufacturer

3.14. 4 Emer gency Light Sets
Emergency light sets shall conformto UL 924 with the nunber of heads as
i ndicated. Sets shall be permanently connected to the wiring system by
conductors installed in short lengths of flexible conduit.

3.15 EQUI PMENT CONNECTI ONS
Wring not furnished and installed under other sections of the specifications
for the connection of electrical equipnent as indicated on the draw ngs shall be
furnished and installed under this section of the specifications. Connections
shall conmply with the applicable requirenents of paragraph WRI NG METHODS.
Fl exible conduits 2 m or less in length shall be provided to all electrica
equi pnent subject to periodic renoval, vibration, or novenent and for all notors.
Al'l notors shall be provided with separate grounding conductors. Liquid-tight
conduits shall be used in danp or wet |ocations.

3.15.1 Mot ors and Motor Contro
Motors, notor controls, and notor control centers shall be installed in
accordance with NFPA 70, the manufacturer's recomendati ons, and as indicated
Wring shall be extended to motors, notor controls, and notor control centers and
term nat ed.

3.15.2 Installation of Governnent- Furnished Equi pnent
Wring shall be extended to the equi prent and termni nated.

3.15.3 Food Service Equi pnent Provided Under Qther Sections
Wring shall be extended to the equi pment and terninated.

3.16 CIRCU T PROTECTI VE DEVI CES

The Contractor shall calibrate, adjust, set and test each new adjustable circuit
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protective device to ensure that they will function properly prior to the initial
energi zati on of the new power system under actual operating conditions.

.17 PAI NTI NG AND FI NI SHI NG

Fi el d-appl i ed pai nt on exposed surfaces shall be provided under Section 09900
PAI NTS AND CQATI NGS.

.18 REPAI R OF EXI STI NG WORK

The work shall be carefully laid out in advance, and where cutting, channeling,
chasing, or drilling of floors, walls, partitions, ceiling, or other surfaces is
necessary for the proper installation, support, or anchorage of the conduit,
raceways, or other electrical work, this work shall be carefully done, and any
danage to building, piping, or equipnent shall be repaired by skilled nechanics
of the trades involved at no additional cost to the Governnent.

.19 FI ELD TESTI NG

Field testing shall be performed in the presence of the Contracting Oficer. The
Contractor shall notify the Contracting O ficer 30 days prior to conducting
tests. The Contractor shall furnish all materials, |abor, and equi pnent
necessary to conduct field tests. The Contractor shall performall tests and

i nspection recommended by the manufacturer unless specifically waived by the
Contracting Oficer. The Contractor shall nmaintain a witten record of all tests
whi ch includes date, test perfornmed, personnel involved, devices tested, serial
nunber and nanme of test equipnent, and test results. Al field test reports will
be signed and dated by the Contractor

.19.1 Saf ety

The Contractor shall provide and use safety devices such as rubber gl oves,
protective barriers, and danger signs to protect and warn personnel in the test
vicinity. The Contractor shall replace any devices or equi pment which are
danaged due to inproper test procedures or handling.

.19.2 G ound- Resi st ance Tests

The resi stance of each groundi ng el ectrode system shall be neasured using the
fall-of-potential nmethod defined in IEEE Std 81. Soil resistivity in the area of
the grid shall be nmeasured concurrently with the grid measurenents. G ound

resi stance neasurenents shall be nade before the electrical distribution system
is energi zed and shall be made in nornally dry conditions not |ess than 48 hours
after the last rainfall. Resistance nmeasurements of separate groundi ng el ectrode
systens shall be nade before the systenms are bonded together bel ow grade. The
conbi ned resi stance of separate systems may be used to neet the required
resistance, but the specified nunber of electrodes nust still be provided

a. Single rod electrode - 25 ohns.

.19.3 G ound-Gid Connection |Inspection

Al'l bel ow grade ground-grid connections will be visually inspected by the
Contracting O ficer before backfilling. The Contractor shall notify the
Contracting O ficer 32 hours before the site is ready for inspection.

.19.4 Cabl e Tests

The Contractor shall be responsible for identifying all equi pnent and devi ces

that could be danaged by application of the test voltage and ensuring that they
have been properly di sconnected prior to performng insulation resistance
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testing. An insulation resistance test shall be perfornmed on all |ow and medi um
vol tage cables after the cables are installed in their final configuration and
prior to energization. The test voltage shall be 500 volts DC applied for one

m nut e between each conductor and ground and between all possible conbinations of
conductors. The m ni num val ue of resistance shall be:

R in megohnms = (rated voltage in kV + 1) x 304.8/(length of cable in meters)

Each cable failing this test shall be repaired or replaced. The repaired cable
systemshall then be retested until failures have been elim nated

3.19.4.1 Medi um Vol t age Cabl e Tests
a. Continuity test.
b. Insulation resistance test.
c. DC high-potential test.
3.19.4.2 Low Vol t age Cabl e Tests
a. Continuity test.
b. Insulation resistance test.
3.19.5 Met al Encl osed Bus Duct Tests
a. Insulation Resistance phase-to-phase, all conbinations.
b. Insulation resistance phase-to-ground, each phase.
c. AC or DC high-potential test.
d. Phase rotation test.
3.19.6 Mot or Tests
a. Phase rotation test to ensure proper directions.
b. Operation and sequence of reduced voltage starters.
c. High potential test on each wi nding to ground
d. Insulation resistance of each wi nding to ground.
e. Vibration test.
f. Dielectric absorption test on notor.
3.19.7 Dry-Type Transforner Tests

The following field tests shall be performed on all dry-type transforners 30 kVA
and above.

a. Insulation resistance test phase-to-ground, each phase.

b. Turns ratio test.

3.19.8 Circuit Breaker Tests
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The following field tests shall be performed on circuit breakers.
3.19.8.1 Circuit Breaker Tests, Medium Voltage
a. Insulation resistance test phase-to-phase, all conbinations.
b. Insulation resistance tests phase-to-ground, each phase.
c. O osed breaker contact resistance test.
d. Power factor test.
e. High-potential test.
f. Mnual and electrical operation of the breaker.
3.19.8.2 Circuit Breakers, Low Voltage
a. |Insulation resistance test phase-to-phase, all conbinations.
b. Insulation resistance test phase-to-ground, each phase.
c. O osed breaker contact resistance test.
d. Manual and electrical operation of the breaker.
3.19.8.3 Circuit Breakers, Ml ded Case
a. Insulation resistance test phase-to-phase, all conbinations.
b. Insulation resistance test phase-to-ground, each phase.
c. O osed breaker contact resistance test.
d. Manual operation of the breaker
3.19.9 Mot or Control Centers
a. |Insulation resistance test phase-to-phase, all conbinations.
b. Insulation resistance test phase-to-ground, each phase.
c. Mnual and electrical operational tests
3.20 OPERATI NG TESTS
After the installation is conpleted, and at such tine as the Contracting Oficer
may direct, the Contractor shall conduct operating tests for approval. The
equi pnent shall be denobnstrated to operate in accordance with the specified
requi renents. An operating test report shall be submitted in accordance with
par agr aph FI ELD TEST REPORTS
3.21 FI ELD SERVI CE
3.21.1 Onsite Training
The Contractor shall conduct a training course for the operating staff as
designated by the Contracting Oficer. The training period shall consist of a
total of 8 hours of normal working time and shall start after the systemis
functionally conpleted but prior to final acceptance tests. The course

instruction shall cover pertinent points involved in operating, starting,
st oppi ng, servicing the equipment, as well as all major elenments of the operation
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and mai ntenance manuals. Additionally, the course instructions shall denonstrate
all routine maintenance operations. A CD format video of the entire training
shal | be submtted

.21.2 Installation Engi neer

After delivery of the equipnent, the Contractor shall furnish one or nore field
engi neers, regularly enployed by the equi prent nmanufacturer to supervise the
installation of equipnent, assist in the performance of the onsite tests, oversee
initial operations, and instruct personnel as to the operational and mai ntenance
features of the equipnent.

.22  ACCEPTANCE

Fi nal acceptance of the facility will not be given until the Contractor has
successfully conpleted all tests and after all defects in installation, material
or operation have been corrected

-- End of Section --
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