T
1. CONTRACT ID CODE PAGE OF PAGES

AMENDMENT OF SOLICITATION/MODIFICATION OF CONTRACT 1| 3

2. AMENDMENT/MODIFICATION NO. 3. EFFECTIVE DATE 4. REQUISITION/PURCHASE REQ. NO. 5. PROJECT NO. (If applicable)
0002 3 AUG 2000

6. ISSUED BY CODE 7. ADMINISTERED BY (/f other than Item 6) CODE

US ARMY ENGINEER DISTRICT, FORT WORTH
ATTN: CESWF-CT (RM 2A19)

PO BOX 17300

FORT WORTH, TX 76102-0300

8. NAME AND ADDRESS OF CONTRACTOR (No., street, county, State and ZIP Code) (X) |9A. AMENDMENT OF SOLICIATION NO.

DACAG63-00-B-0024

E 9B. DATED (SEE ITEM 11)
12 JULY 2000

10A. MODIFICATION OF CONTRACT/ORDER NO.

D 10B. DATED (SEE ITEM 11)

CODE |FACILITY CODE

11. THIS ITEM ONLY APPLIES TO AMENDMENTS OF SOLICITATIONS

@ The above numbered solicitation is amended as set forth in Item 14. The hour and date specified for receipt of Offers D] is extended, @ is not extended.
Offers must acknowledge receipt of this amendment prior to the hour and date specified in the solicitation or as amended, by one of the following methods:
(a)By completing items 8 and 15, and returning 1 copies of the amendment; (b) By acknowledging receipt of this amendment on each copy of the offer submitted;

or (c) By separate letter or telegram which includes a reference to the solicitation and amendment numbers. FAILURE OF YOUR ACKNOWLEDGMENT TO BE RECEIVED AT
THE PLACE DESIGNATED FOR THE RECEIPT OF OFFERS PRIOR TO THE HOUR AND DATE SPECIFIED MAY RESULT IN REJECTION OF YOUR OFFER. If by virtue of this
amendment your desire to change an offer already submitted, such change may be made by telegram or letter, provided each telegram or letter makes reference to the
solicitation and this amendment, and is received prior to the opening hour and date specified.

12. ACCOUNTING AND APPROPRIATION DATA (If required)

13. THIS ITEM ONLY APPLIES TO MODIFICATION OF CONTRACTS/ORDERS.
IT MODIFIES THE CONTRACT/ORDERNO. AS DESCRIBED IN ITEM 14.

CHECK ONE |A. THIS CHANGE ORDER IS ISSUED PURSUANT TO: (Specify authority) THE CHANGES SET FORTH IN ITEM 14 ARE MADE IN THE CONTRACT ORDER
. NO. IN ITEM 10A.

B. THE ABOVE NUMBERED CONTRACT/ORDER IS MODIFIED TO REFLECT THE ADMINISTRATIVE CHANGES (such as changes in paying office,
appropriation date, etc.) SET FORTH IN ITEM 14, PURSUANT TO THE AUTHORITY OF FAR 43.103(b).

C. THIS SUPPLEMENTAL AGREEMENT IS ENTERED INTO PURSUANT TO AUTHORITY OF:

D. OTHER (Specify type of modification and authority)

E. IMPORTANT: ContractorD is not, D is requiredto signthisdocumentandreturn —__ copiesto the issuingoffice.

14. DESCRIPTION OF AMENDMENT/MODIFICATION (Organized by UCF section headings, including solicitation/contract subject matter where feasible.)
The Solicitation for AIRCRAFT LOADING APRON, PROJECT NO. 44920, FORT BLISS, TEXAS, is amended as follows:

See Continuation Sheet.

NOTE: The Bid Opening date and time remain "17 August 2000, at 2 p.m., local time," as previously announced.

Except as provided herein, all terms and conditions of the document referenced in Item 9A or 10A, as heretofore changed, remains unchanged and in full force and effect.

15A. NAME AND TITLE OF SIGNER (Type or print) 16A. NAME AND TITLE OF CONTRACTING OFFICER (Type or print)

15B. CONTRACTOR/OFFEROR 15C. DATE SIGNED |16B. UNITED STATES OF AMERICA 16C. DATE SIGNED
(Signature of person authorized to sign) (Signature of Contracting Officer)

NSN 7540-01-152-8070 STANDARD FORM 30 (REV. 10-83)

Previous edition unusable Prescribed by GSA FAR (48 CFR) 53.243



Iltem 14. Continued.
CHANGES TO THE SPECIFICATIONS

1. Replace the following sections with the accompanying new sections of the same number and title,
bearing the notation "ACCOMPANYING AMENDMENT NO. 0002 TO SOLICITATION NO. DACA63-00-B-
0024:"

SECTION 01000 CONSTRUCTION SCHEDULE

SECTION 02776 LINING SYSTEMS

SECTION 16264 DIESEL-GENERATOR SET, STATIONARY 15-300 KW, STANDBY APPLICATIONS
SECTION 16375 ELECTRICAL DISTRIBUTION SYSTEM, UNDERGROUND

SECTION 16410 AUTOMATIC TRANSFER SWITCH AND BY-PASS/ISOLATION SWITCH

SECTION 16526 AIRFIELD AND HELIPORT LIGHTING AND VISUAL NAVIGATION AIDS

2. Replace SECTION 16403 MOTOR CONTROL CENTERS, SWITCHBOARDS AND PANELBOARDS
with the accompanying new section SECTION 16403 PANELBOARDS, bearing the notation
"ACCOMPANYING AMENDMENT NO. 0002 TO SOLICITATION NO. DACA63-00-B-0024:"

CHANGES TO THE DRAWINGS

3. New Drawings.- The new drawings listed below which accompanies this amendment, bearing the
notation "AM #0002" shall be added to and become a part of the contract documents:

e022A_2.CAL Seq 141A E22A APRON LIGHTING CONTROL DETAILS 1
e022B_2.CAL Seq 141B E22B APRON LIGHTING CONTROL DETAILS 2
e027A_2.CAL Seq 146A E27A MISC. ELECTRICAL DETAILS

4. Replacement Drawings.- Replace the drawings listed below with the attached new drawings(s) of the
same number, bearing the notation "AM #0002":

g002_2.CAL Seq00 G2 MAIN INDEX OF DRAWINGS

C026_2.CAL Seq26 C26 STAKING PLAN 1

C060_2.CAL Seq60 C60 EROSION CONTROL PLAN 1

C063 2.CAL Seq63 C63 EROSION CONTROL DETAILS

FOO1 2.CAL Seq99 F1 FIRE TRAINING SITE PLAN

F002_2.CAL Seq100 F2 FIRE TRAINING FACILITY EROSION CONTROL PLAN
HO04 2.CAL Seq 114 H4 BURN PIT EROSION CONTROL PLAN
e002_2.CAL Seq121 E2 LEGEND & SYMBOLS

e003_2.CAL Seq 122 E3 CONDUIT & SIGN SCHEDULES

e007_2.CAL Seq 126 E7 TAXIWAY EDGE LIGHT AREA 2

e009_2.CAL Seq 128 E9 TAXIWAY EDGE LIGHT AREA 4

e010_2.CAL Seq 129 E10 TAXIWAY EDGE LIGHT AREA 5

e011_2.CAL Seq 130 E11 TAXIWAY EDGE LIGHT AREA 6

e015 _2.CAL Seq 134 E15 VAULT EQUIPMENT LOCATIONS

e016_2.CAL Seq 135 E16 VAULT RISER DIAGRAM

e017_2.CAL Seq 136 E17 EXTERIOR DETAILS SHEET

e018 2.CAL Seq 137 E18 EDGE LIGHT DETAILS

e019_2.CAL Seq138 E19 APRON LIGHTING SITE PLAN AND CONDUIT ROUTING
e021_2.CAL Seq 140 E21 APRON LIGHTING AIMING DIAGRAMS
e022_2.CAL Seq 141 E22 APRON LIGHTING POLE & LUMINARE DETAILS
e023 2.CAL Seq 142 E23 COMMUNICATIONS & CCTV SITE PLAN

Ami2 Page 2 of 3



e024_2.CAL
e025_2.CAL
e026_2.CAL
e027_2.CAL
e028_2.CAL
e034_2.CAL

A2

Seq 143
Seq 144
Seq 145
Seq 146
Seq 147
Seq 153

E24
E25
E26
E27
E28
E34

CCTV MOUNTING DETAILS

COMMUNICATIONS CCTV & APRON LIGHTING CONTROLS
ELECTRICAL ONE-LINE & SCHEMATICS

POWER DISTRIBUTION DETAILS

PANELBOARD SCHEDULES

FIRE TRAINING FACILITY ELECTRICAL DETAILS - 2

END OF AMENDMENT
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Ft Bliss Aircraft Loadi ng Apron, Project No. 44920 FBACA
ACCOMPANY! NG AMENDMVENT NO. 0002 TO SOLI Cl TATI ON NO. DACA63-00- B- 0024

SECTI ON 01000

CONSTRUCTI ON SCHEDULE
01/ 2000

PART 1 GENERAL
1.1 SCHEDULE
Comrence, prosecute, and conplete the work under this contract in

accordance with the follow ng schedul e and Secti on 00700 CONTRACT CLAUSES
COVMENCEMENT, PROSECUTI ON AND COMPLETI ON OF WORK and LI QUI DATED DAMAGES

Comrencenent Conpl eti on Li qui dat ed
of Work of Work Damages
(cal endar (cal endar per cal endar
ltem of Work days) days) day
(1) Al work Wthin 10
not otherw se days after
listed in other recei pt of
items of work Notice to
Proceed 360 $2775. 00
(2) Phase 1 Not before
(See sequence of 1 May 2001
construction notes except noving
on dr awi ngs) nock- ups and
above ground
tanks whi ch
may start earlier
with Item (1) 30
after start
of item (2)

and no | ater
than the conpl e-
tion of item (1) $2775.00

(3) Phase 3
(See sequence of
construction notes

on dr awi ngs) --- 60
after start
of item (3)

and no | ater
than the conpl e-
tion of item (1) $2775.00

(4) Establishnment
of Turf * * .

Li qui dat ed danages are not accunmul ati ve.

SECTI ON 01000 Page 1



Ft Bliss Aircraft Loadi ng Apron, Project No. 44920 FBACA
ACCOMPANY! NG AMENDMVENT NO. 0002 TO SOLI Cl TATI ON NO. DACA63-00- B- 0024

*Est abl i shnment of Turf

Pl anti ng and mai ntenance for turfing shall be in accordance with
Section 02933 ESTABLI SHVENT OF TURF . No paynment will be nade for
establi shment of turf until all requirenments of the section are
adequately perfornmed and accepted, as determi ned by the Contracting
Oficer.

1.1.1 Testing of Heating and Air-Conditioning Systens

The tinmes stated for conpletion of this project includes all required
testing specified in appropriate specification sections of heating, air
condi tioning and ventilation systens includi ng H/AC Conmmi ssi oni ng
Exception: boiler conbustion efficiency test, boiler full |oad tests,
cooling tower performance tests, and refrigeration equi pnent full |oad
tests, when specified in the applicable specifications, shall be preforned
in the appropriate heating/cooling season as determ ned by the Contracting
Oficer.

1.2  TIME EXTENSI ONS FOR UNUSUALLY SEVERE WEATHER ( OCT 1989)
(ER 415-1- 15) (52. 0001- 4038 1/ 96)

a. This provision specifies the procedure for determi nation of tine
extensions for unusually severe weather in accordance with the contract
clause entitled "Default: (Fixed Price Construction).” In order for the
Contracting Officer to award a tinme extension under this clause, the
followi ng conditions nust be satisfied

(1) The weat her experienced at the project site during the contract period
must be found to be unusually severe, that is, nore severe than the adverse
weat her anticipated for the project |ocation during any given nonth.

(2) The unusual ly severe weat her nust actually cause a delay to the
conpletion of the project. The delay nust be beyond the control and
without the fault or negligence of the contractor

b. The follow ng schedule of nonthly anticipated adverse weat her del ays
due to precipitation and tenperature is based on National Oceanic and
At mospheric Admi nistration (NOAA) or sinmlar data for the project |ocation
and will constitute the base line for nonthly weather tinme eval uations.
The contractor's progress schedul e nust reflect these antici pated adverse
weat her delays in all weather dependent activities. Wnd is not considered
in the Monthly Anticipated Adverse Weat her Cal endar Day Schedul e

MONTHLY ANTI Cl PATED ADVERSE WEATHER DELAY
WORK DAYS BASED ON (5) DAY WORK WEEK

JAN FEB MAR APR MAY JUN JUL AUG  SEP oCT NOv  DEC
1 1 1 1 2 1 3 3 2 1 1 2

c. Upon acknow edgnent of the Notice to Proceed (NTP) and continuing
t hroughout the contract, the contractor will record on the daily CQC
report, the occurrence of adverse weather and resultant inpact to normally
schedul ed work. Actual adverse weat her delay days nust prevent work on
critical activities for 50 percent or nore of the contractor's schedul ed

SECTI ON 01000 Page 2



Ft Bliss Aircraft Loadi ng Apron, Project No. 44920 FBACA
ACCOMPANY! NG AMENDMVENT NO. 0002 TO SOLI Cl TATI ON NO. DACA63-00- B- 0024

1

wor k day.

The nunber of actual adverse weat her delay days shall include days inpacted
by actual adverse weather (even if adverse weather occurred in previous
nmont h), be cal cul ated chronologically fromthe first to the |ast day of

each nonth, and be recorded as full days. If the nunber of actual adverse
weat her del ay days exceeds the nunber of days anticipated in paragraph "b",
above, the Contracting O ficer will convert any qualifying delays to

cal endar days, giving full consideration for equivalent fair weather work
days, and issue a nodification in accordance with the contract cl ause
entitled "Default (Fixed Price Construction)."

.3 CONSTRUCTI ON PHASI NG

.3.1 Phasi ng Requi renents

The work to be phased as noted on the draw ngs.
4  WORK RESTRI CTI ONS

1.4.1 Wor ki ng Hours

The normal duty working shift shall be Mnday through Friday, 07:00 a.m -
05: 00 p.m Any revisions to these normal hours during certain seasons to
facilitate concrete paving operations must be requested in witing at |east
14 days in advance to the Contracting Oficer's Representative

. 4.2 Joi nt Gccupancy

The work associated with the relocation of the fire
training site cannot occur until the batch plant from
contract DACA63-99-C-0044 is relocated on
approxi mately January 1, 2000. The fire departnent
nmust be notified 24 hours in advance of this work
bei ng acconplished. Contact Chief Krieger (915) 568-
8887 and the contracting officer's representative

.4.3 Access

Access to the runway area will be restricted. The
contractor nust keep personnel and equi pnent outside
of the limts of the glide path unless prior approva
is received fromthe contract officer's representative.

.5 UTI LI TI ES

.5.1 Payment for Uility Services (FAR 36.303(C)(6))

Water, gas, and electricity are not available from Governnent - owned and
operated systens.

.5.1.1 Meters and Tenporary Connecti ons

The Contractor, at its expense and in a manner satisfactory to the
Contracting Oficer, shall provide and maintain necessary tenporary

SECTI ON 01000 Page 3



Ft Bliss Aircraft Loadi ng Apron, Project No. 44920 FBACA
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connections, distribution lines, and neter bases (Governnent will provide
neters) required to neasure the ampunt of each utility used for the purpose
of determ ning charges. The Contractor shall notify the Contracting
Oficer, in witing, 5 working days before final electrical connection is
desired so that a utilities contract can be established. The Governnent
will provide a neter and make the final hot connection after inspection and
approval of the Contractor's tenporary wiring installation. The Contractor
shall not make the final electrical connection

1.5.1.2 Advance Deposit

An advance deposit for utilities consisting of an estinmated nonth's usage
or a mnimum of $50.00 will be required. The last nonthly bills for the
fiscal year will normally be offset by the deposit and adjustnents will be
billed or returned as appropriate. Services to be rendered for the next
fiscal year, beginning 1 Cctober, will require a new deposit. Notification
of the due date for this deposit will be mailed to the Contractor prior to
the end of the current fiscal year

1.5.1.3 Fi nal Meter Reading

Before conpletion of the work and final acceptance of the work by the
Governnment, the Contractor shall notify the Contracting O ficer, in
writing, 5 working days before termnation is desired. The Governnent will
take a final neter reading, disconnect service, and renpve the neters. The
Contractor shall then renove all the tenporary distribution |ines, neter
bases, and associ ated paraphernalia. The Contractor shall pay al
outstanding utility bills before final acceptance of the work by the

Gover nnent .

1.5.2 Qut ages
The Contractor shall coordinate all requests for utility outages with the
Contracting Officer in witing 21 days prior to date

of requested outage

a. Water, gas, steam and sewer outages shall be held to a
mexi mum dur ati on of 4 hours unless otherw se approved in writing.

b. El ectrical outages shall have a maxi num duration of 4 hours.

c. Al utility outages shall be schedul ed only on Saturdays,
Sundays, or holidays unless specific approval is otherw se received.

1.6 STREET CLOSI NGS

The Contractor shall coordinate all requests for street closings with the
Contracting Officer in witing 10 days prior to date of requested outage

a. One lane traffic shall be maintained at all times (except
that a total closing may be allowed for specific 8-hour periods).

b. The final street repair shall be conpleted within 14 days
after the start of any street crossing. Any part of the street
returned to service prior to final repair shall be maintai ned snooth
with hot-m x cold-lay surface course.

SECTI ON 01000 Page 4
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PART 2 PRODUCTS ( NOT USED)
PART 3 EXECUTI ON ( NOT USED)

-- End of Section --

SECTI ON 01000 Page 5
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ACCOMPANY! NG AMENDMVENT NO. 0002 TO SOLI Cl TATI ON NO. DACA63-00- B- 0024

SECTI ON 02776
LI NI NG SYSTEMS
AMENDMENT 0002
PART 1 GENERAL
The lining system described within this specification covers lining
requi renents for the burn pit, pipe trench and water conservation pond at
the new Fire Training Facility.
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

desi gnation only.

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

ASTM D 638M (1997) Tensile Properties of Plastics
(Metric)

ASTM D 746 (1995) Brittleness Tenperature of Plastics
and El astonmers by | nmpact

ASTM D 751 (1979) Coated Fabrics

ASTM D 1004 (1994a) Initial Tear Resistance of Plastic

Fi | m and Sheeting

ASTM D 1149 (1986) Rubber Deterioration - Surface
Ozone Cracking in a Chanber

ASTM D 1204 (1984) Linear Dinensional Changes of
Nonri dgi d Thernopl astic Sheeting or Film
at El evated Tenperature

ASTM D 1238 (1982) Flow Rates of Thernopl astics by
Extrusi on Plastoneter, Test Method

ASTM D 1505 (1985) Standard Test Method for Density of
Pl astics by the Density-G adi ent

ASTM D 1557 (1991) Laboratory Conpaction
Characteristics of Soil Using Mdified
Effort (56,000 ft-Ibf/cu. ft. (2,700

KN-m cu. m))
ASTM D 1603 (1994) Carbon Black in Oefin Plastics
ASTM D 3083 (1976 R 1980) Flexible Poly (Viny

Chl oride) Plastic Sheeting for Pond,
Canal, and Reservoir Lining

ASTM D 3776 (1996) Mass Per Unit Area (Weight) of
Woven Fabric

SECTI ON 02776 Page 1
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Project No. 44920

FBACA

ACCOVPANYI NG AMENDMENT NO. 0002 TO SOLI CI TATI ON NO. DACA63- 00- B- 0024

1.

2 SUBM TTALS

Gover nment approval
subm ttals having an "FI O
foll owi ng shall
PROCEDURES:

SD- 01 Dat a
Fl exi bl e nenbrane liner; FIO
Dr ai nage net; FIO
Geotextile filter fabric; FIO
Splicing cenent; FIO
Penetration sl eeves; FIO
Her bi ci de; FI O

SD- 04 Dr awi ngs
Li ner system FIO
I ndi cat e sheet and seam | ayout,

SD-06 Instructions
Liner; FIO
Seam ng adhesive; FIO
Application; FIO
Protection; FIO
Corrections; FIO

SD-06 | nstructions

Manuf acturer's Installation Instructions,

SD-13 Certificates
Liner; FIO

Filter fabric; FIO

.3 DELI VERY AND STORAGE

Del i ver

is required for
desi gnation are for
be submitted in accordance with Section 01330 SUBM TTAL

anchorage details,

Procedur es,

submttals with a "GA" designati on;
i nformation only.

The

and penetration details.

and Requirenents; FIO

liner with bentonite coating and filter fabric to site in | argest

sizes possible to mnimze field seam ng. Protect from sunlight and other

ul travi ol et

extrenme cold or heat.

SECTI ON 02776

i ght sources during storage.

Page 2
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Ft Bliss Aircraft Loadi ng Apron, Project No. 44920 FBACA
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pol yet hyl ene or canvas covering. Do not place liner with bentonite coating
material in flooded areas or during precipitation. Provide |liner and
contai ners that have the manufacturer's |abel and identify type of naterial.
PART 2 PRODUCTS
2.1 LI NER
2.1.1 Hi gh-density pol yethylene (HDPE) |iner materi al
Hi gh-density pol yethylene (HDPE) flexible nmenbrane liner with sodium
bentonite coating and netting reinforcenent, average total conposite

thickness of 1.37 nm (54 mls). Liner (HDPE) material shall be in
accordance with the foll ow ng:

Property Test Met hod M ni mum Requi renent s
Total Overall Thickness ASTM D 1505 1.52 mm (60 m|s)
M ni mum Tensi |l e Properties ASTM D 638M Type |V

(each Direction):
a. Tensile Strength at Break 28. 26N ' m wi dt h
b. Tensile Strength at Yield 16. 95N/ m wi dt h
c. Elongation @Break 750%
d. Elongation @Yield 13%
e. Modules of Elasticity 620 MPa
Tear Resistance Initiation ASTM D 1004 DIE C 209N m ni num
Low Tenperature Brittl eness ASTM D 746 Procedure B M nus 34.4 deg C
Tensil e Properties ASTM D 1204 M ni num

(Each Direction)

(Each Direction) +/ - 1% max change
Resi stance to Soil Buri al ASTM D 3083 using Max. - hange in

ASTM D 638M Type IV Origi nal Val ue

Tensile Strength @ @ change +/ - 10%

Break and Yield

Ozone Resi stance ASTM D 1149 No
7 Days 100 PPHWVk 104 Degrees F Cracks
Magni fication 7X

Puncture Resi stance FTMS 101B 105 400 N
Met hod 2065
Hydrostati c Resi stance ASTM D 751 3413 kPa

(I'bs inch Square) Method A
Procedure 1

SECTI ON 02776 Page 3
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2.1.2 Bent onite Coating

Provi de coating containing sodiumbentonite material firmy attached to one
| ayer of high density polyethylene (HDPE), with a m ni rum of one pound of
evenly distributed bentonite per square foot. This fornms a single conposite
liner. The bentonite coating shall be rolled form a mnimmof 3 mm (1/8
inch thick) in dry state.

2.1.2.1 Conposition of Bentonite

Provi de hi gh-swel ling, sodium bentonite containing a m ninmm of 90 percent
montnorillonite and a maxi nrum of 10 percent of unaltered vol canic ash or
ot her native sedinents. Free swell rate shall be two grans of granul ar
bentonite sifted into deionized water swell to occupy a m ni num vol une of
16 cubic centineters.

2.1.2.2 Active Ingredients

Hydrous silicate of alum na, conposed of the follow ng chem cal percentages
and their allowabl e deviations:

Silica 61.0 +- 3.0
Al unmi na 19.5 + 1.5
I ron oxide 5.0 +- 1.0
Magnesi a 2.8 +- 0.4
Soda and potash oxi des 2.4 + 0.7
Cal ci um oxi de 0.6 + 0.5
Mol ecul ar wat er 6.1 +- 0.6
M nor 2.6 +- 0.6
Bul k Density 2131353 Kg/ nt
Dry Particle Size 20-50 Mesh

2.1.3 Drai nage Net Materia

Hi gh-density pol yet hyl ene, HDPE nesh in accordance with the foll ow ng:

Property Test Met hod M ni mum Requi renent s
Wi ght Per Square Foot ASTM D 1505 9.57x10 °kPa
(0.20 I bs./sq.ft.)
Specific Gravity (G cubic cm ASTM D 1505 > 0.94
Melt Flow I ndex (g/10 min.) ASTM D 1238 < 0.25
Thi ckness M cronet er 5.0 - 6.0 mMm
Measur ement at 200 ml - 265 m |l
Strand I ntersection 5-7 mm
Percent Carbon Bl ack ASTM D 1603 2 -3%
Tensile Break Strength (51 nm x 127 mm speci men

pull ed apart at 51 nm m nute)

Machi ne/ Rol | Direction 222N
Cross Direction 133N

SECTI ON 02776 Page 4
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Property Test Met hod M ni mum Requi renent s
UV Stability Resi stant to WV
Transm ssivity (m ninum 479 kPa conpressive 10 g/min./ft.

| oad between two | ayers or

of HDPE | i ner; 0.25 0.002 sg. m sec.

Hydraul i ¢ Gradi ent
2.1. 4 Filter Fabric Materia

a. Nonwoven fabric manufactured from material whose use is conpatible
wi th petrol eum products.

b. Mnimmpuncture strength of fabric equal to or greater than 534 N
(120 I b) when tested in accordance with ASTM 751 nodified by using
8 mm (5/16 inch)-diamcylinder

c. Mnimm wei ght of fabric equal to or greater than 4 oz./sq.yd. as
determ ned by ASTM D 3776.

d. Equival ent opening size in fabric, mninmm 100 and maxi mum 50, as
determ ned by Corps of Engi neers, Guide Specification CW02215.

2.2 SPLI CI NG CEMENT

Provi de seam ng adhesive as recomended by manufacturer to be conpatible
with type of liner used

2.3 PENETRATI ONS

Provide and install in accordance with manufacturer's standard factory
fabricated penetration assenbli es.

PART 3 EXECUTI ON

3.1 SURFACE PREPARATI ON

3.1.1 Soil or Granul ar Subgrade
Prepare subgrade in accordance with Section 02300, EARTHWORK. Renpve
vegetation, boul ders and rocks larger than 20 mm (3/4 inch) in size and
ot her sharp objects. Fill in holes, including stake holes. Inspect subgrade
surface and correct defects prior to continuing construction. Do not
proceed with liner installation until sub-surface is acceptable to
manuf acturers requirenents.

3.2 CLEANI NG OF LI NER MATERI AL

Clean liner sheets of dust, dirt, and other foreign matter. Carefully clean
area (both mating surfaces) of seans.

3.3 FI LTER FABRI C | NSTALLATI ON

a. Apply fabric to surface with sufficient slack to prevent tearing
when cover material is placed.

SECTI ON 02776 Page 5
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b. Lap fabric edges a m nimum of 305 mm (12 inches) to prevent
separation at edges when COVER MATERI AL is pl aced.

c. Lap end joints a mninmmof 914 mm (3 feet).

d. Place a m nimm of 152 mm (6 inches) of cover material over fabric
prior to operating equi pnent on fabric-covered area.

3.4 LI NER | NSTALLATI ON
3.4.1 Pl acenent

Installation of liner and drai nage net, including penetration seals and
field joints, to be performed in accordance with manufacturers' draw ngs
and detailed instruction

3.5 ANCHORAGE
3.5.1 Earth Anchorage

Make perineter trench as indicated. After installation of liner in
reservoir is conplete, place liner in perineter trench. Backfill trench

3.5.2 Protection

Provi de protection to the bentonite liner during backfilling and conpaction
as recommended by the manufacturer of bentonite materials. If backfill is
not imedi ately applied, protect panels agai nst precipitation by covering
tenmporarily with polyethyl ene. Replace damaged panels with new panel s
before and during backfilling and conpaction. As a m ninmum backfill shal
be conpacted to 85 percent of ASTM D 1557 maxi num density.

3.6 BACKFI LL OVER LI NER

Cover installed liner with earth to depth indicated. Place earth on |liner
usi ng rubber tired vehicles. Drive only on earth cover. Correct any danmage
to liner caused by covering operations.

3.7 CORRECTI ON

Repair | eaks and defective areas in accordance wi th manufacturer's
reconmendat i ons.

3.8 FI ELD QUALI TY CONTROL
3.8.1 I nspection

A2

I nspect conpleted filter fabric and liner for pinholes, punctures, and
tears seans and joints for unbonded areas. Repair defects as specified by
t he manufacturer. Engi neer shall observe conditions of subbase and |iner
prior to installation. Inspect for uniform 305 mm (12 inch) overl ap of
seans and observe that backfill is not causing seans to open

3.8.2 Filter Fabric Quality Contro
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a. Inspect fabric to ensure edges have been | apped properly.
b. Inspect fabric for torn or damaged areas.
3.8.3 Liner Quality Contro

a. Manufacturing. The quality control (QC) plan submitted by the

i ner manufacturer shall provide for certification that all [|iner
and nmesh materials shipped to the site nmeet the follow ng m ni mum
criteria:

1. Al material is HDPE in accordance with the manufacturers
speci fication.

2. Menbrane sheets are free fromleaks and pinhol es.

3. Al HDPE neets the requirements of EPA Test Procedure 9090 for
exposure to JP-4.

4. Al factory welds are leak free in accordance with Nationa
Sani tation Foundation Standard 54 for Flexible Menbrane Liners,
dat ed Novenber 1983.

5. Material thickness is as specified.

6. Tensile strength for each lot of material is within
speci fication.

b. Installation. The liner shall be installed by the Iiner
manuf acturer in accordance with the subnmtted QC plan for
installation. The following QC actions shall be required as a
m ni mum

1. Al field welds shall be permanently marked with an
i dentification nunber.

2. Al field welds shall be |leak tested and certified to be | eak
free.

3. Tensile tests shall be performed on sanples taken from both
ends of each field weld. If either test is out of specification
the entire weld shall be repaired.

4. The FM. shall be protected from above by 150 mm of sand t hat
is free fromrock, fractured stone, debris, rubble, rubbish, and
roots or by multiple layers of filter fabric.

5. The FM. shall be protected from bel ow by 150 mm of sand t hat
is free fromrocks, fractured stone, debris, rubble, rubbish,
roots, or other sharp objects. The surface shall be snooth,
conpacted, uniform and free from sudden changes in grade.

6. There shall be no bridging or stressed conditions in the |iner
7. Tears, punctures, or other defects in the liner shall be

repaired, tested, and certified to be |leak-free by the installer
at no cost to the Governnent.
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c. Certification. The manufacturer/installer shall provide signed
check sheets verifying that all manufacturing and installation QC
requi renments have been nmet. The field check sheets shall al so be
signed by the Conpany to indicate acceptance of received
materials, subsurface preparation, field welds, and field weld
| eak tests.

-- End of Section --
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SECTI ON 16264
Dl ESEL- GENERATOR SET, STATI ONARY 15- 300 KW STANDBY APPLI CATI ONS
02/ 99
AMENDMENT NO. 0002
PART 1 GENERAL
1.1 REFERENCES
The publications listed below forma part of this specification to the
extent referenced. The publications are referred to in the text by basic
desi gnation only.
AMERI CAN NATI ONAL STANDARDS | NSTI TUTE (ANSI)
ANS|I C12.11 (1987; R 1993) Instrunent Transforners for
Revenue Metering, 10 kV BIL through 350 kV
BIL (0.6 kV NSV through 69 kV NSV)

ANSI C39.1 (1981; R 1992) Requirenents for Electrica
Anal og I ndicating Instrunents

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

ASTM A 53 (1999) Pipe, Steel, Black and Hot - Di pped,
Zi nc- Coat ed Wel ded and Seaml ess

ASTM A 106 (1997a) Seam ess Carbon Steel Pipe for
Hi gh- Tenperature Service

ASTM A 135 (1997) Electric-Resistance-Wl ded Stee
Pi pe

ASTM A 181/ A 181M (1995b) Carbon Steel Forgings for

Gener al - Purpose Pi pi ng

ASTM A 234/ A 234M (1997) Piping Fittings of Wought Carbon
Steel and Alloy Steel for Mderate and
H gh Tenperature Service

ASTM D 975 (1996a) Diesel Fuel QOls

ASME | NTERNATI ONAL ( ASME)

ASME ANSI / ASME B16. 3 (1992) Malleable Iron Threaded Fittings

ASME ANSI / ASME B16. 5 (1992) Malleable Iron Threaded Fittings

ASME B16. 11 (1996) Forged Fittings, Socket-Wlding and
Thr eaded

ASME B31.1 (1998) Power Piping
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ASME BPV | X

(1998) Boiler and Pressure Vessel Code;
Section | X, Welding and Brazing
Qualifications

ELECTRI CAL CGENERATI NG SYSTEMS ASSCCI ATI ON ( EGSA)

EGSA 101P

I NSTI TUTE OF ELECTRI CAL

| EEE C2

| EEE Std 1

| EEE Std 81

| EEE Std 100

| EEE Std 120

| EEE Std 519

(1995) Performance Standard for Engi ne
Driven Cenerator Sets

AND ELECTRONI CS ENG NEERS (| EEE)
(1997) National Electrical Safety Code

(1986; R 1992) General Principles for
Tenperature Linmts in the Rating of

El ectric Equi pmrent and for the Eval uation
of Electrical Insulation

(1983) Cuide for Measuring Earth

Resi stivity, G ound | npedance, and Earth
Surface Potentials of a Gound System
(Part 1)

(1996) | EEE Standard Dictionary of
El ectrical and El ectronics Terns

(1989) Electrical Measurements in Power
Circuits

(1992) Harnmonic Control in Electrica
Power Systens

MANUFACTURERS STANDARDI ZATI ON SOCI ETY OF THE VALVE AND FI TTI NGS

| NDUSTRY ( MSS)

M5S SP-58

M5S SP- 69

M5S SP- 80

(1993) Pi pe Hangers and Supports -
Mat eri al s, Design and Manufacture

(1996) Pi pe Hangers and Supports -
Sel ection and Application

(1997) Bronze Gate, d obe, Angle and Check
Val ves

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMR)

NEVA AB 1

NEMVA | CS 2

(1993) Mol ded Case Circuit Breakers and
Mol ded Case Switches

(1993) Industrial Control and Systens
Controllers, Contactors, and Overl oad

Rel ays Rated Not Mdre Than 2,000 Volts AC
or 750 Volts DC
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NEMA | CS 6 (1993) Industrial Control and Systens,
Encl osures

NEMA MG 1 (1993; Rev 1; Rev 2; Rev 3) Mdtors and
Generators

NEMA PB 1 (1990) Panel boards

NEMA SG 3 (1995) Power Switching Equi pnment

NATI ONAL FI RE PROTECTI ON ASSOCI ATl ON ( NFPA)

NFPA 30 (1996; Errata TIA 96-2) Flammabl e and
Combusti bl e Li qui ds Code

NFPA 37 (1998) Installation and Use of Stationary
Combusti on Engi nes and Gas Turbi nes

NFPA 70 (1999) National Electrical Code

SCClI ETY OF AUTOMOTI VE ENG NEERS ( SAE)

SAE ARP 892 (1965; R 1994) D-C Starter-Generator
Engi ne
SAE J 537 (1996) Storage Batteries

UNDERWRI TERS LABORATORI ES (UL)
UL 489 (1996; Rev thru Nov 1997) Ml ded- Case
Circuit Breakers, Mol ded-Case Swi tches,
and Circuit-Breaker Enclosures

UL 1236 (1994; Rev thru Dec 1997) Battery Chargers
for Charging Engine-Starter Batteries

1.2 SYSTEM DESCRI PTI ON
Each engi ne-generator set shall be provided and installed conplete and
totally functional, with all necessary ancillary equipnent to include air
filtration; starting system generator controls, protection, and isolation;
i nstrunmentation; lubrication; fuel system cooling system and engine
exhaust system Each engi ne generator set shall satisfy the requirenents
specified in the Engi ne Generator Paraneter Schedul e

1.2.1 Engi ne- Gener at or Par anet er Schedul e
The engi ne-generator shall nmeet the follow ng:

Servi ce Load 250 kVA

Power Fact or 0.8 |l aggi ng
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Maxi num Speed 1800 rpm
Engi ne- Generat or Application st and- al one
Engi ne Cool i ng Type wat er/ et hyl ene gl yco
Heat Exchanger Type fin-tube
Gover nor Type | sochronous
Frequency Bandwi dt h + 0.4%
steady state
Vol t age Regul ation + 2% (max.)
(No load to full I oad)
Vol t age Bandwi dt h + 0.5%
(steady state)
Frequency 60 Hz
Vol t age 480 volts
Phases 3 Phase, We
Max Time to Start and be Ready to 10 seconds Assune Load
Max Summer CQut door Tenp 120 degrees
(Ambi ent)
M n Wnter Qutdoor Tenp 30 degrees
(Ambi ent)
Installation El evation 1200 nmeters (3900

1

feet )above sea | eve

. 2.2 Qut put Capacity

Each generator set shall provide power equal to the sum of service |oad

plus the nmachine's efficiency | oss and associ ated ancillary equi pnent

FBALA

| oads. Rated output capacity shall also consider engine and/or generator

oversi zing required to neet requirenments in paragraph Engi ne- Generator
Par anet er Schedul e

. 2.3 Power Rating

St andby ratings shall be in accordance with EGSA 101P

.3 GENERAL REQUI REMENTS

. 3.1 Engi ne- Gener at or Set

Each set shall consist of one engi ne, one generator, and one exciter,
nount ed, assenbl ed, and aligned on one base; and all other necessary
ancil l ary equi pnrent which may be nmounted separately. Sets shall be
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assenbl ed and attached to the base prior to shipping. Set components shal
be environmentally suitable for the |ocations shown and shall be the

manuf acturer's standard product offered in catal ogs for comercial or

i ndustrial use. A generator strip heater shall be provided for npisture
control when the generator is not operating

1.3.2 Namepl at es

Each maj or conponent of this specification shall have the manufacturer's
nanme, type or style, nodel or serial nunber, and rating nunber on a plate
secured to the equipnent. As a mininmm naneplates shall be provided for
Engi nes; Rel ays; Generators; Day tanks; Transfornmers (CT & PT); Regul ators;
Punps and punp notors; Governors; Generator Breaker; Econom zers; Heat
exchangers (other than base-nounted).

Engi nes Rel ays
Generators Day tanks
Transforners (CT & PT) Regul at ors
Punps and punp notors Gover nor s
Gener at or Breaker Econonmi zers

Heat exchangers (other than base- nmount ed)

Where the followi ng equi pnent is provided as a standard conponent by the
di esel -engi ne generator set nmanufacturer, the nameplate information my be
provided in the maintenance nanual in |ieu of nanepl ates.

Battery charger Heaters
Exhaust nufflers Exciters
Swi t chgear Sil encers
Battery

1.3.3 Per sonnel Safety Device

Exposed moving parts, parts that produce high operating tenperatures, parts
whi ch nay be electrically energized, and parts that nay be a hazard to
operating personnel during nornal operation shall be insulated, fully

encl osed, guarded, or fitted with other types of safety devices. The
safety devices shall be installed so that proper operation of the equi pnent
is not inpaired

1.3.4 Verification of Dinensions
Before perform ng work, the prem ses shall be visited and details of the
work verified. The Contracting Officer shall be advised in witing of any
di screpanci es before perform ng any work

1.3.5 Conf ormance to Codes and St andards

Where equi prment is specified to conformto requirenents of any code or
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standard such as UL, the design, fabrication and installation shall conform
to the code

1.3.6 Site Wel ding

Procedures and wel ders shall be qualified in accordance with ASME BPV | X
Wel di ng procedures qualified by others, and wel ders and wel di ng operators
qualified by a previously qualified enployer may be accepted as permitted
by ASME B31.1. Welder qualification tests shall be perfornmed for each

wel der whose qualifications are not in conpliance with the referenced
standards. The Contracting O ficer shall be notified 24 hours in advance
of qualification tests. The qualification tests shall be performed at the
work site if practical. The welder or wel ding operator shall apply the
assi gned personal synbol near each weld nmade as a pernanent record

1.3.7 Engi ne Generator Set Encl osure

The engi ne generator set enclosure shall be corrosion resistant and fully
weat her resistant. The enclosure shall contain all set conponents and
provide ventilation to pernit operation at rated | oad under secured
conditions. Doors shall be provided for access to all controls and

equi pnment requiring periodic nmaintenance or adjustnment. Renpvabl e panels
shall be provided for access to components requiring periodic replacenent.
The encl osure shall be capabl e of being renoved without disassenbly of the
engi ne-generator set or renoval of conponents other than exhaust system
The encl osure shall reduce the nechanical noise of the generator set to
within the limts allowed by the Occupational Safety and Health Act (OSHA)
for the occupancy of the facility.

1.3.8 Vi bration Isolation

The maxi mum engi ne-generator set vibration in the horizontal, vertical and
axial directions shall be linited to 0.15 mm (peak-peak RMS), with an
overall velocity limt of 24 miseconds 0.95 inches/seconds RMS, for al
speeds through 110% of rated speed. The engi ne-generator set shall be
provided with vibration-isolation in accordance with the manufacturer's
standard recommendati on. Where the vibration-isolation system does not
secure the base to the structure floor or unit foundation, seismc
restraints shall be provided in accordance with the seisnmic paraneters
speci fied

1.3.9 Experi ence

Each conponent nmanufacturer shall have a mnimum of 3 years experience in
the manufacture, assenbly and sale of conponents used with stationary

di esel engi ne-generator sets for comercial and industrial use. The

engi ne-generat or set manufacture/assenbler shall have a mnimum of 3 years
experience in the manufacture, assenbly and sale of stationary diese

engi ne-generator sets for conmercial and industrial use

1.3.10 Fi el d Engi neer

The engi ne-generator set manufacturer or assenbler shall furnish a
qualified field engi neer to supervise the conplete installation of the
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engi ne-generator set, assist in the performance of the onsite tests, and
i nstruct personnel as to the operational and nmi ntenance features of the
equi pnent. The field engi neer shall have attended the engi ne-generator
manuf acturer's training courses on installation and operation and

mai nt enance for engi ne generator sets.

1.3.11 { AM#2} DELETED

1.4 SUBM TTALS
Governnment approval is required for submttals with a "GA" designation;
subnmittals having an "FIO' designation are for information only. The
follow ng shall be submitted in accordance with Section 01330 SUBM TTAL
PROCEDURES:
SD- 01 Dat a

Equi prrent Per formance; FIO.

Cal cul ations of the engi ne and generator output power capability, including
ef ficiency and parasitic | oad data.

Sound Power Level; GA
Sound power |evel data for the packaged unit operating at 100% Il oad in a free
field environment. The data should denonstrate conpliance with the sound
limtation requirenments of this specification.

Generator Data; GA

Each generator KWrating and short circuit capacity (both symetric and
asymmetric).

Integral Main Fuel Storage Tank Capacity; FIO

Cal culations for the capacity of each day tank, including allowances for
recircul ated fuel, usable tank capacity, and duration of fuel supply.

Power Factor Capability Curve; FIO.

Generator capability curve show ng generator kVA output (kWvs. kvar) for
both | eadi ng and | aggi ng power factors ranging fromO to 1.0.

Heat Rejected to Engi ne-Generator Space; FIO

Manuf acturers data to quantify heat rejected to the space with the engine
generator set at rated capacity.

Al arm Set points; FIOQ
The magni tude of nonitored val ues which define alarmor action setpoints,

and the tolerance (plus and/or mnus) at which the device activates the
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al arm or action.
Cool i ng Equi prent and Perfornmance; FIO

a. The maxi mum and m ni num al | owabl e inlet tenperatures of the
cool ant fl uid.

b. The mexi mum al | owabl e tenperature rise in the coolant fluid
t hrough the engine.

c. The mnimum allowable inlet fuel tenperature.
Manuf acturer's Catal og Data; FIO.
Manuf acturer's standard catal og data describing and depicting each
engi ne-generator set and all ancillary equipment in sufficient detail to
denonstrate specification conpliance.
Vi bration-1Isol ation; FIO
Vi bration isolation system perfornmance data for the range of frequencies
generated by the engine-generator set during operation fromno |oad to full
| oad and the maxi num vibration transnmitted to the floor. Description of
seismi c qualification of the engi ne-generator nmounting, base, and vibration
i sol ati on.
SD- 04 Drawi ngs
Layout and Shop Draw ngs; GA
a. Base-nounted equi pnent, conplete with base and attachnents
i ncl udi ng anchor bolt tenplate and recomended cl earances for
mai nt enance and operation.
b. Starting system
c. Fuel system
d. Cooling system

e. Exhaust system

f. Electric wiring of relays, breakers, programmble controllers, and
switches including single |line and wiring di agrans.

g. Lubrication system including piping, punps, strainers, filters,
el ectric heater, controls and wring.

h. Location, type, and description of vibration isolation devices.
i. The safety system including wiring schematics.
j. One-line schematic and wiring diagrans of the generator, exciter,

regul ator, governor, and all instrunmentation.
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k. Panel |ayouts.

. Mounting and support for each panel and nmajor piece of electrical
equi pnment .

m  Engi ne-generator set rigging points and lifting instructions.
As-Built Draw ngs; GA.

Drawi ngs which accurately depict the as-built configuration of the

i nstall ation, upon acceptance of the diesel-generator set installation.
Layout drawi ngs shall be revised to reflect the as-built conditions and
subnmitted with the as-built draw ngs.

SD-06 | nstructions
Post ed Data; GA.

Posted data including wiring and control diagrams showi ng the key
nmechani cal and electrical control elenents, and a diagrammatic |ayout of
the system

I nstructions; GA.

Instructions including: the manufacturer's pre-start checklist and
precautions; startup procedures for test node, nmanual -start node, and
automatic-start node, (as applicable); running checks, procedures, and
precautions; and shutdown procedures, checks, and precautions.

Instructions shall include procedures for interrelated equi pnment (such as
heat recovery systens, co-generation, |oad-shedding, and automatic transfer
switches). Instructions shall be weatherproof, lamnated in plastic,
framed, and posted where directed.

SD-08 Statenments
Component Manufacturer; FIO
St at enent showi ng that each conponent manufacturer has a nininumof 3 years
experience in the manufacture, assenbly and sal e of conponents used with
stationary diesel -engi ne generator sets for comercial and industrial use.
Manuf act urer Assenbl er; FI OA
St at enent showi ng that the engi ne-generator set manufacturer/assenbl er has
a mnimum of 3 years experience in the manufacture, assenbly and sal e of
stationary di esel engine-generator sets for comercial and industrial use.

Cool ing System FIOQ

Certification that the engi ne-generator set and cooling system function
properly in the anmbi ent tenperatures specified.

Fi el d Engi neer; FIO.
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A letter listing the qualifications, schools, formal training, and
experience of the field engi neer

Wel der Qualification; FIO

Aletter listing the welder qualifying procedures for each welder, conplete
Wi th supporting data such as test procedures used, what was tested to, and
a list of the names of all welders and their qualifications synbols.

Install ati on Procedures; FIO.

A conpl ete copy of the manufacturer's installation procedures. A detailed
description of the manufacturer's recommended break-in procedure

SD- 09 Reports
Onsite Test; GA

a. Aletter giving notice of the proposed dates of all onsite
i nspections and tests at |east 14 days prior to beginning tests.

b. A detailed description of the Contractor's proposed procedures for
onsite tests including the test including the test plan and a
listing of equi pment necessary to performthe tests. Subm ssion
shall be at |east 14 days prior to beginning tests.

c. Six copies of the onsite test data described below in 216 x 279 nm
3-ring binders with a separate section for each test. Sections
shall be separated by dividers with tabs. Data plots shall be
full size 216 x 279 mm minimum, showing all grid lines, with
full resolution.

(1) A description of the procedures for onsite tests.
(2) A list of equiprment used, with calibration certifications.
(3) A copy of neasurenments taken, with required plots and graphs.
(4) The date of testing.
(5) The paraneters verified.
(6) The condition specified for the paraneter
(7) The test results, signed and dat ed.
(8) A description of all adjustnents nade.
SD-13 Certificates

Torsional Vibration; FIO

Torsi onal analysis including prototype testing or calculations which
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certify and denonstrate that no damagi ng or dangerous torsional vibrations
wi |l occur when the prine nover is connected to the generator, at
synchronous speeds, plus/m nus 10%

Prot otype Tests; FIO

Manuf acturer's standard certification that prototype tests were perfornmed
for the generator nodel proposed

Reliability and Durability; FIO

Docunent ati on which cites engi nes and generators in sinmlar service to
denonstrate conpliance with the requirenments of this specification
Certification does not exclude annual technol ogical inprovenents nmade by a
manuf acturer in the basic standard nodel set on which experience was
obt ai ned, provided parts interchangeability has not been substantially
affected and the current standard nodel neets all the performance

requi renents of this specification. For each different set, 2 |like sets
shall have perfornmed satisfactorily in a stationary power application,

i ndependent and separate fromthe physical |ocation of the manufacturer's
and assenbler's facilities, for a nmininmumof 2 consecutive years w thout
any failure to start, including periodic exercise. The certification shal
state that for the set proposed to neet this specification, there were no
failures resulting in dowmtinme for repairs in excess of 72 hours or any
failure due to overheating during 2 consecutive years of service. Like
sets are of the sane nodel, speed, bore, stroke, number and configuration
of cylinders, and output power rating. Like generators are of the sane
nodel , speed, pitch, cooling, exciter, voltage regul ator and out put power
rating. A list shall be provided with the name of the installations,
conpl eti on dates, and nane and tel ephone nunber of a point of contact.

Eni ssions; FIO.

A certification fromthe engi ne manufacturer stating that the engine
exhaust enissions neet federal, state, and |ocal regulations and
restrictions specified. At a mininmnum this certification shall include

em ssion factors for criteria pollutants including nitrogen oxides, carbon
nonoxi de, particulate matter, sulfur dioxide, non-nethane hydrocarbon, and
for hazardous air pollutants (HAPS).

Sound limtation; FIO

A certification fromthe nmanufacturer stating that the sound eni ssions neet
t he specification.

Site Visit; FIO

A site visit letter stating the date the site was visited and listing
di screpanci es found.

Fl ywheel Bal ance; FI O

Manuf acturer's certification that the flywheel has been statically and
dynami cal |y bal anced and is capable of being rotated at 125% of rated speed
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wi t hout vibration or damage.

St andards Conpl i ance; FI O

A letter stating that where materials or equi pnent are specified to conply
with requirements of UL, or other standards, witten proof of such
conpl i ance has been obtained. The label or listing of the specified

agency,

or a witten certificate froman approved, nationally recogni zed

testing organi zati on equi pped to perform such services, stating that the
items have been tested and conformto the requirenments and testing nethods
of the specified agency are acceptabl e as proof.

Factory Tests; FIO

A certification that each engine generator set passed the factory tests and
i nspections and a list of the test and inspections.

Functional Facilities; FIO

Aletter

certifying that all facilities are conplete and functional, that

each systemis fully functional, and that each item of equipnment is
conplete, free from damage, adjusted, and ready for beneficial use

1.5 STORAGE AND | NSTALLATI ON

The Contractor shall properly protect material and equi pnent in accordance
with the manufacturers reconmended storage procedures, before, during, and

after

installation. Stored itens shall be protected fromthe weat her and

contamination. During installation, piping and simlar openings shall be
capped to keep out dirt and other foreign matter

1.6 OPERATI ON AND MAI NTENANCE MANUALS

The operation and nai ntenance manual s shall be submitted and approved prior
to commencing onsite tests.

1.6.1

Operation Manua

Si x copies of the manufacturers standard operation nanual shall be
provi ded. The manual shall include

a.

1.6.2

St ep- by-step procedures for system startup, operation, and
shut down;

Drawi ngs, diagranms, and single-line schematics to illustrate and
define the electrical, mechanical, and hydraulic systenms with
their controls, alarns, and safety systens;

Procedures for interface and interaction with related systens to
i ncl ude automatic transfer switches.

Mai nt enance Manua

Si x copies of the manufacturers standard mai ntenance nanual shall be
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provi ded.

a. Procedures for each routine maintenance item Procedures for
troubl eshooti ng. Factory-service, take-down overhaul, and repair
service manuals, with parts |ists.

b. The manufacturer's recommended mai nt enance schedul e.

c. A component |ist which includes the manufacturer's nane, address,
type or style, nodel or serial nunber, rating, and catal og nunber

for the major conponents listed in paragraph GENERAL REQUI REMENTS.

d. A list of spare parts for each piece of equipnent and a conpl ete
list of materials and supplies needed for operation

1.7 SPECI AL TOOLS AND FI LTERS
Two sets of special tools and two sets of filters required for nmintenance
shall be provided. Special tools are those that only the nanufacturer
provi des, for special purposes, or to reach otherw se inaccessible parts.
One handset shall be provided for each el ectronic governor when required to
i ndi cate and/or change governor response settings. Two conplete sets of
filters shall be supplied in a suitable storage box. These filters shal
be in addition to filters replaced after testing

PART 2 PRODUCTS

2.1 MATERI ALS AND EQUI PMENT
Mat eri al s and equi pnent shall be as specified

2.1.1 Circuit Breakers, Low Voltage
NEMA AB 1, UL 489, and NEMA SG 3

2.1.2 Filter Elements (Fuel-oil, Lubricating-o0il, and Conmbustion-air)
Manuf acturer's standard

2.1.3 I nstrunment Transforners
ANSI C12.11.

2.1. 4 Pi pe (Sl eeves, Fuel/Lube-oil, Conpressed-Air, Coolant and Exhaust)

ASTM A 53, ASTM A 106 or ASTM A 135, steel pipe. Pipe snaller than 50 mm
shall be Schedule 80. Pipe 50 mm and | arger shall be Schedul e 40.

2.1.5 Pi pe Fl anges and Fittings

a. Pipe Flanges and Flanged Fittings: ASTM A 181/A 181M C ass 60
or ASME ANSI/ASME B16.5, Grade 1, C ass 150.

b. Pipe Wlding Fittings: ASTM A 234/ A 234M G ade WPB or WPC, Cl ass
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150, or ASME B16.11, 1360.7 kg.
c. Threaded Fittings: ASME ANSI/ASME B16. 3, Class 150.
d. Valves: MSS SP-80, Cl ass 150.
e. Gaskets: Manufacturers Standard.
2.1.6 Pi pe Hangers
MSS SP-58 and MSS SP-69
2.1.7 El ectrical Enclosures
2.1.7.1 Gener a
NEMA I CS 6
2.1.7.2 Panel boar ds
NEMA PB 1
2.1.8 El ectric Modtors
Electric notors shall conformto the requirenents of NEMA MG 1. Mdtors
shall have seal ed ball bearings, a nmaxi num speed of 1800 rpm and integra
automatic or manual reset thernmal overload protectors. Mtors used indoors
shall have drip proof frames; those used outside shall be totally enclosed

2.1.9 Mot or Controllers

Mot or controllers and starters shall conformto the requirenents of NFPA 70
and NEMA | CS 2.

2.2 ENG NE

Each engi ne shall operate on No. 2-D diesel confornmng to ASTM D 975, shal
be designed for stationary applications and shall be conplete with
ancilliaries. The engine shall be a standard production nodel described in
the manufacturer's catalog. The engine shall be naturally aspirated,
scavenged, supercharged or turbocharged. The engine shall be two- or
four-stroke-cycle and conpression-ignition type. The engine shall be
vertical inline, V-, or opposed-piston type, with a solid cast bl ock or

i ndividually cast cylinders. The engine shall have a m ni mum of two
cylinders. Opposed-piston type engines shall have no | ess than four
cylinders. Each bl ock shall have a coolant drain port. Each engine shal
be equi pped with an overspeed sensor

2.3 FUEL SYSTEM

The fuel system for each engi ne generator set shall conformto the
requi renments of NFPA 30 and NFPA 37 and contain the follow ng el enents.

2.3.1 Punps

SECTI ON 16264 Page 14



Ft Bliss Aircraft Load Apron FBALA
{ ACCOVMPANYI NG AMENDMENT NO. 0002 TO SOLI CI TATI ON NO. DACA63- 97- B- 0024}

2.3.1.1 Mai n Punp

Each engi ne shall be provided with an engine driven punp. The punp shal
supply fuel at a minimumrate sufficient to provide the amunt of fue
required to neet the performance indicated within the paranmeter schedul e
The fuel flow rate shall be based on neeting the | oad requirenents and al
necessary recircul ation

2.3.2 Filter

A mninmum of one full flow fuel filter shall be provided for each engine
The filter shall be readily accessible and capabl e of being changed wi t hout
di sconnecting the piping or disturbing other conponents. The filter shal
have inlet and outlet connections plainly nmarked

2.3.3 Rel i ef / Bypass Val ve

A relief/bypass valve shall be provided to regulate pressure in the fue
supply line, return excess fuel to a return line, and prevent the build-up
of excessive pressure in the fuel system

2.3.4 Integral Main Fuel Storage Tank

Each engi ne shall be provided with an integral main fuel tank. Each tank
shall be factory installed and provided as an integral part of the diese
generator manufacturer's product. Each tank shall be provided with
connections for fuel supply line, fuel return line, local fuel fill port,
gauge, vent line, and float switch assenbly. A fuel return line cooler
shall be provided as recomended by the manufacturer and assenbler. The
tenperature of the fuel returning to the tank shall be below the flash
point of the fuel. Each engine-generator set provided with weatherproof
encl osures shall have its tank nounted within the enclosure. The fuel fill
line shall be accessible w thout opening the enclosure

2.3.4.1 Capacity

Each tank shall have capacity to supply fuel to the engine for an
uni nterrupted 24-hour period at 75% rated | oad without being refilled

2.3.4.2 Local Fuel Fil

Each local fuel fill port on the day tank shall be provided with a screw on
cap.

2.3.4.3 Fuel Level Controls

a. Each tank shall have a float-switch assenbly to performthe
foll owi ng functions:

(1)
Activate the "Low Fuel Level" alarmat 70% of the rated tank
capacity.
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(2) Activate the "Overfill Fuel Level" alarm at 95% of the rated
tank capacity.

2.3.4.4 Arrangenent

Integral tanks may allow gravity flow into the engine. Gavity flow tanks
and any tank that allows a fuel |evel above the fuel injectors shall be
provided with an internal or external factory installed valve |ocated as
near as possible to the shell of the tank. The valve shall close when the
engine is not operating. |Integral day tanks shall be provided with any
necessary punps to supply fuel to the engine as recommended by the
generator set manufacturer. The fuel supply line fromthe tank to the
manuf acturer's standard engi ne connection shall be wel ded pi pe

2.4 LUBRI CATI ON

Each engi ne shall have a separate |ube-o0il system conformng to NFPA 30 and
NFPA 37. Each system shall be pressurized by engine-driven oil punps.
Each system shall be furnished with a relief valve for oil pressure

regul ation (for closed systens) and a dip-stick for oil level indications.
The crankcase shall be vented in accordance with the manufacturer's
reconmendati on except that it shall not be vented to the engi ne exhaust
system Crankcase breathers, if provided on engines installed in buildings
or enclosures, shall be piped to vent to the outside. The systemshall be
readily accessible for service such as draining, refilling, etc. Each
system shall pernit addition of oil and have oil-level indication with the
set operating. The systemshall utilize an oil cooler as reconmended by

t he engi ne manuf acturer

2.4.1 Filter

One full-flow filter shall be provided for each punp. The filter shall be
readily accessi ble and capabl e of being changed wi thout disconnecting the
pi pi ng or disturbing other conponents. The filter shall have inlet and
outl et connections plainly marked

2.4.2 Lube-O'| Sensors

Each engi ne shall be equi pped with |ube-oil pressure sensors. Pressure
sensors shall be located downstream of the filters and provide signals for
required indication and al arns.

2.5 COOLI NG

Each engi ne cooling systemshall operate automatically while the engine is
runni ng. Each cooling system shall be sized for the maxi num sunmer out door
design tenperature and site elevation. Wter-cooled system cool ant shal
use a conbination of water and ethyl ene-glycol sufficient for freeze
protection at the m nimum w nter outdoor tenperature specified. The

maxi mum t enperature rise of the coolant across the engine shall be no nore
than that recommended and subnitted in accordance with paragraph SUBM TTALS

2.5.1 Cool ant Punps
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Cool ant punps shall be the centrifugal type. Each engine shall have an
engi ne-driven primary punp. Secondary punps shall be electric notor driven
and have automatic controllers.

2.5.2 Heat Exchanger

Each heat exchanger shall be of a size and capacity to limt the nmaxi num
all owabl e tenperature rise in the coolant across the engine to that
reconmended and subnitted in accordance with paragraph SUBM TTALS for the
maxi nrum sunmmer out door design tenperature and site el evation. Each heat
exchanger shall be corrosion resistant, suitable for service in anbient
condi tions of application.

2.5.2.1 Fi n- Tube- Type Heat Exchanger (Radi ator)

Heat exchanger nay be factory coated with corrosive resistant film
providing that corrosion neasures are taken to restore the heat rejection
capability of the radiator to the initial design requirenent via

oversi zing, or other conpensating nethods. Internal surfaces shall be
conpatible with liquid fluid coolant used. Materials and cool ant are

subj ect to approval by the Contracting Oficer. Heat exchangers shall be
pressure type incorporating a pressure valve, vacuum valve and a cap. Caps

shall be designed for pressure relief prior to renmoval. Each heat
exchanger and the entire cooling systemshall be capable of withstanding a
nm ni rum pressure of 48 kPa gauge (7 psi). Each heat exchanger shall be

protected with a strong grille or screen guard. Each heat exchanger shal
have at | east two tapped holes. One tapped hole in the heat exchanger
shall be equipped with a drain cock, the rest shall be plugged

2.5.3 Tenper ature Sensors

Each engi ne shall be equi pped with cool ant tenperature sensors.
Tenperature sensors shall provide signals for pre-high and high indication
and al armns.

2.6 SOUND LI M TATI ONS

The noi se generated by the installed diesel generator set operating at 100
percent |oad shall not exceed the follow ng sound pressure levels in any of
the indicated frequenci es when neasured at a distance of 22.9 mfromthe
end of the exhaust and air intake piping directly along the path of intake
and di scharge for horizontal piping; or at a radius of 22.9 mfromthe
engi ne at 45 degrees apart in all directions for vertical piping

Frequency Band Maxi mum Accept abl e
(Hz) Pressure Leve
(Deci bel s)
31 87
63 77
125 77
250 70
500 64
1, 000 61
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Frequency Band Maxi mum Accept abl e
(Hz) Pressure Leve
(Deci bel s)
2,000 60
4, 000 60
8, 000 62

2.7 Al R | NTAKE EQUI PMENT

Filters and silencers shall be provided in |locations that are conveni ent
for servicing. The silencer shall be of the high-frequency filter type,
located in the air intake system as reconmmended by the engi ne manufact urer
Sil encer shall be capable of reducing the noise level at the air intake to
a point below the maxi num acceptable | evels specified in paragraph SOUND
LIM TATIONS. A conbined filter-silencer unit neeting requirenents for the
separate filter and silencer itenms may be provided. Expansion elenents in
air-intake lines shall be copper or rubber

2.8 EXHAUST SYSTEM

The system shall be separate and conplete for each engine. Piping shall be
supported so as to mnimze vibration. Were a V-type engine is provided,
a V-type connector with necessary flexible sections and hardware shal
connect the engi ne exhaust outlets.

2.8.1 Fl exi bl e Sections and Expansi on Joints

A flexible section at each engine and an expansion joint at each nuffler
shall be provided. Flexible sections and expansion joints shall have
flanged connections. Flexible sections shall be nmade of convol uted

seanl ess tube without joints or packing. Expansion joints shall be the
bell ows type. Expansion and flexible elenments shall be stainless stee
suitabl e for diesel-engine exhaust gas at the maxi num exhaust tenperature
that is specified by the engi ne manufacturer. Expansion and flexible

el enents shall be capabl e of absorbing vibration fromthe engi ne and
conpensation for thermal expansion and contraction

2.8.2 Exhaust Muffl er

A chanber type exhaust nuffler shall be provided. The nmuffler shall be
constructed of wel ded steel and designed for outside horizontal nmounting
Eyebolts, lugs, flanges, or other itens shall be provided as necessary for
support in the location and position indicated. Pressure drop through the
nmuf fl er shall not exceed the recommendati ons of the engi ne nanufacturer
Qutside nmufflers shall be zinc coated or painted with high tenperature 204
degrees C resisting paint. The nuffler and exhaust piping together shal
reduce the noise level to less than the nmaxi num acceptable |evel |isted for
sound limtations in paragraph SOUND LI M TATIONS. The nmuffler shall have a
drain valve, nipple, and cap at the | ow point of the nuffler

2.8.3 Exhaust Pi pi ng

Hori zontal sections of exhaust piping shall be sloped downward away from
the engine to a condensate trap and drain valve. Changes in direction
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shall be |l ong-radius. Exhaust piping, nufflers and silencers installed

i nside any building shall be insulated in accordance with paragraph THERMAL
I NSULATI ON and covered to protect personnel. Vertical exhaust piping shal
be provided with a hinged, gravity operated, self-closing, rain cover

2.9 EM SSI ONS

The finished installation shall conmply with Federal, state, and |oca
regul ations and restrictions regarding the limts of eni ssions.

2.10 STARTI NG SYSTEM

The starting system for standby engi ne generator sets used in enmergency
applications shall be in accordance with NFPA 99 and NFPA 110 and as
fol | ows.

2.10.1 Control s

An engine control switch shall be provided with functions including
run/start (manual), off/reset, and automatic node. Start-stop |ogic shal
be provided for adjustable cycle cranking and cool down operation. The

| ogic shall be arranged for manual starting and fully automatic starting in
accordance with paragraph AUTOVATI C ENG NE- GENERATOR SET SYSTEM OPERATI ON
El ectrical starting systens shall be provided with an adjustabl e cranking
limt device to limt cranking periods from1l second up to the naxi num

dur ati on.

2.10.2 Capacity

The starting systemshall be of sufficient capacity, at the maxi num out door
sumrer tenperature specified to crank the engine w thout damage or
overheating. The system shall be capable of providing a nmninmmof three
cranki ng periods with 15-second intervals between cranks. Each cranking
period shall have a maxi num duration of 15 seconds.

2.10.3 Functi onal Requirenents

Starting systemshall be manufacturers recomended dc systemutilizing a
negative circuit ground. Starting nmotors shall be in accordance with SAE
ARP 892

2.10.4 Battery

A starting battery system shall be provided and shall include the battery,
battery rack, intercell connectors, and spacers. The battery shall be in
accordance with SAE J 537. Critical system conponents (rack, protection,
etc.) shall be sized to withstand the seismnmic acceleration forces specified
The battery shall be lead-acid type, with sufficient capacity, at the

nm ni nrum out door wi nter tenperature specified to provide the specified
cranki ng periods. Valve-regulated |lead-acid batteries are not acceptable

2.10.5 Battery Charger

A current-limting battery charger, conform ng to UL 1236, shall be
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provi ded and shall automatically recharge the batteries. The charger shal
be capabl e of an equalize charging rate for recharging fully depleted
batteries within 24 hours and a float charge rate for mmintaining the
batteries in prinme starting condition. An anmeter shall be provided to

i ndicate charging rate. A timer shall be provided for the equalize
charging rate setting. A battery is considered to be fully depl eted when
the output voltage falls to a value which will not operate the engine
generator set and its conponents.

2.10.6 Starting Aids

The manufacturer shall provide one or nore of the foll owing nethods to
assi st engine starting.

2.10.6.1 G ow Pl ugs

d ow plugs shall be designed to provide sufficient heat for conbustion of
fuel within the cylinders to guarantee starting at an anbient tenperature
of m nus 32 degrees C

2.10.6.2 Jacket - Cool ant Heaters

A thernostatically controlled electric heater shall be mounted in the
engi ne cool ant jacketing to automatically maintain the coolant within plus
or minus 3 degrees of the control tenperature. The heater shall operate

i ndependent|ly of engine operation so that starting tines are nininzed

The control tenperature shall be the tenperature recommended by the engine
manuf acturer to neet the starting tine specified

2.11 GOVERNCOR

Each engi ne shall be provided with a governor which nmaintains the frequency
within a bandwi dth of the rated frequency, over a steady-state |oad range
of zero to 100% of rated output capacity. The governor shall be configured
for safe manual adjustment of the speed/frequency during operation of the
engi ne generator set, wi thout special tools, from90 to 110 % of the rated
speed/ frequency, over a steady state |oad range of zero to 100% of rated
capacity. Isochronous governors shall maintain the midpoint of the
frequency bandwi dth at the sane value for steady-state | oads over the range
of zero to 100% of rated output capacity.

2.12 GENERATOR

Each generator shall be of the synchronous type, one or two bearing,
conform ng to NEMA MG 1, equipped with wi nding term nal housings in
accordance with NEMA MG 1, equipped with an anortisseur wi nding, and
directly connected to the engine. Insulation shall be Class H Generator
design shall protect against nmechanical, electrical and thermal damage due
to vibration, 25 percent overspeeds, or voltages and tenperatures at a
rated out put capacity of 100 percent. Generator ancillary equi pnment shal
neet the short circuit requirements of NEMA MG 1. Franes shall be the
dri p- proof type

2.12.1 Current Bal ance
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At 100 percent rated |oad, and | oad inpedance equal for each of the three
phases, the permissible current difference between any two phases shall not
exceed 2 percent of the largest current on either of the two phases.

2.12.2 Vol t age Bal ance

At any bal anced | oad between 75 and 100 percent of rated |oad, the
difference in line-to-neutral voltage anong the three phases shall not
exceed 1 percent of the average line-to-neutral voltage. For a

si ngl e-phase | oad condition, consisting of 25 percent |load at unity power
factor placed between any phase and neutral with no | oad on the other two
phases, the maxi mum sinul taneous difference in |line-to-neutral voltage

bet ween the phases shall not exceed 3 percent of rated line to neutra

vol tage. The singl e-phase | oad requirenment shall be valid utilizing nornal
exciter and regulator control. The interpretation of the 25 percent |oad
for single phase |oad conditions neans 25 percent of rated current at rated
phase voltage and unity power factor

2.12.3 Wavef orm

The deviation factor of the line-to-line voltage at zero | oad and at

bal anced full rated |load at 0.8 power factor shall not exceed 10% The RMS
of all harnonics shall be |ess than 5.0% and that of any one harnonic | ess
than 3.0% at full rated | oad. Each engi ne-generator shall be designed and
configured to neet the total harnonic distortion limts of IEEE Std 519.

2.13 EXCI TER

The generator exciter shall be of the brushless type. Sem conductor
rectifiers shall have a mninmum safety factor of 300% for peak inverse

vol tage and forward current ratings for all operating conditions, including
110% generator output at 40 degrees C anbient. The exciter and regul ator
in conmbination shall nmintain generator-output voltage within the limts
speci fi ed.

2.14 VOLTAGE REGULATOR

Each generator shall be provided with a solid-state voltage regul ator,
separate fromthe exciter. The regulator shall maintain the voltage within
a bandwi dth of the rated voltage, over a steady-state |oad range of zero to
100% of rated output capacity. Regulator shall be configured for safe
manual adj ustnent of the engine generator voltage output wthout special
tools, during operation from90 to 110% of the rated voltage over the
steady state | oad range of zero to 100% of rated output capacity.

Regul ation drift shall not exceed plus or nminus 0.5%for an anbient
tenperature change of 20 degrees C.

2.14.1 Steady State Performance (Regul ation or Voltage Droop).
The vol tage regul ator shall have a maxi mum droop of 2% of rated voltage
over a load range fromO to 100% of rated output capacity and automatically

mai ntai n the generator output voltage within the specified operational
bandwi dt h.
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2.15 GENERATOR PROTECTI ON

Short circuit and overload protection for the generator shall be provided
The generator circuit breaker (IEEE Device 52) ratings shall be consistent
with the generator rated voltage and frequency, with continuous, short
circuit and interrupting current ratings to match the generator capacity.
The manufacturer shall determine the short circuit current interrupting
rating of the breaker. The breaker shall be engi ne generator base nopunted
by the engi ne-generator set manufacturer. Ml ded case breakers shall be
provided with shunt trip. Surge protection shall be provided for each
phase of the generator, to be nounted at the generator termnals

2.16 SAFETY SYSTEM

Devices, wiring, renote panels, |local panels, etc., shall be provided and
installed as a conplete systemto automatically activate the appropriate
signals and initiate the appropriate actions. The safety system shall be
provided with a self-test nethod to verify its operability. Al arm signals
shall have manual acknow edgenent and reset devices. The alarm signa
systens shall reactivate for new signals after acknow edgnent is given to
any signal. The systens shall be configured so that |oss of any nonitoring
device shall be dealt with as an alarmon that system el enent.

2.16.1 Audi bl e Si gna
The audi bl e al arm signal shall sound at a frequency of 70 Hz at a volune of
75 dB at 3.048 m (10 feet). The sound shall be continuously activated upon

al arm and sil enced upon acknow edgnent. Signal devices shall be |ocated as
shown.

2.16.2 Vi sual Signal Signa

The visual alarm signal shall be a panel light. The Iight shall be
normal |y off, activated to be blinking upon alarm The light shall change
to continuously Iight upon acknow edgenent. |f autonmatic shutdown occurs,

the display shall mamintain activated status to indicate the cause of
failure and shall not be reset until cause of alarm has been cl eared and/or
restored to normal condition. Shutdown alarns shall be red; all other
al arns shall be anber.

2.16.3 Al arns and Action Logic

2.16.3.1 Shut down
Si mul t aneous activation of the audible signal, activation of the visua
signal, stopping the engine, and opening the generator main circuit
breakers shall be acconplished

2.16.3.2 Pr obl em

Activation of the visual signal shall be acconplished

2.16.4 Local Al arm Pane
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A local alarm panel shall be provided with the follow ng shutdown and al arm
functions in accordance with NFPA 99 and including the listed Corps of

Engi neers requirenents, mounted either on or adjacent to the engine
generator set.
Devi ce/ What / Wher e/ Si ze NFPA 99 NFPA 110 NFPA 110 Cor ps of
Condi tion/ Level 1 Level 2 Engrs
Function Requi r ed
Shut downs
W Al ar s
Hi gh engi ne Aut omat i c/ SD)CP VA SDICP VA  SD/CP VA SD VA
t enperature j acket
wat er/
cyl i nder
Low | ube-oi | Aut omat i c/ SD/CP VA SD/ICP VA  SD/CP VA SD VA
pressure pressure/
| eve
Over speed (110% (+ 2% SD/CP VA SDICP VA  SD/CP VA SD VA
shut down $ of rated
al arm speed
Overcrank Aut omat i c/ SD/CP VA SDICP VA  SD/CP VA
failure Failure to
to start to start
Ai r shut down When used SD/CP VA  SD/ICP VA
danper
(200- 600kW
Day tank Aut omat i c/ Day SD/ GPA
overfill Tank/ Level (Punp)
[imt
i ndi cation &
transfer punp
shut down
(95% vol une)
Red energency Manual Switch SD/CP VA  SD/ICP VA SD VA

stop switch

Failure to
crank
I ntegral Min
Fuel Tank
| ow fue
limt
Condi tion/
i ndi cation

Devi ce/

Corps of Engrs.
Requi r ed

Corps of Engrs.
Requi r ed
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Devi ce/
Condi ti on/
Functi on

(70% vol une
remai ni ng)

Al ar s

Low | ube- oi
pressure

Low fue
| eve

Hi gh fue
| eve

Low cool ant

Pre- hi gh
tenperature

Pre-1 ow
| ube- oi
pressure

Hi gh battery
vol t age

Low battery
vol t age

Battery
char ger
AC failure

Contro
swi tch not
in AUTO

Low starting
air pressure

Low starting
hydraul i c
pressure

SD - Shut Down

What / Wher e/ Si ze

Pressure/
| eve

Mai n tank,
3 hours
remai ni ng

I ntegral Min
Fuel Storage
Tank
95% Vol ume

Jacket water

Jacket water/
cyl i nder

AC supply not
avai l abl e

CP - On Control Panel

VA - Visual Alarm
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Devi ce/ What / Wher e/ Si ze NFPA 99 NFPA 110 NFPA 110 Cor ps of
Condi tion/ Level 1 Level 2 Engrs
Function Requi r ed

AA - Audi ble Al arm
O - Optiona

2.16.5 Ti me- Del ay on Al arns

For startup of the engine-generator set, tinme-delay devices shall be
install ed bypassing the low lubricating oil pressure alarm during cranking,
and the coolant-fluid outlet tenperature alarm The |ube-o0il tinme-delay
device shall return its alarmto normal status after the engine starts.

The cool ant tine-delay device shall return its alarmto normal status 5

nm nutes after the engine starts.

2.16.6 Renpte Al arm Pane

A renote al arm panel shall be provided in accordance with NFPA 99 and as
fol | ows:

Devi ce/ Condi ti on/ What / Wher e/ Si ze NFPA 99 NFPA 110 NFPA 110
Function Level 1 Level 2
Renpt e annunci at or panel Battery powered Al ar ns
Loads on genset VA
Battery charger VA
mal f uncti on
Low | ube-oi | Pressure/l evel VA/ AA AA AAO
Low Tenperature Jacket water VA/ AA AA AAO
Hi gh Tenperature Jacket water/ VA/ AA AA AAO
cyl i nder
Low fuel |evel Mai n tank, 3 hr VA/ AA AA AAO
remai ni ng
Over crank Failure to start VA/ AA AA AAO
Over speed VA/ AA AA AAO
Pre-hi gh tenperature Jacket water/ AA
cyl i nder
Control switch not in AA
AUTO
Common al arm cont acts X X

for local & renpte
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Devi ce/ Condi ti on/ What / Wher e/ Si ze NFPA 99 NFPA 110 NFPA 110
Functi on Level 1 Level 2

common al arm

Audi bl e al arm si |l enci ng X 0]
switch

Ai r shutdown danper When used AA AAO

Conmon fault alarm AA

X - Required

SD - Shut Down

CP - On Control Panel
VA - Visual Alarm
AA - Audi ble Alarm
O - Optiona

2.17 ENGI NE GENERATOR SET CONTROLS AND | NSTRUMENTATI ON
Devices, wiring, renote panels, |local panels, etc., shall be provided and
installed as a conplete systemto automatically activate the appropriate
signals and initiate the appropriate actions.

2.18 PANELS

Each panel shall be of the type necessary to provide specified functions.
Panel s shall be nmounted on the engine generator set base by vibration/shock

absorbing type nmountings. |Instrunments shall be mounted flush or sem flush
Conveni ent access to the back of instrunments shall be provided to
facilitate maintenance. |Instrunents shall be calibrated using recognized

i ndustry calibration standards. Each panel shall be provided with a pane
identification plate which clearly identifies the panel function as

i ndicated. Each instrunent and device on the panel shall be provided with
a plate which clearly identifies the device and its function as indicated
Panel s { AM#2} can be conbined into a single panel

2.18.1 Encl osur es

Encl osures shall be designed for the application and environment,
conformng to NEMA I CS 6, and provided with | ocki ng mechani sms which are
keyed ali ke

2.18.2 Anal og

Anal og el ectrical indicating instruments shall be in accordance with ANS
C39.1 with sem flush nmounting. Switchgear, and control-room panel - nount ed
i nstrunments shall have 250 degree scales with an accuracy of not |ess than
1 percent. Unit-nmounted instrunents shall be the manufacturer's standard
with an accuracy of not less than 2 percent. The instrunent's operating
tenperature range shall be nminus 20 to plus 65 degrees C. Distorted
generator output voltage waveform of a crest factor less than 5 shall not
affect netering accuracy for phase voltages, hertz and anps.
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2.18.3 El ectronic

El ectronic indicating instrunments shall be true RMS indicating, 100 percent
solid state, mcroprocessor controlled to provide all specified functions.
Control, logic, and function devices shall be conpatible as a system

seal ed, dust and water tight, and shall utilize nodul ar conponents with
net al housings and digital instrumentation. An interface nodule shall be
provided to decode serial |ink data fromthe el ectronic panel and translate
alarm fault and status conditions to set of relay contacts. |nstrunent
accuracy shall be not less than 2 percent for unit nounted devices and 1
percent for control room panel nounted devices, throughout a tenperature
range of mnus 20 to plus 65 degrees C. Data display shall utilize LED or
back lit LCD. Additionally, the display shall provide indication of cycle
programi ng and di aghostic codes for troubl eshooting. Nuneral height shal
be 13 mm (1/2 inch).

2.18. 4 Par anmet er Di spl ay

Indication or readouts of the lubricating-oil pressure, ac voltneter, ac
ameter, frequency neter, and cool ant tenperature

2.18.5 Exerci ser

The exerciser shall be in accordance with Section 16410 AUTOVATI C TRANSFER
AND BY- PASS/ | SOLATI ON SW TCHES

2.19 SURGE PROTECTI ON

El ectrical and el ectronic conponents shall be protected from or designed
to withstand the effects of surges from switching and |ightning

2.20 AUTOVATI C ENG NE- GENERATOR- SET SYSTEM OPERATI ON

Ful ly automatic operation shall be provided for the follow ng operations:
engi ne-generator set starting and source transfer upon | oss of nornal
source; retransfer upon restoration of the normal source; sequentia
starting; and stopping of each engi ne-generator set after cool down.

Devi ces shall automatically reset after termnation of their function

2.20.1 Automatic Transfer Switch

Automatic transfer switches shall be in accordance with Section 16410
AUTOVATI C TRANSFER AND BY- PASS/ | SOLATI ON SW TCHES

2.20.2 Moni t oring and Transfer
Devi ces shall be provided to nonitor voltage and frequency for the nornal
power source and each engi ne generator set, and control transfer fromthe
normal source and retransfer upon restoration of the normal source
Functions, actuation, and tinme delays shall be as described in Section 16410
AUTOVATI C TRANSFER AND BY- PASS/ | SOLATI ON SW TCHES

2.21 MANUAL ENG NE- GENERATOR SET SYSTEM OPERATI ON
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Conplete facilities shall be provided for manual starting and testing of
each set without |oad, |oading and unl oadi ng of each set.

2.22 BASE

The base shall be constructed of steel. The base shall be designed to
rigidly support the engine-generator set, ensure permanent alignnment of al
rotating parts, be arranged to provi de easy access to all ow changi ng of

| ube-o0il, and ensure that alignment will be nmintained during shipping and
normal operation. The base shall pernmit skidding in any direction during
installation and shall be provided with suitable holes for foundation
bolts. The base shall also withstand and nmitigate the effects of
synchronous vi bration of the engi ne and generator, and shall be provided
with suitable holes for anchor bolts and jacking screws for |eveling.

2.23 THERMAL | NSULATI ON

Thermal insulation shall be as specified in Section 15080 THERMAL
| NSULATI ON FOR MECHANI CAL SYSTEMS

2.24 PAI NTI NG AND FI NI SHI NG

The engi ne-generator set shall be cleaned, prinmed and painted in accordance
with the manufacturer's standard col or and practice

2.25 FACTORY | NSPECTI ON AND TESTS

Factory inspection and tests shall be perforned on each engi ne-generator
set proposed to neet this specification section. Inspections shall be
conpl eted and necessary repairs nade prior to testing. |Inspectors shal

| ook for |eaks, |ooseness, defects in conponents, and proper assenbly.
Factory tests shall be NEMA MG 1 routine tests and the manufacturers
routine tests.

PART 3 EXECUTI ON
3.1 GENERAL

Installation shall provide clear space for operation and nai ntenance in
accordance with NFPA 70 and IEEE C2. Installation of pipe, duct, conduit,
and ancillary equi prment shall be configured to facilitate easy renoval and
repl acenent of nmajor conponents and parts of the engi ne-generator set.

3.2 Pl PI NG | NSTALLATI ON
3.2.1 CGener a

Pi ping shall be welded. Connections at valves shall be flanged
Connections at equi pnent shall be flanged except that connections to the
di esel engine may be threaded if the diesel-engi ne manufacturer's standard
connection is threaded. Except as otherw se specified, flanged fittings
shall be utilized to allow for conplete dismantling and renoval of each

pi ping systemfromthe facility w thout disconnecting or renoving any
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portion of any other system s equi pment or piping. Connections to al

equi pnent shall be made with flexi ble connectors. Pipes extending through
the roof shall be properly flashed. Piping shall be installed clear of

wi ndows, doors, and openings to pernit thermal expansion and contraction
wi t hout danmage to joints or hangers, and with a 13 mmdrain val ve at each
| ow poi nt.

3.2.2 Supports

Hangers, inserts, and supports shall be of sufficient size to accommpdate
any insulation and shall conformto MSS SP-58 and MSS SP-69. Supports
shall be spaced not nore than 2.14 m (7 feet) on center for pipes 50.8 M
(2 inches) in diameter or less, not nore than 3.6 m (12 feet) on center for
pi pes larger than 50.8 mm (2 inches) but no |arger than 100 mm (4 inches),
and not nore than 4.27 m (17 feet) on center for pipes larger than 100 mMm
(4 inches) in diameter. Supports shall be provided at pipe bends or change
of direction.

3.2.2.1 Ceiling and Roof

Exhaust piping shall be supported with appropriately sized type 41 single
pi pe roll and threaded rods; all other piping shall be supported with
appropriately sized type 1 clevis and threaded rods.

3.2.2.2 Wl

Wal | supports for pipe shall be made by suspending the pipe from
appropriately sized type 33 brackets with the appropriate ceiling and roof
pi pe supports.

3.2.3 Fl anged Joints

Fl anges shall be Class 125 (125 pound) type, drilled, and of the proper
size and configuration to match equi pnent and di esel - engi ne connecti ons.
Gaskets shall be factory cut in one piece 1.59 nm (1/16 inch) thick

3.2.4 Cl eani ng

After fabrication and before assenbly, piping interiors shall be manually
wi ped clean of all debris.

3.2.5 Pi pe Sl eeves

Pi pes passi ng through construction such as ceilings, floors, or walls shal
be fitted with sleeves. Each sleeve shall extend through and be securely
fastened in its respective structure and shall be cut flush with each
surface. The structure shall be built tightly to the sleeve. The inside
di aneter of each sleeve shall be 13 nm (1/2 inch), and where pipes pass
through conbustible materials, 25.4 mm (1 inch) |arger than the outside

di aneter of the passing pipe or pipe covering

3.3 ELECTRI CAL | NSTALLATI ON

El ectrical installation shall conply with NFPA 70, | EEE C2, and Section

SECTI ON 16264 Page 29



Ft Bliss Aircraft Load Apron FBALA
{ ACCOVMPANYI NG AMENDMENT NO. 0002 TO SOLI CI TATI ON NO. DACA63- 97- B- 0024}

16415 ELECTRI CAL WORK, | NTERI OR
3.3.1 Vi bration Isolation

Flexible fittings shall be provided for all conduit, cable trays, and
raceways attached to engi ne-generator sets. Metallic conductor cables
installed on the engine generator set and fromthe engi ne generator set to
equi pnent not mounted on the engi ne generator set shall be flexible
stranded conductor. Termninations of conductors on the engi ne generator set
shall be crinp-type termnals or |ugs.

3.4 FI ELD PAI NTI NG

Field painting shall be as specified in Section 09900 PAI NTI NG, CGENERAL
The exterior of all equipnment shall be finished in the base standard col or

3.5 ONSI TE | NSPECTI ON AND TESTS
3.5.1 Test Conditions
3.5.1.1 Dat a

Measurenents shall be made and recorded of paranmeters necessary to verify
that each set neets specified paranmeters. |f the results of any test step
are not satisfactory, adjustnents or replacenents shall be nmade and the
step repeated until satisfactory results are obtained. Unless otherw se

i ndi cated, data shall be taken during engi ne-generator set operation and
recorded in 15 nminute intervals and shall include: readings of

engi ne-generator set nmeters and gauges for electrical and power paraneters;
oi | pressure; anbient tenperature; and engi ne tenperatures available from
net ers and gauges supplied as pernmanent equi pment on the engi ne-generator
set. In the follow ng tests where nmeasurenents are to be recorded after
stabilization of an engi ne-generator set paraneter (voltage, frequency,
current, tenperature, etc.), stabilization is considered to have occurred
when neasurenents are nmaintained within the specified bandw dths or

tol erances, for a mininmmof four consecutive readings. El ectrica
nmeasurenents shall be performed in accordance with | EEE Std 120.
Definitions and terns are in accordance with |EEE Std 100. Tenperature
limts in the rating of electrical equipnent and for the evaluation of

el ectrical insulation shall be in accordance with |EEE Std 1

3.5.1.2 Power Fact or

Engi ne-generator set operating tests shall be nade utilizing a load with a
0.8 power factor.

3.5.1.3 Contractor Supplied Itens
The Contractor shall provide all equi prment and supplies required for
i nspections and tests including fuel, test instrunents, and |oadbanks at

the specified power factors.

3.5.1.4 I nstrunents
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Readi ngs of panel gauges, neters, displays, and instruments, provided under
this specification shall be verified during test runs by test instrunents
of precision and accuracy greater than the tested itens. Test instrunent
accuracy shall be at least as follows: current, 1.5% voltage, 1.5% rea
power, 1.5% reactive power, 1.5% power factor, 3% frequency, 0.5% Test
i nstrunments shall be calibrated by a recogni zed standards | aboratory within
90 days prior to testing.

3.5.1.5 Sequence

The sequence of testing shall be as specified in the approved testing plan
unl ess variance in authorized by the Contracting Officer. Field testing
shall be perfornmed in the presence of the Contracting O ficer. Tests may
be schedul ed and sequenced in order to optimze run-tinme periods; however
the follow ng general order of testing shall be followed: Construction
Tests; Inspections; Safety run Tests; and Performance Tests and Fi na

| nspecti on.

3.5.2 Construction Tests

I ndi vi dual conponent and equi prent functional tests for fuel piping,

cool ant piping, and lubricating-oil piping, electrical circuit continuity,
i nsul ation resistance, circuit protective devices, and equi prment not

provi ded by the engi ne-generator set manufacturer shall be performed prior
to connection to the engi ne-generator set.

3.5.2.1 Pi pi ng Test

a. Lube-oil and fuel-oil piping shall be flushed with the same type
of fluid intended to flow through the piping, until the outflow ng
fluid has no obvi ous sedi ment or emnulsion.

b. Fuel piping which is external to the engine-generator set shall be
tested in accordance with NFPA 30. All remaining piping which is
external to the engi ne generator set shall be pressure tested with
air pressure at 150% of the nmaxi num anti ci pated wor ki ng pressure,
but in no case less than 1 MPa, for a period of 2 hours to prove
the piping has no leaks. |If piping is to be insulated, the test
shall be performed before the insulation is applied.

3.5.2.2 El ectrical Equi prment Tests

a. Lowvoltage cable insulation integrity tests shall be perforned
for cabl es connecting the generator breaker to the automatic
transfer switch. Low voltage cable, conplete with splices, shal
be tested for insulation resistance after the cables are
installed, in their final configuration, ready for connection to
the equi prment, and prior to energization. The test voltage shal
be 500 volts dc, applied for one minute between each conductor and
ground and between all possible combinati ons conductors in the
sanme trench, duct, or cable, with all other conductors in the sane
trench, duct, or conduit. The mininumvalue of insulation shal
be:
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R in nmegohnms = (rated voltage in kV + 1) x 304,800/ (I ength of
cable in neters).

(R in megohns = (rated voltage in kV + 1) x 1000/ (Il ength of cable
in feet)

Each cable failing this test shall be repaired or replaced. The
repaired cable shall be retested until failures have been
el i m nat ed.

b. Ground-Resistance Tests. The resistance of each grounding
el ectrode system shall be neasured using the fall-of-potentia
nmet hod defined in |EEE Std 81. Ground resistance neasurenents
shall be nmade before the electrical distribution systemis
energi zed and shall be made in normally dry conditions not |ess
than 48 hours after the last rainfall. Resistance neasurenments 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 nmay be used to neet the required resistance,
but the specified nunmber of electrodes nmust still be provided.

1) Single rod electrode - 25 ohns.

c. Circuit breakers and switchgear shall be exam ned and tested in
accordance with manufacturer's published instructions for
functional testing.

3.5.3 I nspections

The foll owi ng inspections shall be perforned jointly by the Contracting

O ficer and the Contractor, after conplete installation of each

engi ne-generator set and its associ ated equi pnent, and prior to startup of
the engi ne-generator set. Checks applicable to the installation shall be
performed. The results of those which are physical inspections (1) shal
be docunented by the Contractor and submitted in accordance wi th paragraph
SUBM TTALS. The Contractor shall present manufacturer's data for the

i nspections designated (D) at the tine of inspection. Inspections shal
verify that equi pnment type, features, accessibility, installation and
condition are in accordance with the contract specification

Manuf acturer's statenents shall certify provision of features which cannot
be verified visually.

Drive belts. (1)

Governor type and features. (1)
Engine timng mark. (1)
Starting notor. (1)

Starting aids. (I)

Cool ant type and concentration. (D)
Radi ator drains. (I)

Bl ock cool ant drains. (1)

. Coolant fill level. (I)

10. Cool ant |ine connections. (I)
11. Cool ant hoses. (1)

12. Conbustion air filter. (1)

©CONOORWNE
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13. Intake air silencer. (1)
14. Lube oil type. (D)

15. Lube oil drain. (I)

16. Lube-oil filter. (1)

17. Lube-oil-fill level. (1)
18. Lube-o0il line connections. (I)
19. Lube-o0il lines. (I)

20. Fuel type. (D)

21. Fuel-level. (I)

22. Fuel-line connections. (I)

23. Fuel lines. (I)

24.  Fuel filter. (1)

25. Access for maintenance. (1)

26. Voltage regulator. (1)

27. Battery-charger connections. (I)
28. Wring & termnations. (I)

29. Instrunmentation. (I)

30. Hazards to personnel. (1)

31. Base. (I)

32. Naneplates. (I)

33. Paint. (1)

34. Exhaust system (I)

35. Access provided to controls. (I)
36. Enclosure. (1)

37. Engine & generator nounting bolts (proper application). (I)

3.5.4 Safety Run Tests

a. Performand record engi ne manufacturer's reconmended prestarting
checks and inspections.

b. Start the engine, record the starting tine, nake and record engine
manuf acturer's after-starting checks and inspections during a
reasonabl e warmup peri od.

c. Activate the manual enmergency stop switch and verify that the
engi ne stops.

d. Renove the high and pre-high lubricating oil tenperature sensing
el enments fromthe engine and tenporarily install tenperature gauge
in their normal |ocations on the engine (required for safety, not
for recorded data). Where necessary, provide tenporary wring
harness to connect the sensing elenents to their pernmanent
el ectrical |eads.

e. Start the engine, record the starting tinme, make and record engi ne
manuf acturer's after-starting checks and inspections and operate
the engi ne generator-set at no load until the output voltage and
frequency stabilize. Monitor the tenporarily installed
tenperature gauges. |f tenperature readi ng exceeds the value for
an alarmcondition, activate the manual energency stop switch

f. Imerse the elements in a vessel containing controlled-tenperature
hot oil and record the tenperature at which the pre-high alarm
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activates and the tenperature at which the engi ne shuts down.
Renmove the tenporary tenperature gauges and reinstall the
tenperature sensors on the engine.

g. Renove the high and pre-high cool ant tenperature sensing el enents
fromthe engine and tenporarily seal their normal |ocation on the
engi ne and tenporarily install tenperature gauges in their nornal
| ocations on the engine (required for safety, not for recorded
data). \Where necessary provide tenporary wring harness to
connect the sensing elenments to their permanent electrical |eads.

h. Start the engine, record the starting tine, nake and record engine
manuf acturer's after-starting checks and inspections and operate
t he engi ne generator-set at no load until the output voltage and
frequency stabili ze.

i. Imrerse the elenents in a vessel containing controlled-tenperature
hot oil and record the tenperature at which the pre-high alarm
activates and the tenperature at which the engi ne shuts down.
Renmove the tenporary tenperature gauges and reinstall the
tenperature sensors on the engine.

j. Start the engine, record the starting tine, nmake and record engine
manuf acturer's after-starting checks and inspections during a
reasonabl e warm up peri od.

k. Operate the engine generator-set for at |east 30 m nutes at 100
percent of service |oad.

I. Verify proper operation of the governor and voltage regul ator
m Verify proper operation and setpoints of gauges and instruments.
n. Verify proper operation of ancillary equipnent.

0. Manually adjust the governor to increase engi ne speed past the
overspeed limt. Record the RPM at which the engine shuts down.

p. Start the engine, record the starting tine, nmake and record engine
manuf acturer's after-starting checks and inspections and operate
the engi ne generator-set for at least 15 nminutes at 75 percent of
rated | oad.

g. Mnually fill the day tank to a | evel above the overfill limt.
Record the | evel at which the overfill alarm sounds. Verify
shut down of the fuel transfer punp. Drain the day tank down bel ow
the overfill limt.

r. Shut down the engine. Renmpve the tine-delay |low |ube oil pressure
al arm bypass and try to start the engine. Record the results.

s. Attach a manifold to the engine oil system (at the oil sensor

pressure port) that contains a shutoff valve in series with a
connection for the engine's oil pressure sensor followed by an oi
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pressure gauge ending with a bl eed valve. The engine's oi
pressure sensor shall be noved fromthe engine to the manifold and
its normal |ocation on the engine tenporarily sealed. The

mani fol d shutoff valve shall be open and bl eed val ve cl osed.

t. Start the engine, record the starting time, mke and record al
engi ne manufacturer's after-starting checks and i nspections and
operate the engi ne generator-set for at |least 15 minutes at 75
percent of service |oad.

u. Close the manifold shutoff valve. Slowy allow the pressure in
the manifold to bleed off through the bl eed val ve whil e watching
the pressure gauge. Record the pressure at which the engi ne shuts
down. Catch oil spillage fromthe bl eed valve in a container
Add the oil fromthe contai ner back to the engine, renove the
mani fol d, and reinstall the engine's oil pressure sensor on the
engi ne.

v. Start the engine, record the starting tine, nake and record al
engi ne manufacturer's after-starting checks and i nspections and
operate the engi ne generator-set for at |least 15 minutes at 100%
of service |l oad. Record the maximum sound |evel in each frequency
band at a distance of 22.9 m (75 feet) fromthe end of the exhaust
and air intake piping directly along the path of intake and
di scharge horizontal piping. The nmeasurenents should conply with
the paragraph SOUND LI M TATIONS. |If a sound limting enclosure is
not provided, the muffler and air intake silencer shall be
nodi fied or replaced as required to neet the sound limtations of
this specification. |If the sound limtations can not be obtained
by modi fying or replacing the nuffler and air intact silencer, the
contractor shall notify the Contracting O ficer and provide a
recommendation for neeting the sound limtations.

w. Manually drain off fuel slowy fromthe day tank to enpty it to
bel ow the I ow fuel level Iimt and record the | evel at which the
audi bl e al arm sounds. Add fuel back to the day tank to fill it
above low level alarmlinmits.

3.5.5 Per f ormance Tests
3.5.5.1 Conti nuous Engi ne Load Run Test

The engi ne-generator set and ancillary systenms shall be tested at service
| oad to: denonstrate durability; verify that heat of extended operation
does not adversely affect or cause failure in any part of the system and
check all parts of the system |If the engine load run test is interrupted
for any reason, the entire test shall be repeated. After each change in
load in the following test, nmeasure the vibration at the end bearings
(front and back of engine, outboard end of generator) in the horizontal,
vertical, and axial directions. Verify that the vibration is within the
al l omabl e range. Measurenents are to be recorded after stabilization of an
engi ne-generator set paraneter (voltage, frequency, current, tenperature,
etc.). Stabilization is considered to have occurred when neasurenents are
mai nt ai ned within the specified bandwi dths or tol erances, for a m ni mum of
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four consecutive readings. Data taken at 15 minutes intervals shal
i nclude the foll ow ng:

a. Electrical: OQutput anperes, voltage, real and reactive power,
power factor, frequency.

b. Pressure: Lube-oil

c. Tenperature: Cool ant.

Lube-oil .

Anbi ent .
(1) Performand record engi ne manufacturer's reconrended
prestarting checks and inspections. |Include as a m nimum checking
of coolant fluid, fuel, and lube-oil |evels.

(2) Start the engine; nmake and record engi ne manufacturer's
after-starting checks and inspections during a reasonabl e warm up
peri od.

(3) Operate the engine generator-set for at least 2 hours at 75
percent of service |oad.

(4) Increase load to 100%f service |load and operate the engine
generator-set for at |east 2 hours.

(5) Renopve load fromthe engi ne-generator set.

3.5.5.2 Load Acceptance Test

Engi ne manufacturer's recomended prestarting checks and inspections shal

be perforned and recorded. The engine shall be started, and engine

manuf acturer's after-starting checks and inspections nmade and recorded
during a reasonable warmup period. For the follow ng steps, the output
line-line and line-neutral voltages and frequency shall be recorded after
perform ng each step instruction (after stabilization of voltage and
frequency). Stabilization is considered to have occurred when neasurenents
are maintained within the specified bandw dths or tol erances, for a m ni nrum
of four consecutive readings.

a. Apply load in steps no larger than the Maxi num Step Load | ncrease
to | oad the engi ne-generator set to 100 of Service Load.

b. Verify that the engi ne-generator set responds to the | oad addition
and that the output voltage returns to and stabilizes within the
rated bandwi dt hs.

.5.6 Aut omatic Operation Tests for Stand-Al one Operation

The automatic | oading system shall be tested to denpbnstrate autonatic
starting of each engine-generator set. The loads for this test shal
utilize the actual | oads to be served, and the |oadi ng sequence shall be
the indicated sequence. Performthis test for a mninmmof tw successive,
successful tests. Data taken shall include the foll ow ng:
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a. Anbient tenperature (at 15 mnute intervals)

b. Generator output current (before and after |oad changes).

c Generator output voltage (before and after | oad changes).
d. Cenerator output frequency (before and after |oad changes.)

1. Initiate loss of the primry power source and verify automatic
sequence of operation.

2. Restore the primary power source and verify sequence of
operation.

3. Verify resetting of controls to nornal.
3.6 FI NAL | NSPECTI ON AND TESTI NG

a. Start the engine, record the starting tinme, make and record al
engi ne manufacturer's after-starting checks and i nspections during
a reasonabl e warm up peri od.

b. Increase the load in steps no greater than the maxi mum step | oad
i ncrease to 100% of service |oad, and operate the engi ne-generator
set for at least 30 minutes. Measure the vibration at the end
beari ngs (front and back of engi ne, outboard end of generator) in
the horizontal, vertical, and axial directions. Verify that the
vibration is within the same range as previous neasurenents and is
within the required range.

c. Renove | oad and shut down the engi ne-generator set after the
recommended cool down period. Performthe pre-test inspections
and take necessary corrective actions.

d. Renove the lube oil filter and have the oil and filter exam ned by
the engi ne manufacturer for excessive netal, abrasive foreign
particles, etc. Any corrective action shall be verified for
ef fectiveness by running the engine for 4 hours at service |oad,
then re-examning the oil and filter

e. Renmobve the fuel filter and examne the filter for trash, abrasive
foreign particles, etc.

f. Visually inspect and check engi ne and generator nounting bolts for
ti ghtness and vi si bl e damage.

g. Replace air, oil, and fuel filters with new filters.
3.7 MANUFACTURER' S FI ELD SERVI CE
3.7.1 Onsite Training

The Contractor shall conduct training course for operating staff as
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designated by the Contracting Oficer. The training period shall consist
of a total 4 hours of normal working tinme and shall start after the system
is functionally conpleted but prior to final acceptance. The course

i nstructions shall cover pertinent points involved in operating, starting,
st oppi ng, servicing the equipnment, as well as all major elements of the
operation and mai ntenance manuals. Additionally, the course instructions
shall denpbnstrate all routine mai ntenance operations such as oil change,
oil filter change, and air filter change

3.7.2 Manuf acturer's Representative

The engi ne generator-set manufacturer shall furnish a qualified
representative to supervise the installation of the engine generator-set,
assist in the performance of the onsite tests, and instruct personnel as to
the operational and mei ntenance features of the equipnent.

3.8 I NSTRUCTI ONS

Two sets of instructions shall be typed in 216 x 279 mm format, | ani nated
i n weat herproof plastic, and placed in three-ring vinyl binders. The
bi nders shall be placed as directed by the Contracting Oficer. The
instructions shall be in place prior to acceptance of the engi ne generator

set installation. First set of instructions shall include a one-line
diagram wiring and control diagrans and a conplete |ayout of the system
Second set of instructions shall include the condensed operating

i nstructions describing manufacturer's pre-start checklist and precautions;
startup procedures for test-node, manual -start node, and autonmtic-start
node (as applicable); running checks, procedures, and precautions; and

shut down procedures, checks, and precautions. Instructions shall include
procedures for interrelated equi pment (such as heat recovery systens,
co-generation, |oad-shedding, and automatic transfer switches).

3.9  ACCEPTANCE
Fi nal acceptance of the engine-generator set 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 16375

ELECTRI CAL DI STRI BUTI ON SYSTEM UNDERGROUND
11/ 92
AMENDMENT NO. 0002

PART 1 GENERAL
1.1 REFERENCES

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

AMERI CAN NATI ONAL STANDARDS | NSTI TUTE ( ANSI)

ANSI C29.1 (1988; R 1996) Electrical Power Insulators
- Test Methods

ANS| C37. 46 (1981; R 1992) Power Fuses and Fuse
Di sconnecting Switches

ANS| C57.12.21 (1995) Requirenents for Pad-Munted,
Conpart nent al - Type, Sel f - Cool ed,
Si ngl e- Phase Distribution Transforners
wi t h Hi gh- Vol tage Bushi ngs; (Hi gh-Voltage,
34 500 Gd Y/19 920 Volts and Bel ow;
Low Vol t age, 240/ 120; 167 kVA and Smal | er)

ANS| C57.12. 26 (1993) Pad- Mount ed Conpart nmental - Type,
Sel f - Cool ed, Three-Phase Distribution
Transforners for Use with Separabl e
I nsul at ed Hi gh-Vol tage Connectors,
Hi gh- Vol tage, 34 500 Grd Y/ 19 920 Volts
and Bel ow; 2500 kVa and Snal | er

ANS| C80.1 (1995) Rigid Steel Conduit - Zinc Coated

ANS| C119.1 (1986) Seal ed | nsul ated Under ground
Connector Systems Rated 600 Volts

ANSI 6.1 (1992) Specifications and Di nensions for
Wod Pol es

AMERI CAN SOCI ETY FOR TESTI NG AND MATERI ALS (ASTM
ASTM A 48 (1994a) Gray Iron Castings

ASTM A 123/ A 123M (1997a) Zinc (Hot-Di p Gal vani zed) Coati ngs
on lron and Steel Products

ASTM A 153/ A 153M (1995) Zinc Coating (Hot-Dip) on Iron and
St eel Har dwar e
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ASTM

ASTM

ASTM

ASTM

ASTM

ASTM

ASTM

ASTM

ASTM

AEl C

AEl C

B

B

3

8

117

496

478

478M

923

1654

4059

(1995) Soft or Anneal ed Copper Wre

(1995) Concentric-Lay-Stranded Copper
Conductors, Hard, Medium Hard, or Soft

(1997) Operating Salt Spray (Fog) Apparatus

(1992) Conpact Round
Concentric-Lay-Stranded Copper Conductors

(1997) Precast Reinforced Concrete Manhol e
Secti ons

(1997) Precast Reinforced Concrete Mahhol e
Sections (Metric)

(1991) Sanpling Electrical Insulating
Li qui ds

(1992) Eval uation of Painted or Coated
Speci nens Subj ected to Corrosive
Envi ronnment s

(1996) Anal ysis of Polychlorinated
Bi phenyls in Insulating Liquids by Gas
Chr ormat ogr aphy

ASSOCI ATI ON OF EDI SON | LLUM NATI NG COMPANI ES ( AEI C)

CS5

CS6

(1994) Cross-linked Pol yethyl ene | nsul ated
Shi el ded Power Cables Rated 5 Through 46 kV

(1996) Ethyl ene Propyl ene Rubber | nsul ated
Shi el ded Power Cables Rated 5 Through 69 kV

FACTORY MUTUAL ENG NEERI NG AND RESEARCH (FM

FM P7825a

| EEE C2

| EEE ANSI /| EEE C37.20.1

| EEE ANSI /| EEE C37. 20. 2

| EEE ANSI /| EEE C37.20.3

| EEE ANSI /| EEE C37. 34

(1998) Approval CGuide Fire Protection

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

(1997) National Electrical Safety Code

(1993) Metal - Encl osed Low- Vol t age Power
Circuit-Breaker Sw tchgear

(1993; C37.20.2b) Metal-C ad and
Station-Type Cubicle Swtchgear

(1987; R 1992) Metal -Encl osed Interrupter
Swi t chgear

(1994) Test Code for High-Voltage Air
Swi t ches
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| EEE ANSI /| EEE C37. 41

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

ANSI /| EEE C37.90.1

ANSI /| EEE C37. 98

ANSI /| EEE C57.12.00

ANSI /| EEE C57. 13

ANSI /| EEE C57. 98

C62.

C62.

C62.

Std

Std

Std

Std

Std

Std

1

11

48

81

100

386

404

592

(1994; C37.41e) Design Tests for

Hi gh- Vol t age Fuses, Distribution Encl osed
Single-Pole Air Switches, Fuse

Di sconnecting Switches, and Accessories

(1989; R 1994) |EEE Standard Surge
Wthstand Capability (SWC) Tests for
Protective Rel ays and Rel ay Systens

(1987; R 1990) Seisnic Testing of Relays

(1993) | EEE Standard General Requirenents
for Liquid-Inmersed Distribution, Power,
and Regul ating Transfornmers

(1993) Instrunent Transformers
(1993) Cuide for Transformer |npulse Tests

(1989; R 1994) Surge Arresters for AC
Power Circuits

(1987; R 1994) Guide for the Application
of Gapped Silicon-Carbide Surge Arresters
for Alternating Current Systens

(1993) | EEE Standard Metal - Oxi de Surge
Arresters for AC Power Circuits

(1996) Standard Test Procedures and
Requi renents for Alternating-Current Cable
Term nations 2.5 kV through 765 kV

(1983) Cuide for Measuring Earth

Resi stivity, G ound |npedance, and Earth
Surface Potentials of a Gound System
(Part 1)

(1996) | EEE Standard Dictionary of
El ectrical and El ectronics Terns

(1995) Separabl e Insul ated Connector
Systens for Power Distribution Systens
Above 600V

(1993; errata) Cable Joints for Use with
Extruded Dielectric Cable Rated 5000 V

t hrough 138 000 V and Cable Joints for Use
with Lam nated Dielectric Cable Rated 2500
V Through 500 000 V

(1990; R 1996) Exposed Semi conducting
Shi el ds on Prenol ded Hi gh Vol tage Cabl e
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NENVA

NENVA

NENVA

NENVA

NENVA

NENVA

NENVA

NFPA

UL 6

AB

FB

FU

LA

TC

70

UL 467

UL 486A

UL 486B

UL 489

UL 510

Joints and Separable |Insul ated Connectors

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMR)

1

(1993) Mol ded Case Circuit Breakers and
Mol ded Case Switches

(1993) Fittings, Cast Metal Boxes and
Conduit Bodies for Conduit and Cabl e
Assenbl i es

(1986) Low Voltage Cartridge Fuses
(1992) Surge Arresters

(1990) PVC and ABS Plastic Uilities Duct
for Underground Installation

(1991; Rev 1)

Cross-Li nked- Ther noset ti ng- Pol yet hyl ene-
Insulated Wre and Cable for the

Transmi ssion and Distribution of

El ectrical Energy

(1991; Rev 1; Rev 2)

Et hyl ene- Propyl ene- Rubber-I nsul ated Wre
and Cable for the Transm ssion and

Di stribution of Electrical Energy

NATI ONAL FI RE PROTECTI ON ASSOCI ATl ON ( NFPA)

(1999) National Electrical Code

UNDERWRI TERS LABORATORI ES (UL)

(1997) Rigid Metal Conduit

(1993; Rev thru Aug 1996) G oundi ng and
Bondi ng Equi pnent

(1997) Wre Connectors and Sol deri ng Lugs
for Use with Copper Conductors

(1997; Rev Jun 1997) Wre Connectors for
Use with Al um num Conductors

(1996; Rev thru Nov 1997) Ml ded- Case
Circuit Breakers, Mol ded-Case Swi tches,
and Circuit-Breaker Enclosures

(1994; Rev thru Nov 1997) Pol yvi nyl
Chl ori de, Pol yethyl ene and Rubber
I nsul ati ng Tape
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UL 514A (1996; Rev Jul 1998) Metallic Qutlet Boxes

UL 651 (1995; Rev thru Oct 1998) Schedul e 40 and
80 Rigid PVC Conduit

UL 854 (1996; Rev Apr 1998) Service-Entrance
Cabl es

UL 1072 (1995; Rev Mar 1998) Medi um Vol t age Power
Cabl e

UL 1242 (1996; Rev Apr 1997) Internedi ate Metal
Condui t

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 { AM#2} DELETED

1.3 SUBM TTALS

Governnent al approval is required for submttals with a "GA" designation;
subnmittals having an "FIO' designation are for information only. The
follow ng shall be submitted in accordance with Section 01330 SUBM TTAL
PROCEDURES:

SD-01 Data
Fault Current and Protective Devices Coordination Studies; GA

The study shall be subnitted with protective device equi pnment submittals.
No time extension or sinmlar 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 prent or devices ordered and/or procured prior to approval of the
st udy.

Manuf acturer's Catal og Data; FIO.

Catal og cuts, brochures, circulars, specifications, product data, and
printed information in sufficient detail and scope to verify conpliance
with the requirements of the contract docunents.

Mat eri al, Equi pnent, and Fi xture Lists; FIO.

A conplete item zed listing of equipnent and nmaterials proposed for

i ncorporation into the work. Each entry shall include an item nunber, the
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quantity of itens proposed, and the nanme of the manufacturer of each such
item

Install ati on Procedures; FIO.

As a mininmum installation procedures for transforners, substations,
swi t chgear, and nediumvoltage cable term nations and splices

Procedures shall include cable pulling plans, diagrans, instructions, and
precautions required to install, adjust, calibrate, and test the devices
and equi pnent .

SD- 04 Drawi ngs
El ectrical Distribution System FIO

Detail draw ngs consisting of equi prment drawi ngs, illustrations, schedul es,
i nstructions, diagranms nmanufacturers standard installation draw ngs and
other information necessary to define the installation and enable the
Governnment to check conformty with the requirenents of the contract

dr awi ngs.

I f departures fromthe contract drawi ngs are deened necessary by the
Contractor, conplete details of such departures shall be included with the
detail drawi ngs. Approved departures shall be nade at no additional cost
to the Governnent.

Detail drawi ngs shall show how conmponents are assenbl ed, function together
and how they will be installed on the project. Data and draw ngs for
conmponent parts of an item or system shall be coordinated and submitted as
a unit. Data and draw ngs shall be coordinated and included in a single
submi ssion. Miltiple subm ssions for the sanme equi pment or system are not
accept abl e except where prior approval has been obtained fromthe
Contracting Officer. In such cases, a list of data to be submitted |ater
shall be included with the first submi ssion. Detail draw ngs shall consi st
of the follow ng:

a. Detail drawi ngs show ng physical arrangenment, construction
details, connections, finishes, materials used in fabrication
provi sions for conduit or busway entrance, access requirenents for
i nstallation and nai nt enance, physical size, electrica
characteristics, foundation and support details, and equi pnent
wei ght. Drawi ngs shall be drawn to scal e and/or dinmensioned. Al
optional items shall be clearly identified as included or excluded.

b. Internal wiring diagrams of equi pment showing wiring as actually
provided for this project. External wring connections shall be
clearly identified.

Detail drawi ngs shall as a mininmumdepict the installation of the foll ow ng
itens:

a. Mediumvoltage cables and accessories including cable installation
pl an.
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b. Transforners.
c. Substations.
d. Switchgear
e. Pad-nmounted | oadbreak switches.
f. Busways.
g. Surge arresters.
As-Built Draw ngs; GA

The as-built drawi ngs shall be a record of the construction as installed
The drawi ngs shall include the informati on shown on the contract draw ngs
as well as deviations, nodifications, and changes fromthe contract

drawi ngs, however mnor. The as-built drawi ngs shall be a full sized set
of prints marked to reflect deviations, nodifications, and changes. The
as-built drawi ngs shall be conplete and show the | ocation, size,

di mensions, part identification, and other information. Additional sheets
may be added. The as-built drawi ngs shall be jointly inspected for
accuracy and conpl eteness by the Contractor's quality contro
representative and by the Contracting Officer prior to the subm ssion of
each nonthly pay estimate. Upon conpletion of the work, the Contractor
shall provide three full sized sets of the marked prints to the Contracting
O ficer for approval. [|If upon review, the as-built drawings 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

drawi ngs to the Contracting O ficer for approval within 10 cal endar days
fromthe time the drawings are returned to the Contractor

SD- 09 Reports
Factory Test; FIO

Certified factory test reports shall be submitted when the nanufacturer
perfornms routine factory tests, including tests required by standards
listed in paragraph REFERENCES. Results of factory tests perfornmed shal
be certified by the manufacturer, or an approved testing | aboratory, and
submitted within 7 days followi ng successful conpletion of the tests. The
manuf acturer's pass-fail criteria for tests specified in paragraph FlIELD
TESTI NG shal | be included

Field Testing; FIO

A proposed field test plan, 30 days prior to testing the installed system

No field test shall be perfornmed until the test plan is approved. The test
pl an shall consist of conplete field test procedures including tests to be

performed, test equipnment required, and tolerance limts.

Test Reports; FIO
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Si x copies of the information described below in 215.9 by 279.4 mm (8-1/2
by 11 inch) binders having a mnimmof three rings, including a separate
section for each test. Sections shall be separated by heavy plastic
di viders with tabs.

a. A list of equipment used, with calibration certifications.

b. A copy of neasurenents taken.

c. The dates of testing.

d. The equi pment and values to be verified.

e. The condition specified for the test.

f. The test results, signed and dat ed.

g. A description of adjustnments made.
Cabl e Installation Reports; FIO
Si x copies of the information described below in 215.9 by 279.4 mm (8-1/2
by 11 inch) binders having a mnimmof three rings fromwhich material may
readily be renoved 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
pul |

a. Site layout drawing with cable pulls nunmerically identified.

b. A list of equiprment used, with calibration certifications. The
manuf acturer 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 ambient tenperature.

e. The length of cable pull and cal cul ated cable pulling tensions.

f. The actual cable pulling tensions encountered during pull

SD-13 Certificates
Mat eri al s and Equi pnent; FIO.
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 American National Standards
Institute (ANSI), the Institute of Electrical and El ectronics Engineers
(IEEE), or the National Electrical Munufacturers Association (NEMA), the
Contractor shall submt proof that the itens provided conformto such
requi renents. The | abel of, or listing by, UL will be acceptable as

evi dence that the itenms conform Either a certification or a published
catal og specification data statenent, to the effect that the itemis in
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accordance with the referenced ANSI or | EEE standard, will be acceptable as
evi dence that the itemconforns. A sinmilar 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 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 requirenents listed, including nmethods of
testing of the specified agencies. Conpliance with above-naned

requi renents does not relieve the Contractor from conpliance with any other
requi renents of the specifications.

Cabl e Splicer Qualification; FIO

A certification that contains the names and the qualifications of people
reconmended to performthe splicing and term nation of nediumvoltage
cabl es approved for installation under this contract. The certification
shall indicate that any person reconmended to perform actual splicing and
term nati ons has been adequately trained in the proper techniques and have
had at | east three recent years of experience in splicing and term nating
the sane or simlar types of cables approved for installation. In
addition, any person recommended by the Contractor nay be required to
performa practice splice and termnation, in the presence of the
Contracting Oficer, before being approved as a qualified installer of
medi um vol tage cables. |f that additional requirenent is inposed, the
Contractor shall provide short sections of the approved types of cables
along with the approved type of splice and termination kits, and detail ed
manuf acturer's instruction for the proper splicing and termination of the
approved cabl e types.

Cable Installer Qualifications; FIO.

The Contractor shall provide at | east one onsite person in a supervisory
position with a docunentable |level of conpetency and experience to
supervise all cable pulling operations. A resune shall be provided show 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- 19 OPERATI ON AND MAI NTENANCE MANUALS
El ectrical Distribution System FIO

Si x copies of operation and nmintenance manual s, within 14 cal endar days
followi ng the conpletion of tests and including assenbly, installation,
operation and mai ntenance instructions, spare parts data which provides
suppl i er name, current cost, catalog order nunber, and a recomended I|i st
of spare parts to be stocked. Manuals shall also include data outlining
detail ed procedures for systemstartup and operation, and a troubl eshooting
gui de which lists possible operational problens and corrective action to be
taken. A brief description of all equipnent, basic operating features, and
routi ne mai ntenance requirenments shall also be included. Docunents shal

be bound in a binder narked or identified on the spine and front cover. A
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tabl e of contents page shall be included and marked with pertinent contract

i nformati on and contents of the manual. Tabs shall be provided to separate
di fferent types of docunments, such as catal og ordering information
drawi ngs, instructions, and spare parts data. |Index sheets shall be

provi ded for each section of the manual when warranted by the quantity of
docunents included under separate tabs or dividers.

Three additional copies of the instructions manual shall be provided within
30 cal endar days follow ng the manual s.

1.4 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 itens shall be
protected fromthe environnent in accordance with the manufacturer's
published instructions. Danmaged itens shall be replaced. QI filled
transforners and switches shall be stored in accordance with the
manuf acturer's requirenments. Wod poles held in storage for nore than 2
weeks shall be stored in accordance with ANSI O5.1. Handling of wood poles
shall be in accordance with ANSI 05.1, except that pointed tools capable of
produci ng i ndentations nore than 25 mm (1 inch) in depth shall not be used
Met al pol es shall be handl ed and stored in accordance with the
manuf acturer's instructions.

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 officer when the electrica
systemis accepted. Two conplete sets of all special tools required for
mai nt enance shall be provided, conplete with a suitable tool box. Specia
tools are those that only the manufacturer provides, for special purposes
(to access conpartnents, or operate, adjust, or nmmintain special parts).

PART 2 PRODUCTS
2.1 STANDARD PRODUCT

Mat eri al and equi pnment shall be the standard product of a manufacturer
regul arly engaged in the manufacture of the product and shall essentially
duplicate itens that have been in satisfactory use for at |east 2 years
prior to bid opening. Itens of the sane classification shall be identica
i ncl udi ng equi pnent, assenblies, parts, and conponents.

2.2 NAMEPLATES
2.2.1 CGener a

Each maj or conponent of this specification shall have the manufacturer's
nane, address, type or style, nmodel or serial nunber, and catal og nunber on
a nanepl ate securely attached to the equi pment. Naneplates shall be nade
of noncorrosive nmetal. Equipnment containing liquid dielectrics shall have
the type of dielectric on the naneplate. Sectionalizer switch nanepl ates
shall have a schematic with all switch positions shown and | abeled. As a
nm ni rum nanepl ates shall be provided for transformers, circuit breakers,
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neters, switches, and sw tchgear
2.2.2 Liquid-Filled Transformer Nanepl ates

Power transformers shall be provided with naneplate information in
accordance with | EEE ANSI /| EEE C57.12.00. Naneplates shall indicate the
nunber of liters and conposition of |iquid-dielectric, and shall be
permanently marked with a statenent that the transforner dielectric to be
supplied is non-polychlorinated biphenyl. If transformer naneplate is not
so marked, the Contractor shall furnish manufacturer's certification for
each transformer that the dielectric is non-PCB classified, with | ess than
2 ppm PCB content in accordance with paragraph LI QUI D DI ELECTRI CS
Certifications shall be related to serial nunbers on transformer

nanmepl ates. Transforner dielectric exceeding the 2 ppm PCB content or
transforners without certification will be considered as PCB insul ated and
wi |l not be accepted

2.3  CORROSI ON PROTECTI ON
2.3.1 Al unmi num Material s

Al 'umi num shal I not be used
2.3.2 Ferrous Metal Materials
2.3.2.1 Har dwar e

Ferrous metal 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 prment

Equi prent and conponent itens, including but not limted to transforner
stations and ferrous nmetal |um naries not hot-dip gal vani zed or porcelain
enanel finished, shall be provided with corrosion-resistant finishes which
shall withstand 120 hours of exposure to the salt spray test specified in
ASTM B 117 wi thout | oss of paint or release of adhesion of the paint priner
coat to the nmetal surface in excess of 1.59 mm (1/16 inch) fromthe test
mark. The scribed test mark and test evaluation shall be in accordance with
ASTM D 1654 with a rating of not less than 7 in accordance with TABLE 1
(procedure A). Cut edges or otherw se damaged surfaces of hot-dip

gal vani zed sheet steel or nill galvani zed sheet steel shall be coated with
a zinc rich paint conform ng 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 prinmed at the factory shall be as specified in Section 09900
PAI NTI NG, GENERAL

2.4 CABLES

Cabl es shall be single conductor type unless otherw se indicated
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2.4.1 Medi um Vol t age Cabl es

2.4.1.1 Gener a
Cabl e construction shall be Type MV, conform ng to NFPA 70 and UL 1072 with
i nsul ati on and shiel ding, as specified, using an alum numinterl ocked tape
arnor and thernopl astic jacket. Cables shall be manufactured for use in
duct or direct burial applications.

2.4.1.2 Rat i ngs

Cabl es shall be rated for a circuit voltage of 5 kV. {AM#2} Cables shal
be rated for a ciruit voltage of 15 kV.

2.4.1.3 Conductor Materia

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 stranding.

2.4.1.4 I nsul ation
Cabl e insulation shall be ethyl ene-propyl ene-rubber (EPR) insulation

conformng to the requirenments of NEMA WC 8 and AEIC CS6. A 133 percent
i nsul ation | evel shall be used on 5 kV, 15 kV and 25 kV rated cabl es.

2.4.1.5 Shi el di ng
Cables rated for 2 kV and above shall have a sem conducting conductor
shield, a sem conducting insulation shield, and an overall copper shield
for each phase

2.4.1.6 Neutral s
Neutral conductors of shall be copper enploying the same insulation and
jacket materials as phase conductors, except that a 600-volt insulation
rating is acceptable. Concentric neutrals conductors shall be tinned
copper, having a combi ned anpacity equal to 1/3 of 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 requirenents of
NFPA 70, and nust be UL listed for the application or nmeet the applicable
section of either |ICEA or NEMA standards.

2.4.2.1 Conductor Materia

Under ground cabl es shall be anneal ed copper conplying with ASTM B 3 and
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ASTM B 8. Interm xing of copper and al um num conductors is not pernitted
2.4.2.2 I nsul ation

| nsul ation nust be in accordance with NFPA 70, and nust be UL |isted for
the application or neet the applicable sections of either |ICEA or NEMA
st andar ds.

2.4.2.3 Jacket s
Mul ti conductor cables shall have an overall PVC outer jacket.
2.4.2.4 Direct Buried

Single and nulti-conductor cables shall be of a type identified for direct
burial. Service entrance cables shall conformto UL 854 for Type USE
service entrance cable

2.4.2.5 In Duct

Cabl es shall be single-conductor cable, in accordance wi th NFPA 70.
2.5 CABLE JO NTS, TERM NATI ONS, AND CONNECTORS
2.5.1 Medi um Vol t age Cabl e Joints

Medi um vol tage cable joints shall conply with |EEE Std 404 and | EEE Std 592
Medi um vol t age cable term nations shall conply with IEEE 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 ot her
required parts. Joints shall have ratings not |less than the ratings of the
cables on which they are installed. Splice kits nay be of the

heat - shri nkabl e 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 plastic-tape nold
is acceptable. Joints used in manhol es, handholes, vaults and pull boxes
shall be certified by the manufacturer for waterproof, subnersible
appl i cations.

2.5.2 Medi um Vol t age Separ abl e |1 nsul ated Connectors

Separabl e insul ated connectors shall conply with |EEE Std 386 and | EEE Std
592 and shall be of suitable construction or standard splice kits shall be
used. Separable insul ated connectors are acceptable for voltages up to 35
kV. Connectors shall be of the | oadbreak type as indicated, of suitable
construction for the application and the type of cable connected, and shal

i nclude cable shield adaptors. Separable insulated connectors shall not be
used as substitutes for conventional permanent splices. External clanping
poi nts and test points shall be provided

2.5.3 Low Vol t age Cabl e Splices

Low vol tage cabl e splices and terminations shall be rated at not |ess than
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600 Volts. Splices in conductors No. 10 AWG and snel |l er shall be made with
an insul ated, solderless, pressure type connector, confornming to the
applicable requirenments of UL 486A. Splices in conductors No. 8 AWG and
| arger shall be made with noni nsul ated, sol derless, pressure type
connector, conformng to the applicable requirenents of UL 486A and UL 486B
Splices shall then be covered with an insulation and jacket materia
equi valent to the conductor insulation and jacket. Splices bel ow grade or
in wet |locations shall be sealed type confornming to ANSI C119.1 or shall be
wat er proofed by a sealant-filled, thick wall, heat shrinkable,
thernosetting tubing or by pouring a thernpbsetting resin into a nold that
surrounds the joined conductors.

2.5.4 Term nati ons

Term nations shall be in accordance with IEEE Std 48, Class 1 or C ass 2;
of the nol ded el astoner, wet-process porcelain, prestretched el astoner,
heat - shri nkabl e el astonmer, or taped type. Acceptable elastonmers are
track-resistant silicone rubber or track-resistant ethylene propyl ene
conmpounds, such as ethyl ene propyl ene rubber or ethylene propyl ene di ene
nononer. Separabl e insul ated connectors nay be used for apparatus

term nati ons, when such apparatus is provided with suitable bushings.

Term nations shall be of the outdoor type, except that where installed

i nsi de outdoor equi prent housi ngs which are seal ed agai nst nor nal
infiltration of noisture and outside air, indoor, Class 2 terninations are
acceptable. Class 3 term nations are not acceptable. Term nations, where
required, shall be provided with nmounting brackets suitable for the

i ntended installation and with groundi ng provisions for the cable
shielding, netallic sheath, and arnor.

2.5.4.1 Factory Preformed Type

Mol ded el astoner, wet-process porcelain, prestretched, and heat-shrinkable
term nations shall utilize factory preformed conponents to the maxi num
extent practicable rather than tape build-up. Terminations shall have
basic inpulse levels as required for the system voltage |evel

2.5.4.2 Taped Term nations

Taped terminations shall use standard ternination kits providing term na

connectors, field-fabricated stress cones, and rain hoods. Terninations

shall be at |east 315 nm (12-1/2 inches) long fromthe end of the tapered
cable jacket to the start of the term nal connector, or not |less than the
kit manufacturer's reconmendati ons, whichever is greater

2.6 CONDUI T AND DUCTS
Ducts shall be single, round-bore type, with wall thickness and fittings
suitable for the application. Duct |ines shall be concrete-encased,
thin-wall type.

2.6.1 Metal |'i c Conduit
Internmediate nmetal conduit shall conply with UL 1242. Rigid gal vani zed
steel conduit shall conply with UL 6 and ANSI C80.1. Metallic conduit
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fittings and outlets shall conply with UL 514A and NEMA FB 1
2.6.2 Nonmet al I i ¢ Ducts
2.6.2.1 Bi tum ni zed Fi ber Duct
Use shall not be permitted
2.6.2.2 Concrete Encased Ducts
UL 651 Schedul e 40 or NEMA TC 6 Type EB
2.6.2.3 Direct Buria
UL 651 Schedul e 40 or NEMA TC 6 Type DB
2.6.3 Conduit Sealing Conpound

Conmpounds for sealing ducts and conduit shall have a putty-Ilike 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
cl ean surfaces of fiber or plastic ducts; nmetallic conduits or conduit
coatings; concrete, masonry, or |ead; any cable sheaths, jackets, covers,
or insulation materials; and the common netals. Conpounds shall forma
seal wi thout dissolving, noticeably changing characteristics, or renoving
any of the ingredients. Conpounds shall have no injurious effect upon the
hands of worknen or upon material s.

2.7 {AW2} HANDHOLES

{AV#2} Handhol es, and pul | boxes shall be as indicated. Franes
and gratings, or franes and covers shall be ductile iron, neeting the

requi renments of ASTM A 536 with tensile strength not |less than Class 35
Shape and size shall be as indicated. Each casting, frame and cover shal
be capabl e of withstanding a mni mum working |oad of 1,793 kPa over a

140, 000 square nmillinmeter contact area. The mininmumfactor of safety shal
be 2.5. Wrking |oad testing shall be in accordance with federa

speci fication RR-R-621C. Results of proof |oads shall be subnmitted

2.8 TRANSFORMERS { AM#2} AND SW TCHGEAR

Transforners, substations, and switchgear shall be of the outdoor type
having the ratings and arrangenents indicated. Mediumvoltage ratings of
cable ternminations shall be 5 kV between phases for 133 percent insulation
| evel

2.8.1 Pad- Mbunt ed Transforners

Pad- mrounted transfornmers shall conmply with ANSI C57.12.26 and shall be of
the radial type. Pad-mounted transforner stations shall be assenbl ed and
coordi nated by one manufacturer and each transforner station shall be

shi pped as a conplete unit so that field installation requirenents are
limted to nounting each unit on a concrete pad and connecting it to
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primary and secondary |ines. Stainless steel pins and hinges shall be
provided. Barriers shall be provided between high- and | ow voltage
conpartnents. Hi gh-voltage conpartnment doors shall be interlocked with

| ow- vol tage conpartnent doors to prevent access to any high-voltage section
unl ess its associated | ow vol tage section door has first been opened
Conmpartnents shall be sized to neet the specific dinensional requirenents
of ANSI C57.12.26. Pentahead | ocking bolts shall be provided with

provi sions for a padl ock.

2.8.1.1 Hi gh- Vol t age Conpart nments

The hi gh-voltage conpartnment shall be dead-front construction. Primary
switching and protective devices shall include | oadbreak swi tching,
oil-inmersed, current-limting, bayonet-type fuses, nediumvoltage
separabl e | oadbreak connectors, universal bushing wells and inserts or

i ntegral 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 mounted inside transformer tank with switch operating handle

| ocated i n high-voltage conpartnment and equi pped with nmetal | 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
Adj acent to nedi um vol tage cabl e connections, a naneplate or equival ent
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 terminate on the sanme bushing as the primary
cabl e by neans of a | oadbreak, feed-through bushing insert.

2.8.1.2 Load- Break Switch

Radi al -feed oil-inmersed type rated at 15 kV, 95 kV BIL, with a continuous
current rating and | oad-break rating of 200 anpere, and a neke-and-I atch
rating of 10,000 rns anperes symetrical. Locate the switch handle in the
hi gh-vol t age conpart nent.

ARRANGENMENT DESCRI PTI ON OF SW TCH PCSI TI ON
# SW TCH LI NE A SW LI NE B SW XFMR SW
ARRANGENMENT OPEN CLGOSE OPEN CLGSE OPEN CLGSE
1 Line A connected to X X X

Line B and both
| i nes connected to
transf or mer

2 Transf ornmer connected X X X
to Line A only

3 Transf ornmer connected X X X
to Line B only

4 Transforner open and X X X
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ARRANGEMENT DESCRI PTI ON OF SW TCH PGSI TI ON
# SW TCH LINE A SW LINE B SW XFMR SW
ARRANGEMENT OPEN CLOSE OPEN CLOSE OPEN CLOSE

| oop cl osed

5 Transf orner open and X X X
| oop open

2.8.1.3 Transformer Tank Secti ons

Transforners shall conply with | EEE ANSI/I EEE C57.12. 00, ANSI C57.12.21
and ANSI C57.12.26 and shall be of the mneral oil-insulated type
Transforners shall be suitable for outdoor use and shall have 2 separate
wi ndi ngs per phase. Standard NEMA primary taps shall be provided. Were
primary taps are not specified, 4, 2-1/2 percent rated kVA hi gh-vol tage
taps shall be provided 2 above and 2 bel ow rated, primary voltage
Operating handles for primary tap changers for de-energized operation shal
be |l ocated within high-voltage conmpartnents, externally to transforner
tanks. Adjacent to the tap changer operating handl e, a naneplate or

equi val ent stenciled inscription shall be provided and inscribed "DO NOT
OPERATE UNDER LOAD." Transfornmer ratings at 60 Hz shall be as foll ows:

Three-phase capacity..... ... ... . . 150 kVA

I mpedance. .. ... 4.20%

Tenperature RiSe......... .. . 65 degrees C
High-voltage winding............ .. .. .. . ... { AVE#2} 13, 200 volts.
Hi gh-vol tage wi nding connections........................ Del t a.

Lowvoltage winding.............. ... 480Y/ 277 volts.
Low vol tage wi nding connections......................... WYE

2.8.1.4 Low Vol t age Cabl e Conpartnents

Neutrals shall be provided with fully-insulated bushings. Clanp type cable
term nations, suitable for copper conductors entering from bel ow, shall be
provi ded as necessary.

2.8.1.5 Accessori es

Hi gh-vol tage warni ng signs shall be permanently attached to each side of
transforner 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 conpartnents. Dial-type
thernoneter, liquid-|level gauge, and drain valve with built-in sanpling
devi ce shall be provided for each transformer station
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I nsul at ed- bushi ng-type parki ng stands shall be provided adjacent to each
separabl e | oad-break el bow to provide for cable isolation during
sectionalizing operations.

2.9 METERI NG AND PROTECTI VE DEVI CES

2.9.1 Circuit Breakers, Low Voltage

2.9.1.1 Mol ded- Case Circuit Breakers
NEMA AB 1 and UL 489

2.9.2 Fuses, Medium Voltage, Including Current-Limting

2.9.2.1 Construction

Units shall be suitable for outdoor use. Fuses shall have integra
bl own-fuse indicators. Al ratings shall be clearly visible

2.9.2.2 Rat i ngs

Current-limting power fuses shall have ratings in accordance with ANS
C37.46 and as foll ows:

Nominal voltage. . ....... .. { AME#2} 13, 200.
Rated maxi mum voltage. .. ........ .. 8.3

Maxi mum symetrical interrupting capacity.................... 3000.

Rated continuous current.......... ... ... 30.

2.9.2.3 E-Rated, Current-Linmiting Power Fuses
E-rated, Current-linmting, power fuses shall conformto ANSI C37.46
2.9.2.4 C-Rated, Current-Limting Power Fuses

C-rated, Current-limting power fuses shall open in 1000 seconds at
currents between 170 and 240 percent of the C rating

2.9.3 Fuses, Low Voltage, Including Current-Linmting

Low vol tage fuses shall conformto NEMA FU 1. Equi pnent provided under this
contract shall be provided with a conplete set of properly rated fuses when
the equi prent manufacturer utilizes fuses in the manufacture of the

equi pnent, or if current-limting fuses are required to be installed to
limt the anpere-interrupting capacity of circuit breakers or equipnent to
| ess than the maxi num avail able fault current at the | ocation of the

equi pnent to be installed. Fuses shall have a voltage rating of not |ess
than the phase-to-phase circuit voltage, and shall have the tine-current
characteristics required for effective power system coordination

2.10 SURGE ARRESTERS
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Surge arresters shall conply with NEMA LA 1, | EEE C62.1, |EEE C62.2, and

| EEE C62.11 and shall be provided where indicated. Arresters shall be

di stribution class, rated as shown. Arresters for use at elevations in
excess of 1.8 km (6000 feet) above nmean sea | evel shall be specifically
rated for that purpose. Arresters shall be equipped with nmounting brackets
suitable for the indicated installations. Arresters shall be of the

net al - oxi de varistor type

2.11 GROUNDI NG AND BONDI NG
2.11.1 Driven G ound Rods

Ground rods shall be copper-clad steel conform ng to UL 467 not |ess than
19.05 mm (3/4 inch) in dianmeter by 3.048 m (10 feet) in length. Sectiona
type rods nay be used

2.11.2 Groundi ng Conductors

Groundi ng conductors shall be bare, except where installed in conduit with
associ at ed phase conductors. Insulated conductors shall be of the sane
mat eri al as phase conductors and green col or-coded, except that conductors
shal |l be rated no nore than 600 volts. Bare conductors shall be ASTM B 8
soft-drawn unl ess otherwi se indicated. Alunm numis not acceptable

2.12 CONCRETE AND REI NFORCEMENT

Concrete work shall have mni mum 20 MPa conpressive strength. {AM#2}

2.13 { AM#2} DELETED

2.14 CABLE FI REPROOFI NG SYSTEMS

Cabl e fireproofing systens shall be listed in FM P7825a as a
fire-protective coating or tape approved for grouped el ectrical 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 danmage cable jackets or insulation. Asbestos materials are not
accept abl e

2.14.1 Fi reproof Coating

Cabl e fireproofing coatings shall be conpounded of water-based
thernoplastic resins, flane-retardant chemicals, and inorganic
nonconbusti bl e fibers and shall be suitable for the application nethods
used. Coatings applied on bundl ed cables shall have a derating factor of
|l ess than 5 percent, and a dielectric strength of 95 volts per m | nininum
after curing.

2.14.2 Fi reproofing Tape
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Fireproofing tape shall be at |least 50.8 mm (2 inches) wi de and shall be a
flexible, conformable, polyneric, elastoner tape designed specifically for
fireproofing cabl es.

2.14.3 Pl astic Tape

Preapplication plastic tape shall be pressure sensitive, 0.254 nm (10 ml)
thick, conformng to UL 510.

2.15 LI QUI D DI ELECTRI CS

Liquid dielectrics for transformers, capacitors, reclosers, and other
liquid-filled electrical equipnent shall be non-pol ychlorinated biphenyl
(PCB) mineral-oil or less-flamable Iiquid as specified. Nonflammable
fluids shall not be used. Tetrachl oroethylene (perchloroethylene) and 1

2, 4 trichlorobenzene fluids shall not be used. Liquid dielectrics in
retrofitted equi pnent shall be certified by the manufacturer as having | ess
than 2 parts per mllion (ppm) PCB content. 1In |lieu of the manufacturer's
certification, the Contractor nay submit a test sanple of the dielectric in
accordance with ASTM D 923 and have tests perfornmed per ASTM D 4059 at a
testing facility approved by the Contracting O ficer. Equipnment with test
results indicating PCB | evel exceeding 2 ppmshall be replaced

2.16 FACTORY TESTS

Factory tests shall be perfornmed, as follows, in accordance with the
applicabl e publications and with other requirenments of these

speci fications. The Contracting O ficer shall be notified at |east 10 days
before the equi pnment is ready for testing. The Contracting Oficer
reserves the right to witness the tests.

a. Transfornmers: Manufacturer's standard routine tests in accordance
with | EEE ANSI/| EEE C57. 12. 00.

b. Transfornmers rated 200 kVA and above: Reduced full-wave,
chopped-wave, and full-wave inmpulse test on each |ine and neutra
termnal, in accordance with | EEE ANSI/| EEE C57. 98.

c. High-Voltage Air Switches: Manufacturer's standard tests in
accordance with | EEE ANSI /| EEE C37.34 and | EEE ANSI/| EEE C37. 41.

d. Protective Relays: Seisnmic tests in accordance with | EEE
ANSI /| EEE C37.98. Surge withstand tests in accordance with | EEE
ANSI /| EEE C37.90. 1.

e. Relaying Current Transformers: Manufacturer's standard tests in
accordance with | EEE ANSI /| EEE C57. 13.

f. I nstrunent Current Transfornmers: Mnufacturer's standard tests in
accordance with | EEE ANSI/ | EEE C57. 13.

g. Factory Preforned Term nations: Wt withstand voltage tests in
accordance with IEEE Std 48 for the next higher BIL |evel.
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h. Qutdoor Switchgear: Manufacturer's standard tests in accordance
with | EEE ANSI/I| EEE C37.20.1, |EEE ANSI/IEEE C37.20.2, and | EEE
ANSI / | EEE C37. 20. 3.

i. Electrical Power Insulators: Manufacturer's standard tests in
accordance with ANSI C29.1.

PART 3 EXECUTI ON
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. {AW2} .
Steel conduits installed underground shall be installed and protected fro
corrosi on { AM#2} . Except as covered herein,
excavation, trenching, and backfilling shall conformto the requirenments of
Section 02316 EXCAVATI ON, TRENCHI NG, AND BACKFI LLI NG FOR UTI LI TI ES SYSTEMS
Concrete work shall have m ni mum 20 MPa conpressive strength

3.1.1 Conf ormance to Codes

The installation shall conply with the requirenents and recomendati ons of
NFPA 70 and | EEE C2 as applicable

3.1.2 Verification of D nensions

The Contractor shall beconme familiar with details of the work, shall verify
di mrensions in the field, and shall advise the Contracting O ficer of any
di screpancy before perform ng any work

3.1.3 Di sposal of Liquid Dielectrics

PCB- cont am nated dielectrics nmust be marked as PCB and transported to and
i ncinerated by an approved EPA waste disposal facility. The Contractor
shall furnish certification of proper disposal. Contam nated dielectrics
shall not be diluted to | ower the contamination |evel

3.2 CABLE AND BUSWAY | NSTALLATI ON

The Contractor shall obtain fromthe manufacturer an installation manual or
set of instructions which addresses such aspects as cabl e construction,

i nsul ation type, cable dianeter, bending radius, cable tenperature,

| ubricants, coefficient of friction, conduit cleaning, storage procedures,
noi sture seals, testing for and purging noisture, etc. The Contractor

shall then [prepare a checklist of significant requirenents, which shall be
subnmitted along with the manufacturers instructions in accordance with
SUBM TTALS.

3.2.1 Cable Installation Plan and Procedure
Cabl e shall be installed strictly in accordance with the cable

manuf acturer's reconmendati ons. Each circuit shall be identified by neans
of a fiber, lam nated plastic, or non-ferrous netal tags, or approved
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equal , in each manhol e, handhol e, junction box, and each term nal. Each
tag shall contain the following information; cable type, conductor size,
circuit nunber, circuit voltage, cable destination and phase identification

3.2.1.1 Cabl e I nspection

The cable reel shall be inspected for correct storage positions, signs of
physi cal danmage, and broken end seals. |If end seal is broken, npisture
shal |l be rempved from cable in accordance with the cable manufacturer's
recomendati ons.

3.2.1.2 Duct Cl eani ng

Duct shall be cleaned with an assenbly that consists of a flexible nandre
(manuf acturers standard product in |lengths recomended for the specific
size and type of duct) that is 6.4 nm (1/4 inch) |ess than inside dianeter
of duct, 2 wire brushes, and a rag. The cleaning assenbly shall be pulled
through conduit a minimumof 2 tines or until less than a volunme of 131
cubic centineters (8 cubic inches) of debris is expelled fromthe duct.

3.2.1.3 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 lubricant manufacturer's recomendations.

3.2.1. 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 recommendati ons. The pulling
grip or pulling eye apparatus shall be attached to pol ypropylene or nanilla
rope foll owed by |ubricant front end packs and then by power cables. A
dynanoneter shall be used to nmonitor pulling tension. Pulling tension
shal | not exceed cabl e manufacturer's recomendati ons. The Contractor

shall not allow cables to cross over while cables are being fed into duct.
For cable installation in cold weather, cables shall be kept at 10 degrees
C (50 degrees F) temperature for at |east 24 hours before installation.

3.2.1.5 Cabl e Installation Plan
The Contractor shall subnit a cable installation plan for all cable pulls
in accordance with the detail draw ngs portion of paragraph SUBM TTALS

Cabl e installation plan shall include

a. Site layout drawing with cable pulls identified in numeric order
of expected pulling sequence and direction of cable pull

b. List of cable installation equipnent.
c. Lubricant manufacturer's application instructions.
d. Procedure for resealing cable ends to prevent noisture from

entering cable.
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e. Cable pulling tension calculations of all cable pulls.
f. Cable percentage conduit fill.
g. Cable sidewall thrust pressure.

h. Cabl e mnimum bend radi us and mi ni nrum di ameter of pulling wheels
used.

i. Cable jamratio.

j . Maximum al l owabl e pulling tension on each different type and size
of conductor.

k. Maxi mum al |l owabl e pulling tension on pulling device.
3.2.2 Duct Line

Cabl es shall be installed in duct Iines where indicated. Cable splices in
| ow-vol tage cabl es shall be made i n manhol es and handhol es only, except as
ot herwi se noted. Neutral and groundi ng conductors shall be installed in the
same duct with their associ ated phase conductors.

3.2.3 El ectric Manhol es

Cabl es shall be routed around the interior walls and securely supported
fromwalls on cables racks. Cable routing shall mnimze cable crossover,
provi de access space for nmmintenance and installation of additional cables,
and nmaintain cable separation in accordance with | EEE C2.

3.3 CABLE JO NTS

Medi um vol t age cable joints shall be nmade by qualified cable splicers only.
Qualifications of cable splicers shall be submitted in accordance with
paragraph SUBM TTALS. Shields shall be applied as required to continue the
shi el ding system through each entire cable joint. Shields nmay be
integrally nolded parts of prefornmed joints. Shields shall be grounded at
each joint or in accordance with manufacturer's recommended practice

Cabl e joints shall provide insulation and jacket equivalent to that of the
associ ated cable. Arnored cable joints shall be enclosed in
compound-filled, cast-iron or alloy, splice boxes equipped with stuffing
boxes and arnor clanps of a suitable type and size for the cable being

i nstall ed.

3.4 FI REPROOFI NG

Each nmedi um vol tage cabl e and conductor in manhol es shall be fire-proofed
for their entire length within the manhole. Where cables and conductors
have been | ubricated to enhance pulling into ducts, the lubricant shall be
renoved from cabl es and conductors exposed in the manhol e before
fireproofing

3.4.1 Tape Met hod
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Before application of fireproofing tape, plastic tape wapping shall be
appl i ed over exposed nmetallic itenms such as the cable ground wire, netallic
outer covering, or arnmor to mninize the possibility of corrosion fromthe
fireproofing materials and noisture. Before applying fireproofing tape,
irregularities of cables, such as at cable joints, shall be evened out with
insulation putty. A flexible conformable polyneric elastomer fireproof
tape shall be wapped tightly around each cable spirally in 1/2 | apped
wrapping or in 2 butt-jointed wappings with the second w apping covering
the joints of the first.

3.4.2 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 |ess than 10 air changes per
hour shall be 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 nethods and necessary
safety precautions shall be in accordance with the manufacturers
instructions. After application, cable coatings shall be dry to the touch
in1lto 2 hours and fully cured in 48 hours, except where the manufacturer
has stated that because of unusual humidity or tenperature, |onger periods
may be necessary.

3.5 DUCT LI NES
3.5.1 Requi renent s

Nunmbers and sizes of ducts shall be as indicated. Duct lines shall be laid
with a mninmmslope of 101.6 mm per 30.48 m (4 inches per 100 feet).
Dependi ng on the contour of the finished grade, the high-point nay be at a
term nal, a manhol e, a handhole, or between manhol es or handhol es.
Short-radi us manufactured 90-degree duct bends nay be used only for pole or
equi pnent risers, unless specifically indicated as acceptable. The m ni nrum
manuf act ured bend radius shall be 457.2 nm (18 inches) for ducts of |ess
than 76.2 nm (3 inch) dianeter, and 900 nm (36 inches) for ducts 76.2 mm (3
inches) or greater in dianeter. Oherw se, |ong sweep bends having a

nm ni mrum radi us of 7.62 mshall be used for a change of direction of nore
than 5 degrees, either horizontally or vertically. Both curved and

strai ght sections nay be used to formlong sweep bends, but the nmaxi num
curve used shall be 30 degrees and manufactured bends shall be used. Ducts
shall be provided with end bells whenever duct lines term nate in manhol es
or handhol es.

3.5.2 Tr eat nent

Ducts shall be kept clean of concrete, dirt, or foreign substances during
construction. Field cuts requiring tapers shall be made 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
mat eri al 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 shall be thoroughly cl eaned before being laid
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Pl astic ducts shall be stored on a flat surface and protected fromthe
direct rays of the sun

3.5.3 Concr et e Encasenent

Ducts requiring concrete encasenents shall conply with NFPA 70, except that
el ectrical duct bank configurations for ducts 152.4 mm (6 inches) in

di aneter shall be determined by cal culati on and as shown on the draw ngs.
The separation between adjacent electric power and conmuni cati on ducts
shall conformto |IEEE C2. Duct |ine encasenents shall be nonolithic
construction. Were a connection is made to a previously poured
encasenent, the new encasement shall be well bonded or doweled to the

exi sting encasenent. The Contractor shall submit proposed bondi ng nmet hod
for approval in accordance with the detail draw ng portion of paragraph
SUBM TTALS. At any point, except railroad and airfield crossings, tops of
concrete encasenents shall be not |ess than the cover requirenents |isted
in NFPA 70. At railroad and airfield crossings, duct lines shall be
encased with concrete and reinforced as indicated to withstand specified
surface | oadings. Tops of concrete encasenents shall be not |less than 1.52
m (5 feet) below tops of rails or airfield paving unless otherw se

i ndicated. Where ducts are jacked under existing pavenent, rigid stee
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 15.24 m
(50 feet) in length, the predrilling method or the jack-and-sleeve nmethod
will be used. Separators or spacing blocks shall be made of steel

concrete, plastic, or a conbination of these materials placed not farther
apart than 1.22 m (4 feet) on centers. Ducts shall be securely anchored to
prevent novenent during the placenment of concrete and joints shall be
staggered at least 152.4 mm (6 inches) vertically.

3.5.4 Installation of Couplings

Joints in each type of duct shall be nade up in accordance with the
manuf acturer's reconmendations for the particular type of duct and coupling
sel ected and as approved

3.5.4.1 Pl asti c Duct

Duct joints shall be nade by brushing a plastic solvent cenment 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.

3.5.5 Duct Line Markers

Duct line markers shall be provided as indicated at the ends of |ong duct
line stubouts or for other ducts whose |ocations are indeterninate because
of duct curvature or term nations at conpletely bel owgrade structures. In
addition to markers, a 0.127 mm (5 ml) brightly colored plastic tape, not
less than 76.2 nm (3 inches) in width and suitably inscribed at not nore
than 3.048 m (10 feet) on centers with a continuous netallic backing and a
corrosion-resistant 0.0254 mm (1 mil) nmetallic foil core to pernmt easy
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| ocation of the duct line, shall be placed approximtely 304.8 nm (12
i nches) bel ow finished grade | evels of such |ines.

w

6 {AMW2} HANDHOLES

3.6.1 { AM#2} DELETED

3.6.2 { AM#2} DELETED

3.6.3 { AM#2} DELETED

3.6.4 Handhol es

Handhol es shall be | ocated approxi mtely as shown. Handhol es shall be of
the type noted on the drawi ngs and shall be constructed in accordance with
the details shown.

3.6.5 { AM#2} DELETED

3.6.6 Ground Rods

A ground rod shall be installed at the manhol es, handhol es and pul | boxes.
Ground rods shall be driven into the earth before the manhole floor is
poured so that approximtely 101.6 mm (4 inches) of the ground rod will
extend above the manhol e fl oor. \When precast concrete manhol es are used,
the top of the ground rod nmay be bel ow the manhol e floor and a No. 1/0 AWG
ground conduct or brought into the nanhole through a watertight sleeve in
the manhol e wal |

{AVE#2} A ground rod shall be installed at the __ handholes
Ground rods shall be driven into the earth before the handhole floor is
poured so that approxinmately 101.6 nm (4 inches) of the ground rod will
extend above the handhole floor. Wen precast concrete handhol es are used,
the top of the ground rod may be bel ow the handhole floor and a No. 1/0 AWG
ground conduct or brought into the handhole through a watertight sleeve in

t he handhol e wal |

3.7 PAD- MOUNTED EQUI PMENT | NSTALLATI ON

Pad- nount ed equi pnent, shall be installed on concrete pads in accordance
with the manufacturer's published, standard installation draw 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 pnment 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.
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3.7.1 Concr et e Pads
3.7.1.1 Construction

Concrete pads for pad-nounted el ectrical equi pnment shall be
poured-in-place. Pads shall be constructed as indicated, except that exact
pad di nensions and mounting details are equi pnent specific and are the
responsibility of the Contractor. Tops of concrete pads shall be |level and
shall project 101.6 nm (4 inches) above finished paving or grade and sl oped
to drain. Edges of concrete pads shall have 19.05 mm (3/4 inch) chanfer
Conduits for primary, secondary, and groundi ng conductors shall be set in
pl ace prior to placenent of concrete pads. Were grounding el ectrode
conductors are installed through concrete pads, PVC conduit sleeves shal

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 hole below the prinmary and secondary
conpartnents, sized in accordance with the manufacturer's recomrended

di mensi ons. Upon conpl etion of equipnent installation the rectangul ar hole
shall be filled with masonry grout.

3.7.1.2 Concrete and Rei nforcenment

Concrete work shall have m ni mum 20.7 MPa conpressive strength and conform
to the requirenments of Section 03307 CONCRETE FOR M NOR STRUCTURES
Concrete pad reinforcenent shall be in accordance with Section 03200
CONCRETE REI NFORCEMENT

3.7.1.3 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 sealing
compound. Seal s shall be of sufficient strength and durability to protect
all energized live parts of the equipnent fromrodents, insects, or other
foreign matter.

3.7.2 Padl ocks

Padl ocks shal|l be provided for pad-nmunted equi pnent and for each fence
gate. Padlocks shall be keyed as directed by the Contracting O ficer.

3.8 GROUNDI NG

A ground ring consisting of the indicated configuration of bare copper
conductors and driven ground rods shall be installed around pad-nounted
equi pnent as shown. Equi pnent franes of netal -encl osed equi pnent, and

ot her noncurrent-carrying netal parts, such as cable shields, cable sheaths
and arnor, and netallic conduit shall be grounded. At |east 2 connections
shall be provided froma transforner to the ground mat. Metallic franes
and covers of handhol es and pull boxes shall be grounded by use of a

brai ded, copper ground strap with equival ent anpacity of No. 6 AWG

3.8.1 Groundi ng El ectrodes
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Groundi ng el ectrodes shall be installed as shown on the draw ngs and as
fol | 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 304.8 mm (12 inches) below fini shed grade.

b. Gound mat - A ground mat shall be installed as shown consisting
of bare copper conductors installed 304.8 mm (12 inches), plus or
mnus 76.2 nm (3 inches), below the finished top of soil grade.

Mat conductors shall be bonded to all rod el ectrodes, electrolytic
el ectrodes, and to all other intersecting mat conductors. Mat
conductors shall be sized as shown on the draw ngs.

c. Gound ring - A ground ring shall be installed as shown consisting
of bare copper conductors installed 304.8 mm (12 inches) plus or
mnus 76.2 nm (3 inches), below finished top of soil grade.

Ground ring conductors shall be No. 2 AWG m ni num

d. Additional electrodes - Wen the required ground resistance is not
nmet, additional electrodes shall be provided interconnected with
groundi ng conductors to achieve the specified ground resistance.
The additional electrodes will be up to three, 3.048 m (10 feet)
rods spaced a mninmum of 3.66 m (12 feet) apart, driven
per pendi cul ar to grade. In high ground resistance, UL |isted
chemically charged ground rods may be used. |If the resultant
resi stance exceeds 25 ohms neasured not |ess than 48 hours after
rainfall, the Contracting Oficer shall be notified i mediately.

3.8.2 Groundi ng and Bondi ng Connecti ons

Connecti ons above grade shall be made by the fusion-welding process or with
bol ted sol derl ess connectors, in conpliance with UL 467, and those bel ow
grade shall be made by a fusion-wel ding process. Where grounding
conductors are connected to al um num conposition conductors, specially
treated or lined copper-to-alum num connectors suitable for this purpose
shal | be used

3.8.3 Groundi ng and Bondi ng Conduct ors

Groundi ng and bondi ng conductors include conductors used to bond
transforner enclosures and equi prent franes to the grounding el ectrode
system Groundi 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. Wen concrete penetration is
necessary, nonnetallic 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 compound after
installation.

3.8.4 Surge Arrester Grounding

Surge arresters and neutrals shall be bonded directly to the transforner
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encl osure and then to the grounding el ectrode systemw th a bare copper
conductor, sized as shown. Lead lengths shall be kept as short as
practicable with no ki nks or sharp bends.

{AVE#2} Surge arresters and neutrals shall be bonded directly to the
transfornmer enclosure and then to the grounding el ectrode systemwith a
#1/ 0 bare copper conductor. Lead |lengths shall be kept as short as
practicable with no kinds or sharp bends.

3.8.5 Manhol e, Handhol e, or Concrete Pull box G oundi ng

Ground rods installed in nanholes, handhol es, or concrete pull boxes shal
be connected to cable racks, cable-pulling irons, the cable shielding,
netallic sheath, and arnor at each cable joint or splice by neans of a No
4 AWG braided tinned copper wire. Connections to netallic cable sheaths
shall be by neans of tinned term nals soldered to ground wires and to cable
sheaths. Care shall be taken in soldering not to damage netallic cable
sheaths or shields. G ound rods shall be protected with a double wrapping
of pressure-sensitive plastic tape for a distance of 50.8 mm (2 inches)
above and 152.4 mm (6 inches) bel ow concrete penetrations. G ounding

el ectrode conductors shall be neatly and firmy attached to manhol e or
handhol e wal I s and t he ampbunt of exposed bare wire shall be held to a

m ni mum

3.9 FI ELD TESTI NG
3.9.1 CGener a

Field testing shall be performed in the presence of the Contracting

O ficer. The Contractor shall notify the Contracting O ficer 14 days prior
to conducting tests. The Contractor shall furnish all materials, |abor

and equi pnent necessary to conduct field tests. The Contractor shal
performall tests and inspections recommended by the nmanufacturer unless
specifically waived by the Contracting Officer. The Contractor shal
maintain a witten record of all tests which includes date, test perforned,
personnel involved, devices tested, serial nunber and nanme of test

equi pnent, and test results. Field test reports shall be signed and dated
by the Contractor.

3.9.2 Safety

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 pnent which
are damaged due to i nproper test procedures or handling

3.9.3 Ground- Resi st ance Tests

The resistance of the ground ring shall be neasured using the
fall-of-potential method defined in |EEE Std 81. Ground resistance
neasurenents shall be made before the electrical distribution systemis
energi zed and shall be nmade in normally dry conditions not |ess than 48
hours after the last rainfall. Resistance neasurenments of separate
groundi ng el ectrode systens shall be made before the systems are bonded
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toget her bel ow grade. The conbi ned resistance of separate systens may be
used to neet the required resistance, but the specified nunber of
el ectrodes nust still be provided.

a. Single rod electrode - 25 ohns.
3.9.4 Medi um Vol t age Cabl e Test

After installation and before the operating test or connection to an

exi sting system the mediumvoltage cable system shall be given a high
potential test. Direct-current voltage shall be applied on each phase
conductor of the system by connecting conductors as one terninal and
connecting grounds or netallic shieldings or sheaths of the cable as the
other ternminal for each test. Prior to meking the test, the cables shal
be isolated by opening applicable protective devices and di sconnecti ng
equi pnment. The test shall be conducted with all splices, connectors, and
termnations in place. The nethod, voltage, length of tinme, 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
reconmendati ons of |IEEE 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 incidenta
to the installation or because of inproper installation of cable, cable
joints, term nations, or other connections, the Contractor shall nake
necessary repairs or replace cables as directed. Repaired or replaced
cabl es shall be retested

3.9.5 Low Vol t age Cabl e Test

Low vol tage cable, conplete with splices, shall be tested for insulation
resi stance after the cables are installed, in their final configuration,
ready for connection to the equipnment, and prior to energization. The test
vol tage shall be 500 volts dc, applied for one mnute between each
conductor and ground and between all possible combi nati ons conductors in
the sane trench, duct, or cable, with all other conductors in the sane
trench, duct, or conduit. The m ni mum value of insulation shall be

R in megohns = (rated voltage in kV + 1) x 304,800/ (length of cable in
net ers)

Each cable failing this test shall be repaired or replaced. The repaired
cable shall be retested until failures have been elim nated

3.9.6 Circuit Breaker Tests
The following field tests shall be perforned on circuit breakers.
Pass-fail criteria shall be in accordance with the circuit breaker

manuf acturer's specifications.

a. Insulation resistance test phase-to-phase.
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b. Insulation resistance test phase-to-ground.
c. Closed breaker contact resistance test.
d. Power factor test.
e. High-potential test.
f. Mnual operation of the breaker.
3.9.7 Pre- Energi zati on Services

Calibration, testing, adjustnent, and placing into service of the
installation shall be acconplished by a manufacturer's product field
servi ce engi neer or independent testing conpany with a mininmum of 2 years
of current product experience. The follow ng services shall be perforned
on the equi prment |listed below These services shall be perforned
subsequent to testing but prior to the initial energization. The equipnment
shall be inspected to ensure that installation is in conpliance with the
recomnmendati ons of the manufacturer and as shown on the detail draw ngs.
Term nations of conductors at mmjor equi pnent shall be inspected to ensure
the adequacy of connections. Bare and insul ated conductors between 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 perforned after the installation of conpleted assenblies.
Conmponents shall be inspected for damage caused during installation or

shi pment to ensure packaging materi als have been rempved. Conponents
capabl e of being both manually and el ectrically operated shall be operated
manual |y prior to the first electrical operation. Conponents capable of
bei ng calibrated, adjusted, and tested shall be calibrated, adjusted, and
tested in accordance with the instructions of the equi pment manufacturer
Itenms for which such services shall be provided, but are not limted to,
are the foll ow ng:

a. Secondary unit substation
b. Pad-nounted transforners
c. Panel boards
d. Switchboards
e. Metal-encl osed switchgear
f. Busways
g. Switches
3.9.8 Operating Tests
After the installation is conpleted, and at such tinmes as the Contracting
O ficer may direct, the Contractor shall conduct operating tests for

approval. The equi pnent shall be denpnstrated to operate in accordance
with the requirenments herein. An operating test report shall be submitted
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in accordance with paragraph SUBM TTALS.

3.10 ACCEPTANCE

not be given until the Contractor has

Fi nal acceptance of the facility will
defects in installation,

successfully conpleted all tests and after all
mat eri al or operation have been corrected.

-- End of Section --
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SECTI ON 16403
{ AM#2} PANEL BOARDS

08/ 95
AMENDMENT NO. 0002

PART 1 GENERAL
1.1 REFERENCES
The publications listed below forma part of this specification to the
extent referenced. The publications are referred to in the text by basic
desi gnation only.
AMERI CAN SOCI ETY FOR TESTI NG AND MATERI ALS (ASTM
ASTM B 187 (1994) Copper Bar, Bus Bar, Rod and Shapes
ASME | NTERNATI ONAL ( ASME)

ASME Bl.1 (1989) Unified Inch Screw Threads (UN and
UNR Thread Form

ASME Bl.20.1 (1983; R 1992) Pipe Threads, General
Pur pose (I nch)

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATl ON ( NEMR)

NEMA AB 1 (1993) Mol ded Case Circuit Breakers and
Mol ded Case Switches

NEMA | CS 1 (1993) Industrial Controls and Systens

NEMA PB 1 (1990) Panel boards

NEMA PB 2 { AM#2}

NATI ONAL FI RE PROTECTI ON ASSOCI ATl ON ( NFPA)
NFPA 70 (1999) National Electrical Code

UNDERWRI TERS LABORATORI ES (UL)

UL 44 (1997; R 1998, Bul. 1997) Rubber-Insul ated
Wres and Cabl es

UL 50 (1992) Enclosures for Electrical Equipnent

UL 67 (1993; Rev thru May 1994) Panel boards

UL 489 (1996; Rev thru Nov 1997) Ml ded- Case

Circuit Breakers, Mol ded-Case Swi tches,
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and Circuit-Breaker Enclosures

UL 891 { AME2}

UL 1063 (1993; Rev thru Cct 1994) Machi ne-Too
Wres and Cabl es

1.2 SYSTEM DESCRI PTI ON

These specifications include the design, fabrication, assenbly, wring,
testing, and delivery of the itens of equipnment and accessories and spare
parts listed in the Schedul e and shown on the draw ngs.

1.2.1 Rul es

The equi pment shall conformto the requirenents of NFPA 70 unless nore
stringent requirenents are indicated herein or shown. NEMA rated and UL
listed equi pmrent has been specified when avail able. Equi pnment nust neet
NEMA and UL construction and rating requirenents as specified. No
equivalent will be acceptable. The contractor shall imediately notify the
Contracting Oficer of any requirenments of the specifications or contractor
proposed naterials or assenblies that do not conply with UL or NEMA

I nternational Electrotechnical Conmi ssion (IEC) rated equi pment will not be
consi dered an acceptable alternative to specified NEMA ratings.

1.2.2 Coor di nati on

The general arrangenent of the {AM#2} panel boards is shown on
the contract drawi ngs. Any nodifications of the equi pnent arrangenment or
devi ce requirenments as shown on the drawi ngs shall be subject to the
approval of the Contracting Oficer. |If any conflicts occur necessitating
departures fromthe draw ngs, details of and reasons for departures shal
be submitted and approved prior to inplenenting any change. All equipnent
shall be conpletely assenbled at the factory. {AM2}

1.2.3 St andard Products

Mat eri al and equi pnment shall be standard products of a manufacturer

regul arly engaged in their manufacture and shall essentially duplicate
items that have been in satisfactory use for at least 2 years prior to bid
opening. Al materials shall conformto the requirenents of these

speci fications. Materials shall be of high quality, free fromdefects and
i nperfections, of recent manufacture, and of the classification and grades
designated. Al materials, supplies, and articles not manufactured by the
Contractor shall be the products of other recognized reputable

manuf acturers. If the Contractor desires for any reason to deviate fromthe
st andards designated in these specifications, he shall, after award, submt
a statenent of the exact nature of the deviation, and shall subnmit, for the
approval of the Contracting Oficer, conplete specifications for the
mat eri al s whi ch he proposes to use

1.2.4 Namepl at es

Nanmepl ates shall be made of | am nated sheet plastic or of anodized al um num
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approximately 4 millimeters (1/8 inch) thick, engraved to provide white
letters on a black background. The nanepl ates shall be fastened to the
panels in proper positions with anodi zed round-head screws. Lettering
shall be minimum 15 nmillimeters (1/2 inch) high. Nanmeplate designations
shall be in accordance with lists on the drawi ngs, and as a m ni num shal |
be provided for the follow ng equipnent:

{ AME2}

{ AME2}

{ AME2}

{ AME2}

{ AME2}

{AVH#2}a. Panel boards
{AME#2}b. M ni-Power Centers

{AVE#2} c. I ndividually-munted circuit breakers in Panel board and
M ni - Power Center

Equi prent of the withdrawal type shall be provided with nanmepl ates nounted
on the renovabl e equi pnent in |ocations visible when the equipnment is in
pl ace.

1.3 SUBM TTALS

Governnment approval is required for submittals with a "GA" designation.
Equi prent, materials, and articles installed or used wi thout such approval
shall be at the risk of subsequent rejection. Submittals having an "FI O
designation are for information only. The follow ng shall be submitted in
accordance with Section 01330 SUBM TTAL PROCEDURES:

SD- 01 Dat a
Equi pnent; GA.
The Contractor shall within 60 cal endar days after date of award subnit for
approval six (6) copies of such descriptive cuts and information as are
required to denonstrate fully that all parts of the equipnent will conform
to the requirenments and intent of the specifications. Data shall include
descriptive data showi ng typical construction of the types of equipnent
proposed, including the manufacturer's nanme, type of nolded case circuit
breakers or nmotor circuit protectors, perfornmance capacities and other
i nformati on pertaining to the equipnent.

SD- 04 Drawi ngs
Qutline Draw ngs; GA

The Contractor shall, within 60 cal endar days after date of award submit
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for the approval of the Contracting Oficer six (6) copies of outline
drawi ngs of all equipnment to be furnished under this contract, together
with weights and overall dinensions. Draw ngs shall show the general
arrangenent and overal |l dinensions of the notor control centers,

swi t chboards, and panel boards. These draw ngs shall show space

requi renents, details of any floor supports to be enbedded in concrete and
provi sions for conduits for external cabl es.

{AVE#2} The Contractor shall, within 60 cal endar days after the date of
award submit for the approval of the Contracting Oficer six (6) copies of
outline drawings of all equipnent to be furnsi hed under this contract,
together with weights and overall dinensions. Draw ngs shall show the
general arrangenent and overall dinensions of the mni-power centers and
panel boards. These drawi ngs shall show space requirenents, details of any
floor supports to be enbedded in concrete and provisions for conduits for
external cables.

{AVE2} M ni - Power Centers; GA. Panel boards; GA

The Contractor shall, within 60 cal endar days after date of award submit
for the approval of the Contracting Oficer six (6) copies of electrical
equi pnment drawi ngs. A single-line diagram equipnent |ist and nanepl ate
schedul e shall be provided for {AM#2} panel boar d.

SD-08 Statenments
Factory Tests; FIO
{ AM#2}

SD- 09 Reports
Factory Tests; FIO

The Contractor shall subnit six (6) conplete reproducible copies of the
factory inspection results and six (6) conplete reproducible copies of the
factory test results in booklet form including all plotted data curves,
all test conditions, a listing of test equi pnment conplete with calibration
certifications, and all neasurenents taken. Report shall be signed and
dated by the Contractor's and Contracting Officer's Representatives.

1.4 DELI VERY, STORAGE, AND HANDLI NG

The equi prent shall be shipped as conpletely assenbl ed and wired as
feasible so as to require a mninmum of installation work. Each shi pping
section shall be properly match marked to facilitate reassenbly, and shal
be provided with renpvable Iifting channels with eye bolts for attachnent
of crane slings to facilitate lifting and handling. Any relay or other
devi ce whi ch cannot withstand the hazards of shipnent when nounted in place
on the equi pment shall be carefully packed and shi pped separately. These
devi ces shall be marked with the nunber of the panel which they are to be
mounted on and fully identified. Al finished painted surfaces and neta
wor k shall be wrapped suitably or otherw se protected from damage during
shipment. All parts shall be prepared for shipnment so that slings for
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handling may be attached readily while the parts are in a railway car or
transport truck. All spare parts and accessories shall be carefully
packaged and clearly marked

1.5 MAI NTENANCE
1.5.1 Accessories and Tool s

A conpl ete set of accessories and special tools unique to equi pnent
provi ded and required for erecting, handling, dismntling, testing and
mai nt ai ni ng the apparatus shall be furnished by the Contractor

1.5.2 Spare Parts

Spare parts shall be furnished as specified below. Al spare parts shal
be of the same material and workmanshi p, shall neet the same requirenents,
and shall be interchangeable with the correspondi ng original parts

f ur ni shed.

a. 2 - Fuses of each type and si ze.

b. 1 - Circuit breaker auxiliary switch

c. 2 - QOperating coils for each size ac contactor

d. 1 - Operating coil for each size dc contactor

e. 2 - Conmplete sets of 3-pole stationary and novi ng cont act

assenblies for each size ac contactor.

f. 1 - Conplete set of 2-pole stationary and novi ng contact
assenblies for each size dc contactor.

g. 3 - Contactor overload relays of each type and rating, each relay
with a conplete set of contact bl ocks.

h. 1 - spare set of heater elenents for each heater rating provided.
i. 2 - Indicating | anp assenblies of each type.

j. 1 - Control transformer of each type and rating.

=
=
1

Control relay of each type and rating.

=
1

Contactor auxiliary contact of each type.
m 4 - One quart containers of finish paint for indoor equipnent.

n. 2 - One quart containers of the paint used for the exterior
surfaces of outdoor equipnent.

0. 4 - Keys for nmotor control center door |ock

{AVH#2} Spare parts shall be furnished as specified below. All spare parts
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shall be of the sane material and workmanshi p, shall neet the sane
requi renments, and shall be interchangeable with the correspondi ng origina
parts furni shed.

a. 2 - One quart containers of the paint used for the exterior surfaces of
out door equi pnent.

PART 2 PRODUCTS
2.1 CONNECTI ONS

All bolts, studs, machine screws, nuts, and tapped holes shall be in
accordance with ASME Bl.1. The sizes and threads of all conduit and
fittings, tubing and fittings, and connecting equi prent shall be in
accordance with ASME B1.20.1. All ferrous fasteners shall have
rust-resistant finish and all bolts and screws shall be equi pped with
approved | ocki ng devices. Manufacturer's standard threads and construction
may be used on small itenms which, in the opinion of the Contracting

O ficer, are integrally replaceable, except that threads for externa
connections to these itens shall neet the above requirenents.

2.2 MOLDED CASE Cl RCUI T BREAKERS

Mol ded case circuit breakers shall conformto the applicable requirenents
of NEMA AB 1 and UL 489. The circuit breakers shall be manually-operated,
shall be qui ck-make, quick-break, common trip type, and shall be of
automatic-trip type unless otherw se specified or indicated on the

drawi ngs. All poles of each breaker shall be operated sinultaneously by
nmeans of a common handle. The operating handles shall clearly indicate
whet her the breakers are in "On," "Of," or "Tripped" position

{AV#2} . Personnel safety line term nal shields shall be provided

for each breaker. The circuit breakers shall be products of only one
manuf acturer, and shall be interchangeabl e when of the sane frane size

2.2.1 Trip Units

Except as otherwi se noted, the circuit breakers, of frane sizes and the
trip unit ratings as shown on the draw ngs, shall be provided with

conmbi nation thermal and instantaneous nmagnetic or solid state trip units.
The Governnent reserves the right to change the indicated trip ratings,
within frame limts, of the trip devices at the tine the shop draw ngs are
subnmtted for approval. The breaker trip units shall be interchangeable
and the instantaneous magnetic trip units shall be adjustable on frane
sizes larger than 150 anperes. Nonadj ustabl e instantaneous nagnetic trip
units shall be set at approximately 10 tinmes the continuous current ratings
of the circuit breakers.

2.2.2 480-Volt AC Circuits
Circuit breakers for 480-volt or 277/480-volt ac circuits shall be rated
600 volts ac, and shall have an UL listed mininmuminterrupting capacity of

14,000 symretrical anperes at 600 volts ac

2.2.3 120/ 240-Volt AC Circuits
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Circuit breakers for 120-volt ac circuits shall be rated not |ess than
120/ 240 or 240 volts ac, and shall have a UL listed mininmminterrupting
capacity of 10,000 symmetrical anperes.

2.3 W RI NG

Al control wire shall be stranded tinned copper switchboard wire with
600-volt flame-retardant insulation Type SIS neeting UL 44 or Type MIW
nmeeting UL 1063, and shall pass the VW1 flane tests included in those
standards. Hinge wire shall have Class K stranding. Current transfornmer
secondary | eads shall be not smaller than No. 10 AWG  The mini mum si ze of
control wire shall be No. 14 AWG Power wiring for 480-volt circuits and
bel ow shall be of the sanme type as control wiring and the mnininmm size
shall be No. 12 AWG. Special attention shall be given to wiring and
term nal arrangement on the terninal blocks to pernit the individual
conductors of each external cable to be term nated on adjacent term nal
poi nts.

2.4 { AM#2} DELETED

2.4.1 { AM#2} DELETED

2.4.1.1 { AM#2} DELETED

2.4.1.2 { AM#22} DELETED

2.4.2 { AM#2} DELETED

2.5 { AM#2} DELETED

2.5.1 { AM#2} DELETED

2.5.2 { AM#2} DELETED

2.5.3 { AM#2} DELETED

2.5.4 { AM#2} DELETED

2.6 PANEL BOARDS
Panel boards shall consist of assenblies of nol ded-case circuit breakers
with buses and terminal lugs for the control and protection of branch
circuits to notors, heating devices and other equi pnent operating at 480
volts ac or less. Panelboards shall be UL 67 | abel ed. "Loadcenter" type
panel s are not acceptable. Panel boards shall be designed for installation
in surface-mounted or flush-nounted cabinets accessible fromthe front
only, as shown on the draw ngs. Panel boards shall be fully rated for a
short-circuit current of 14,000 symmetrical anperes RMS ac.

2.6.1 Encl osure
Encl osures shall be NEMA 12/ 3R and neet the requirenments of UL 50. All

cabi nets shall be fabricated from sheet steel of not |less than 3.5
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mllimeters (No. 10 gage) if flush-mounted or nounted outdoors, and not
less than 2.7 millineters (No. 12 gage) if surface-nounted indoors, with
full seam wel ded box ends. Cabinets nounted outdoors or flush-nounted
shall be hot-di pped gal vani zed after fabrication. Cabinets shall be

pai nted in accordance with paragraph PAINTING Qutdoor cabinets shall be
of NEMA 12/ 3R raintight. Front edges of cabinets shall be formflanged or
fitted with structural shapes welded or riveted to the sheet steel, for
supporting the panel board front. All cabinets shall be so fabricated that
no part of any surface on the finished cabinet shall deviate froma true

pl ane by nore than 3 millineters (1/8 inch). Holes shall be provided in
the back of indoor surface-nounted cabinets, with outside spacers and
inside stiffeners, for nounting the cabinets with a 15 nmillinmeter (1/2

i nch) clear space between the back of the cabinet and the wall surface

Fl ush doors shall be npunted on hinges that expose only the hinge roll to
vi ew when the door is closed. Each door shall be fitted with a conbi ned
catch and | ock, except that doors over 600 mllinmeters (24 inches) |ong
shall be provided with a three-point |atch having a knob with a T-handl e,
and a cylinder Iock. Two keys shall be provided with each | ock, and al

| ocks shall be keyed alike. Finished-head cap screws shall be provided for
nounting the panel board fronts on the cabinets. Enclosure shall have
namepl ates in accordance w th paragraph NAVEPLATES. Directory hol ders,
containing a neatly typed or printed directory under a transparent cover,
shall be provided on the inside of panel board doors.

2.6.2 Buses

Al'l panel boards shall be of the dead-front type with buses and circuit
breakers nounted on a plate or base for installation as a unit in a
cabinet. All buses shall be nmade of copper. Copper bars and shapes for
bus conductors shall conformto the applicable requirenments of ASTM B 187
The sizes of buses and the details of panel board construction shall neet or
exceed the requirenents of NEMA PB 1. Suitable provisions shall be nmade for
nounting the bus within panel boards and adjusting their positions in the
cabinets. Terminal lugs required to accommpdate the conductor sizes shown
on the drawi ng, shall be provided for all branch circuits larger than No
10 AWG. A grounding lug suitable for 1/0 AWG wire shall be provided for
each panel boar d.

2.6.3 Conponent s

Each branch circuit, and the main buses where so specified or shown on the
drawi ngs, shall be equi pped with nol ded-case circuit breakers having
overcurrent trip ratings as shown on the drawings. The circuit breakers
shall be of a type designed for bolted connection to buses in a panel board
assenbly, and shall neet the requirenments of paragraph MOLDED CASE CI RCUI T
BREAKERS. Circuit breakers of the same franme size and rating shall be

i nt er changeabl e

2.7 {AM#2} M NI POAER CENTERS

{AVE#2} The mini power center shall be built according to the | atest
revision of ANSI C 89.2 (ST-20). It shall feature a self-contained indoor
outdoor non-ventil ated enclosure that incorporates a primary breaker, dry
type transfornmer, secondary main breaker and a secondary distribution
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section. Units shall be designed for continuous operation at rated KVA
for 24 hours a day, 365 days a year operation with normal life expectancy
as defined in ANSI C 57.96.

2.7.1 { AVE#2} Transf ornmer

{AME#2} Transforner sound |l evels shall not exceed the follow ng ANSI and
NEMA levels for self-cooled ratings: 0 to 9 KVA - no nore than 40db.

2.7.2 {AVME#2} | nsul ation Systens

{AVE#2} a. Transforners shall be insulated with a 185 degree C insulation
system mi ni num

b. Requi red performance shall be obtai ned without exceeding the
above indicated tenperature rise in a 40 degree C maxi num anbient, with a
30 degree C average over 24 hours.

C. All insulation materials shall be flanme-retardant and shall
not support conbustion as defined in ASTM Standards Test Method D 635.

2.7.3 {AVE#2} Core and Coil Assenblies

{ AMVE2} a. Transforner core shall be constructed with high-grade,
nonagi ng, grain-oriented silicon steel with high magnetic perneability, and
| ow hysteresis and eddy current |losses. Maxi num magnetic flux densities
shall be substantially below the saturation point. The transforner core
volunme shall allow efficient transfornmer operation at 10% above the nom nal
tap voltage. The core lamnations shall be tightly cl anped and conpressed.
Coils shall be wound of electrical grade alumi numw th conti nuous wound
construction.

b. The core and coil assenbly shall be conpletely encapsulated in
a proportioned mxture of resin and aggregate to provide a noisture-proof,
shock-resistant seal. The core and coil encapsul ation system shall

mnimze the sound | evel.

C. The core of the transfornmer shall be grounded to the encl osure.

d. Provide minimumtwo (2) FCBN taps.

2.7.4  {AW2} Bus

{ AME#2} Secondary bus shall be al um num

2.7.5 {AVE#2} Wring/ Term nations

{ AMVE#2} a. All interconnecting wiring between the prinmary circuit breaker
and transforner, secondary main circuit breaker and transforner and
distribution section shall be factory installed and terninated.

b. All transforners shall be equipped with a wiring conpartnent
suitable for conduit entry and | arge enough to all ow convenient wring.
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2.7.6 {AVH#2} Mai n Devices

{AVE#2} Each mini-power center shall include a main primary circuit breaker
with an interrupting rating of 14 KA at 277/480 volts; and a secondary
panel board with a main circuit breaker rated 10 KA at 120/240; or 208Y/ 120
as applicable

2.7.7 { AMH#2} Feeder Devices

{AVE#2} The secondary distribution section shall accommbdate standard
panel board circuit breakers with 10 KA interrupting capacity.

2.7.8 { AME#2} Encl osure

{ AMVE2} a. The encl osure shall be nade of heavy-gauge steel and the
maxi mum tenperature of the enclosre exterior shall not exceed 90 degrees C

b. The encl osure shall be totally enclosed, nonventilated, with
lifting eyes.

C. Unl ess specified otherwi se on the drawi ngs, enclosue rating
shall be NEMA #R. Encl osure door shall accept padl ock

2.8 PAI NTI NG

Interior and exterior steel surfaces of equi pnment enclosures shall be
thoroughly cl eaned and then receive a rust-inhibitive phosphatizing or
equi valent treatnment prior to painting. Exterior surfaces shall be free
from hol es, seans, dents, weld narks, |oose scale or other inperfections.
Interior surfaces shall receive not |ess than one coat of
corrosion-resisting paint in accordance with the manufacturer's standard
practice. Exterior surfaces shall be prinmed, filled where necessary, and
gi ven not |less than two coats baked enanel with sem gl oss finish

Equi prrent | ocated i ndoors shall be ANSI Light Gray, and equi pnent |ocated
outdoors shall be ANSI Light Grey. Al touch-up work shall be done with
manuf acturer's coatings as supplied under paragraph SPARE PARTS

2.9 FACTORY TESTS

Each item of equi prment supplied under this contract shall be given the
manuf acturer's routine factory tests and tests as specified below, to

i nsure successful operation of all parts of the assenmblies. All tests
requi red herein shall be witnessed by the Contracting O ficer unless waived
in witing, and no equi prent shall be shipped until it has been approved
for shipnent by the Contracting Officer. The Contractor shall notify the
Contracting O ficer a m ninmum of 14 days prior to the proposed date of the
tests so that arrangenents can be made for the Contracting O ficer to be
present at the tests. The factory test equi pnent and the test nethods used
shall conformto the applicable NEMA Standards, and shall be subject to the
approval of the Contracting Officer. Reports of all wtnessed tests shal
be signed by wi tnessing representatives of the Contractor and Contracting
O ficer. The cost of perfornming all tests shall be borne by the Contractor
and shall be included in the prices bid in the schedule for equipnent.
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2.9.1 (AMg2} Tests

2.9.1.1 { AM#2} DELETED

2.9.1.2 { AM#2} Panel boards and M ni_ Power Center Tests

{AME#2} Each panel board and m ni power center shall be assenbled with
cabinet and front to the extent necessary to check the fit and provisions
for installing all parts in the field. Each panel board shall be given a
dielectric test in accordance with NEMA PB 1. All circuit breakers shal
be operated to check nechani cal adjustnents. All doors and |ocks shall be
checked for door clearances and fits and the performance of |ock and

| at ches.

2.9.1.3 {AVE#2} Short Circuit Tests
{AVE2} If the unit is not UL | abeled for the specified short circuit, the
contractor nmay submit design tests denonstrating that satisfactory
short-circuit tests have been nmade on a switchboard of sinmilar type of
construction and of the sane short-circuit rating as the swi tchboards
speci fied to be furnished under these specifications.

PART 3 EXECUTI ON ( Not Appli cabl e)

-- End of Section --
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SECTI ON 16410
AUTOVATI C TRANSFER SW TCH AND BY- PASS/ | SOLATI ON SW TCH
05/ 99
AMENDMENT NO. 0002
PART 1 GENERAL
1.1 REFERENCES

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

AMERI CAN SOCI ETY FOR TESTI NG AND MATERI ALS (ASTM
ASTM B 117 (1997) Operating Salt Spray (Fog) Apparatus
| NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENG NEERS (| EEE)

| EEE C37.13 (1990; R 1995) Low Vol tage AC Power
Circuit Breakers Used in Enclosures

| EEE C37.90.1 (1989; R 1991) | EEE Standard Surge
Wt hstandi ng Capability (SWC) Tests for
Protective Rel ays and Rel ay Systens

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

| EEE Std 602 (1996) Recommended Practices for Electric
Systens in Health Care Facilities

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMR)
NEMA | CS 1 (1993) Industrial Controls and Systens
NEMA | CS 2 (1993) Industrial Control and Systens
Control l ers, Contactors, and Overl oad
Rel ays Rated Not Mdre Than 2,000 Volts AC
or 750 Volts DC

NEMA | CS 4 (1993) Industrial Control and Systens
Term nal Bl ocks

NEMA | CS 6 (1993) Industrial Control and Systens,
Encl osures

NEMA | CS 10 (1993) Industrial Control and Systenms: AC
Transfer Switch Equi pnment

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

NFPA 70 (1999) National Electrical Code
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NFPA 110 (1999) Enmergency and Standby Power Systens

UNDERWRI TERS LABORATORI ES (UL)

UL 1008 (1996; Rev Sep 1997) Transfer Switch
Equi pnent
UL 1066 (1997) Low Vol tage AC and DC Power Circuit

Breakers Used in Encl osures
1.2 GENERAL REQUI REMENTS
1.2.1 St andard Product

Mat eri al and equi pnment shall be standard products of a manufacturer

regul arly engaged in manufacturing the products and shall essentially
duplicate itens that have been in satisfactory use for at |east 2 years
prior to bid opening. The experience use shall include applications in
simlar circunstances and of sane design and rating as specified ATS

Equi prent shall be capabl e of being serviced by a manufacturer-authorized
and trained organization that is, in the Contracting Oficer's opinion,
reasonably convenient to the site.

1.2.2 Namepl at e

Nanmepl at e showi ng manufacturer's name and equi prent ratings shall be nade
of corrosion-resistant material with not Iess than 3 mmtall characters.
Nanmepl ate shall be nounted to front of enclosure and shall conply with
nanmepl ate requi renents of NEMA | CS 2.

1.3 SUBM TTALS

Governnment approval is required for submttals with a "GA" designation;
subnmttals having an "FIO' designation are for information only. The
follow ng shall be submitted in accordance with Section 01330 SUBM TTAL
PROCEDURES:

SD- 04 Drawi ngs
Swi tches; FIO.

Schematic, external connection, one-line schematic and wiring diagram of
each ATS assenbly. Interface equi pment connection di agram showi ng conduit
and wiring between ATS and rel ated equi pnment. Device, naneplate, and item
nunbers shown in |ist of equipnent and material shall appear on draw ngs
wherever that item appears. Diagrans shall show interl ocking provisions
and cautionary notes, if any. Operating instructions shall be shown either
on one-line diagram or separately. Unless otherw se approved, one-line and
el enentary or schematic diagrans shall appear on sane draw ng.

Equi prent; FI O

Di mrensi oned pl ans, sections and el evati ons showi ng m ni mum cl ear ances,
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wei ghts, and conduit entry provisions for each ATS.
SD- 07 Schedul es
Mat eri al, Equi pnent, and Fi xture Lists; FIO.

Li st of proposed equi prent and material, containing a description of each
separate item

SD- 09 Reports
Tests; GA

A description of proposed field test procedures, including proposed date
and steps describing each test, its duration and expected results, not |ess
than two weeks prior to test date.

Certified factory and field test reports, within 14 days foll ow ng
conpletion of tests. Reports shall be certified and dated and shall
denonstrate that tests were successfully conpleted prior to shipnent of
equi pnent .

SD-13 Certificates
Equi prent and Materials; FIO

Certificates of conpliance showi ng evidence of UL listing and confornmance
with applicable NEMA standards. Such certificates are not required if
manuf acturer's published data, submtted and approved, reflect UL listing
or conformance with applicabl e NEMA standards.

Swi t chi ng Equi prent; FI O

Evi dence that ATS withstand current rating (WCR) has been coordinated with
upstream protective devices as required by UL 1008. Upon request,

manuf acturer shall also provide notarized letter certifying conpliance with
requi rements of this specification, including withstand current rating.

SD- 19 Operation and Mi ntenance Manual s
Swi t chi ng Equi prent; FI O

Si x copies of operating manual outlining step-by-step procedures for system
startup, operation, and shutdown. Mnual shall include manufacturer's

nanme, nodel nunber, service manual, parts list, and brief description of
equi pnent and basic operating features. Mnufacturer's spare parts data
shall be included with supply source and current cost of recommended spare
parts. Six copies of mmintenance manual |isting routine maintenance,
possi bl e breakdowns, repairs, and troubl eshooti ng guide. Mnual shal
include sinplified wiring and control diagrans for systemas installed

1.4 SERVI CE CONDI TI ONS

{ AVE2} . ATS shall be suitable for prolonged performance
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under follow ng service conditions:
a. Altitude: 1200 m above nean sea |evel.
b. Relative Humidity: {AM#2} 85 percent, continuous.

c. Tenperature: Mnus 20 to {AM#2} 43 degrees C

PART 2 PRODUCTS

2.

2.

1 AUTOVATI C TRANSFER SW TCH (ATS)

ATS shall be electrically operated and nechanically held in both operating
positions. ATS shall be suitable for use in standby systens described in
NFPA 70. ATS shall be UL listed. ATS shall be manufactured and tested in
accordance with applicable requirenents of | EEE C37.90.1, |EEE C37.13, |EEE
C62.41, |EEE Std 602, NEMA ICS 1, NEMA ICS 2, NEMA ICS 10, UL 1008 and UL
1066. ATS shall conformto NFPA 110. To facilitate mintenance,

manuf acturer's instruction manual shall provide typical maximum contact

vol tage drop readi ngs under specified conditions for use during periodic
mai nt enance. Manufacturer shall provide instructions for deternination of
contact integrity. ATS shall be rated for continuous duty at specified
continuous current rating. {AM2} {AVH#2} . ATS shal
have foll owi ng characteristics:

a. Voltage: 480 volts ac.
b. Number of Phases: Three.
c. Nunmber of Wres: Four

d. Frequency: 60 Hz.

e. Poles: Three switched.

f. ATS WCR. Rated to withstand short-circuit current of 30,000
anperes, RMS synmetri cal

g. Nonwel ding Contacts: Rated for nonwel di ng of contacts when used
wi th upstream feeder overcurrent devices shown and with avail abl e
fault current specified.

h. Main Contacts: Contacts shall have silver alloy conposition.
1.1 Override Tinme Del ay

Time delay to override nonitored source deviation shall be adjustable from
0.5 to 6 seconds and factory set at 1 second. ATS shall nonitor phase
conductors to detect and respond to sustained voltage drop of 25 percent of
non nal between any two normal source conductors and initiate transfer
action to energency source and start engine driven generator after set tine
period. Pickup voltage shall be adjustable from85 to 100 percent of

nonmi nal and factory set at 90 percent. Dropout voltage shall be adjustable
from75 to 98 percent of pickup value and factory set at 85 percent of
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nom nal

2.1.2 Transfer Time Del ay
Time del ay before transfer to energency power source shall be adjustable
fromO to 5 mnutes and factory set at 0 minutes. ATS shall nonitor
frequency and vol tage of energency power source and transfer when frequency
and voltage are stabilized. Pickup voltage shall be adjustable from85 to
100 percent of nominal and factory set at 90 percent. Pickup frequency
shall be adjustable from90 to 100 percent of nom nal and factory set at 90
percent .

2.1.3 Return Ti ne Del ay
Time delay before return transfer to normal power source shall be
adjustable fromO to 30 mnutes and factory set at 15 minutes. Tine delay
shall be autommtically defeated upon | oss or sustained undervoltage of
ener gency power source, provided that normal supply has been restored

2.1. 4 Engi ne Shut down Ti e Del ay

Time delay shall be adjustable fromO to 30 m nutes and shall be factory
set at 15 m nutes.

2.1.5 Exer ci ser
A generator exerciser tinmer is not required
2.1.6 Auxi liary Contacts
Two normal |y open and two normally closed auxiliary contacts rated at 10
anperes at 120 volts shall operate when ATS is connected to normal power
source, and two nornally open and two nornally closed contacts shal
operate when ATS is connected to energency source
2.1.7 Suppl enrent al Feat ures
ATS shall be furnished with the foll ow ng:
a. Engine start contact.
b. Enmergency source nonitor

c. Test switch to sinmulate normal power outage.

d. Voltage sensing. Pickup voltage adjustable from85 to 100 percent
of nominal; dropout adjustable from 75 to 98 percent of pickup

e. Time delay bypass switch to override return tinme delay to normal.
f. Manual return-to-normal switch
g. Means shall be provided in the ATS to insure that

mot or/transformer | oad i nrush currents do not exceed nornal
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starting currents. This shall be acconplished with either

i n-phase nonitoring, tinme-delay transition, or |oad voltage decay
sensing methods. |If manufacturer supplies an in-phase nonitoring
system the manufacturer shall indicate under what conditions a
transfer cannot be acconplished. |f the manufacturer supplies a
time-delay transition system the manufacturer shall supply
recommendati ons for establishing tinme delay. |If |load voltage
decay sensing is supplied, the load voltage setting shall be user
progr ammabl e.

2.1.8 Oper at or

Manual operator conforming to UL 1008 shall be provided, and shal

i ncorporate features to prevent operation by unauthorized personnel. ATS
shall be designed for safe manual operation under full |oad conditions. If
manual operation is acconplished by opening the door, then a dead-front
shall be supplied for operator safety.

2.1.9 Override Switch

Override switch shall bypass automatic transfer controls so ATS will
transfer and remain connected to enmergency power source, regardl ess of
condition of normal source. |If energency source fails and normal source is
avail abl e, ATS shall automatically retransfer to normal source

2.1.10 Green | ndicating Light

A green indicating |light shall supervise/provide nornal power source switch
position indication and shall have a nanepl ate engraved NORVAL.

2.1.11 Red I ndicating Light

A red indicating light shall supervise/provi de energency power source
switch position indication and shall have a nanepl ate engraved EMERGENCY

2.2 ENCL OSURE

ATS and accessories shall be installed in wall-nmunted NEMA I CS 6, Type 4,
snmoot h sheet netal enclosure constructed in accordance with applicable
requi renents of UL 1066 and/or UL 1008. Thernostatically controlled heater
shall be provided within enclosure to prevent condensati on over tenperature
range stipulated in paragraph SERVICE CONDI TI ONS. Metal gauge shall be not
| ess than No. 14. Enclosure shall be equipped with at |east two approved
groundi ng lugs for grounding enclosure to facility ground system usi ng No

4 AWG copper conductors. Factory wiring within enclosure and field wiring
termnating within enclosure shall conmply with NFPA 70. |If wiring is not
col or coded, wire shall be pernmanently tagged or marked near term nal at
each end with wire nunmber shown on approved detail draw ng. Term nal bl ock
shall conformto NEMA ICS 4. Term nals shall be arranged for entrance of
external conductors from bottom of enclosure as shown. Miin switch
terminals, including neutral termnal if used, shall be pressure type
suitable for ternmination of external copper conductors shown.

2.2.1 Construction
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Encl osure shall be constructed for ease of renoval and repl acenent of ATS
conmponents and control devices fromfront w thout disconnection of externa
power conductors or renoval or disassenbly of mmjor conponents. Enclosure
of ATS with BP/ 1S shall be constructed to protect personnel from energized
BP/ IS conmponents during ATS nmi nt enance

2.2.2 Cl eani ng and Pai nting
Both the inside and outside surfaces of an enclosure, including nmeans for
fastening, shall be protected against corrosion by enaneling, galvanizing,
pl ati ng, powder coating, or other equivalent neans. Protection is not
required for netal parts that are inherently resistant to corrosion,
bearings, sliding surfaces of hinges, or other parts where such protection
is inpractical. Finish shall be manufacturer's standard material, process,
and color and shall be free fromruns, sags, peeling, or other defects. An
encl osure marked Type 1, 3R, 4 or 12 shall be acceptable if there is no
visible rust at the conclusion of a salt spray (fog) test using the test
nmet hod in ASTM B 117, enploying a 5 percent by weight, salt solution for 24

hours. Type 4X encl osures are acceptable follow ng performnce of the above
test with an exposure tinme of 200 hours.

2.3 TESTI NG
2.3.1 Factory Testing

A prototype of specified ATS shall be factory tested in accordance with UL
1008. In addition, factory tests shall be perforned on each ATS as foll ows:

a. Insulation resistance test to ensure integrity and continuity of
entire system

b. Main switch contact resistance test.
c. Visual inspection to verify that each ATS is as specified.

d. Mechanical test to verify that ATS sections are free of mechanica
hi ndr ances.

e. Electrical tests to verify conplete systemelectrical operation
and to set up tinme delays and voltage sensing settings.

2.3.2 Factory Test Reports

Manuf acturer shall provide three certified copies of factory test reports.
PART 3  EXECUTI ON
3.1 | NSTALLATI ON

ATS shall be installed as shown and in accordance with approved
manuf acturer's instructions.

3.2 I NSTRUCTI ONS
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Manuf acturer's approved operating instructions shall be permanently secured
to cabi net where operator can see them One-line and elenentary or
schemati ¢ di agram shall be permanently secured to inside of front enclosure
door .

3.3 SI TE TESTI NG

Fol l owi ng conpletion of ATS installation and after nmaki ng proper

adj ustnments and settings, site tests shall be performed in accordance with
manuf acturer's witten instructions to denonstrate that each ATS functions
satisfactorily and as specified. Contractor shall advise Contracting

O ficer not less than 5 working days prior to schedul ed date for site
testing, and shall provide certified field test reports within 2 cal endar
weeks followi ng successful conpletion of site tests. Test reports shal
descri be adjustnments and settings nmade and site tests perforned. M ninum
operational tests shall include the follow ng:

a. Insulation resistance shall be tested, both phase-to-phase and
phase-to-ground.

b. Power failure of normal source shall be sinulated by opening
upstream protective device. This test shall be perfornmed a
m ni mum of five tines.

c. Power failure of energency source with normal source avail abl e
shall be sinulated by opening upstream protective device for
energency source. This test shall be performed a mninmum of five
times.

d. Low phase-to-ground voltage shall be sinmulated for each phase of
nor mal source.

e. Operation and settings shall be verified for specified ATS
features, such as override tine delay, transfer tine delay, return
time del ay, engine shutdown tinme delay, exerciser, auxiliary
contacts, and suppl enental features.

f. Mnual and automatic ATS { AM#2} functions shall be verified.

-- End of Section --
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SECTI ON 16526
Al RFI ELD AND HELI PORT LI GHTI NG AND VI SUAL NAVI GATI ON Al DS
09/ 92
AMENDMENT NO. 0002

PART 1 GENERAL
1.1 REFERENCES

The publications listed below forma part of this specification to the

extent referenced. The publications are referred to in the text by the

basi ¢ designation only.

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

ASTM A 123 (1989a) Zinc (Hot-Di p Gal vani zed) Coati ngs
on lron and Steel Products

ASTM A 153 (1996) Zinc Coating (Hot Dip) on Iron and
St eel Har dwar e

ASTM A 780 (1993a) Repair of Damaged and Uncoat ed
areas of Hot-Di pped Gal vani zed Coati ngs

ASTM B 117 (1997) Operating Salt Spray (Fog) Apparatus

ASTM D 709 (1992) Lam nated Thernosetting Materials

ASTM D 1654 (1992) Eval uation of Painted or Coated

Speci nens Subj ected to Corrosive
Envi ronnment s

FACTORY MUTUAL ENG NEERI NG AND RESEARCH (FM
FM P7825a (1998) Approval CGuide Fire Protection
FM P7825b (1997) Approval Cuide Electrical Equipnent

FEDERAL AVI ATI ON ADM NI STRATI ON ( FAA)

FAA AC 150/5345-7 (Rev D; Change 1) L-824 Underground
El ectrical Cable for Airport Lighting
Circuits

FAA AC 150/5345-10 (Rev E) Constant Current Regul ators

Regul at or Monitors

FAA AC 150/ 5345-26 (Rev B; Changes 1 & 2) L-823 Plug and
Recept acl e, Cabl e Connectors

FAA AC 150/ 5345-42 (Rev C, Change 1) Airport Light Bases,
Transf ormer Houses, Junction Boxes and
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Accessories

FAA AC 150/ 5345-44 (Rev F; Change 1) Taxiway and Runway Signs

FAA AC 150/ 5345- 46 (Rev A) Runway and Taxiway Light Fixtures

FAA AC 150/ 5345-47 (Rev A) Isolation Transforners for Airport
Li ghting Systens

FAA C- 6046 (1978) Frangi ble Coupling Type | and Type
1A, Details

| NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENG NEERS (| EEE)
| EEE C2 (1997) National Electrical Safety Code

| EEE C62. 11 (1993) | EEE Standard Metal - Oxi de Surge
Arresters for AC Power Circuits

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

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATl ON ( NEMR)
NEMA LA 1 (1992) Surge Arresters
NEMA RN 1 (1989) Pol yvinyl-Chloride (PVC) Externally
Coat ed Gal vani zed Rigid Steel Conduit and
I ntermedi ate Metal Conduit
NATI ONAL FI RE PROTECTI ON ASSOCI ATl ON ( NFPA)
NFPA 70 (1999) National Electrical Code

STEEL STRUCTURES PAI NTI NG COUNCI L ( SSPC)

SSPC Pai nt 20 (1991) Zinc-Rich Prinmers (Type | -
I norganic and Type Il - Organic)

UNDERWRI TERS LABORATORI ES (UL)

UL El ecconst Dir (1997) Electrical Construction Equi pnent
Directory

UL 6 (1997) Rigid Metal Conduit

UL 510 (1994; Rev thru Nov 1997) Pol yvi nyl

Chl ori de, Polyethyl ene and Rubber
I nsul ati ng Tape

uL 797 (1993; Rev Mar 1997) Electrical Metallic
Tubi ng
UL 1242 (1996; Rev Apr 1997) Internedi ate Metal
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Condui t
1.2 GENERAL REQUI REMENTS

Itenms of the sanme classification shall be identical including equipnent,
assenblies, parts, and conponents.

1.2.1 Code Conpliance

The installation shall conply with the requirenments and recomendati ons of
NFPA 70 and | EEE C2 and | ocal codes where required

1.2.2 St andard Product
Mat eri al and equi prent shall be a standard product of a manufacturer
regul arly engaged in the manufacture of the product and shall essentially
duplicate itens that have been in satisfactory use for at |east 2 years
prior to bid opening.

1.2.3 Prevention of Corrosion

1.2.3.1 Metallic Materials

Metallic materials shall be protected against corrosion as specified
Al um num shall not be used in contact with earth or concrete.

1.2.3.2 Ferrous Metal Hardware

Ferrous metal hardware shall be hot-dip gal vanized in accordance with ASTM
A 123 and ASTM A 153

1.2.3.3 Lum naires Fabricated from Ferrous Metals
Lum naires fabricated fromferrous netals, unless hot-dip gal vani zed or of
porcel ain enanel finish shall be factory finished with a weather-resistant
finish in accordance with paragraphs FACTORY COATI NG and FI NI SHI NG, except
exposure shall be 200 hours. Finish color shall be the manufacturer's
standard, unless otherw se indicated

1.2. 4 Unusual Service Conditions

Itens furnished under this section shall be specifically suitable for the
foll owi ng unusual service conditions:

1.2.4.1 Al titude
Any equi prrent shall be suitable for operation up to an altitude of 1200 m
1.2.4.2 O her

Mat erial or equipnent to be installed in handhol es, manholes; or in |ight
bases, shall be suitable for subnerged operation

1.2.5 Verification of D nensions
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The Contractor shall becone familiar with details of the work, verify
di mrensions in the field, and advise the Contracting O ficer of any
di screpancy before perform ng any worKk.

1.3 SYSTEM DESCRI PTI ON

The airfield lighting and visual navigation aids shall consist of taxiway
lights, taxiway signs and the |ighting power supply and control.

1.4 SUBM TTALS

Governnment approval is required for submttals with a "GA" designation;
subnmittals having an "FIO' designation are for information only. The
follow ng shall be submitted in accordance with Section 01330 SUBM TTAL
PROCEDURES:

SD- 01 Dat a
Mat eri al s and Equi pnent; FIO.
A conplete item zed listing of equipnment and nmaterials proposed for
i ncorporation into the work. Each item zation shall include an item
nunber, the quantity of itens proposed, and the nanme of the manufacturer.
Dat a conposed of catalog cuts, brochures, circulars, specifications and
product data, and printed information in sufficient detail and scope to
verify conpliance with requirenents of the contract docunents.
Protection Plan; FIO
Det ai | ed procedures to prevent damage to existing facilities or
infrastructures. |f danage does occur, the procedures shall address repair
and repl acenent of dammged property at the Contractor's expense.
Trai ning; FIO
Informati on describing training to be provided, training aids to be used,
sanpl es of training materials to be provided, and schedul es of training,
two weeks before training is scheduled to begi nch

Speci al Tools; FIO

Li st of special tools and test equi pnent required for mai ntenance and
testing of the products supplied by the Contractor.

Parts List; FIO

A list of parts and conponents for the system by manufacturer's name, part
nunber, nomencl ature, and stock |evel required for maintenance and repair
necessary to ensure continued operation with mninml del ays.

SD- 04 Drawi ngs

Li ghting and Navigation Aids; FIOQO
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Coordi nati on drawi ngs consisting of conposite drawi ngs showi ng coordi nation
of work of one trade with that of other trades and with the structural and
architectural elements of the work. Drawi ngs shall be in sufficient detai
to show overall dinmensions of related itenms, clearances, and relative

| ocations of work in allotted spaces. Draw ngs shall indicate where
conflicts or clearance probl ens exist between the various trades.

As-Bui |t Draw ngs; FIO

Drawi ngs that provide current factual information including deviations

from and anmendnents to the drawi ngs and changes in the work, conceal ed and
visible, shall be provided as instructed. The as-built draw ngs shall show
installations with respect to fixed installations not associated with the
systens specified hereinch Cable and wire shall be accurately identified
as to direct-burial or in conduit and shall |ocate the connection and
routing to and away from bases, housings, and boxes.

SD-06 Instructions
Repair Requirenments; FIO

Instructions necessary to check out, troubl eshoot, repair, and replace
conmponents of the systens, including integrated electrical and mechani ca
schemati cs and di agrans and di agnosti c techni ques necessary to enable
operation and troubl eshooting after acceptance of the system shall be
provi ded.

Posted Instructions; GA

A typed copy of the proposed posted instructions showing wiring, contro

di agrans, conplete | ayout and operating instructions explaining preventive
mai nt enance procedures, nethods of checking the systemfor normal safe
operation, and procedures for safely starting and stopping the system
Proposed di agrans, instructions, and other sheets shall be submitted prior
to posting

SD- 09 Reports
Test Results; FIO.

Upon conpl etion and testing of the installed system perfornmance test
reports are required in booklet formshowing all field tests perforned to
adj ust each conponent and all field tests perfornmed to provide conpliance
with the specified perfornmance criteria. Each test shall indicate the
final position of controls.

Field test reports shall be witten, signed and provided as each circuit or
installation itemis conpleted. Field tests shall include

resi stance-to-ground and resi stance between conductors, and continuity
nmeasurenents for each circuit. For each series circuit, the input voltage
and output current of the constant current regulator at each intensity
shall be measured. For nultiple circuits the input and out put voltage of
the transfornmer for each intensity setting shall be neasured. A visua
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i nspection of the lights operation, or of the markings appearance, or of
the installation of fixtures or units installed shall be reported

I nspection; FIO.

I nspection reports shall be prepared and provi ded as each stage of
installation is conpleted. These reports shall identify the activity by
contract nunber, |ocation, quantity of material placed, and conpliance with
requi renments.

SD- 13 Certificates
Qualifications; FIO

Certifications, when specified or required, Certified Factory and Field
Test Reports, and Certificates of Conpliance submitted in |lieu of other
proofs of conpliance with these contract provisions.

Mat eri al s and Equi pnent; FIO.

When equi pnent or materials are specified to conformto the standards or
publications and requirenents of AASHTO ANSI, ASTM AEIC, FM |EEE, |ES
NEMA, NFPA, or UL, or to an FAA, FS, or MS, proof that the itens furnished
under this section of the specifications conformto the specified

requi renents shall be included. The label or listing in UL Elecconst Dir
or in FM P7825a, FM P7825b or the manufacturer's certification or published
catal og specification data statenent that the itens conply with applicable
speci fications, standards, or publications and with the manufacturer's
standards wi |l be acceptabl e evidence of such conpliance. Certificates
shall be prepared by the manufacturer when the manufacturer's published
data or drawi ngs do not indicate conformance with other requirements of
these specifications.

SD- 19 Operation and Mintenance Manual s
Equi prent; FI O

Si x copies of operation and six copies of mmintenance manuals for the

equi pnent furni shed. One conplete set shall be furnished prior to
performance testing and the renmi nder shall be furnished upon acceptance
Operating manual s shall detail the step-by-step procedures required for
system startup, operation, and shutdown. Operating manuals shall include
the manufacturer's nane, nodel nunber, parts list, and brief description of
all equi pnent and their basic operating features. Maintenance nmanual s
shall list routine maintenance procedures, possible breakdowns and repairs,
and troubl eshooting guides. Mintenance manuals shall include conduit and
equi pnent |ayout and sinplified wiring and control diagrans of the system
as installed.

PART 2 PRODUCTS
2.1 MATERI ALS

Equi prent and nmeterials shall be new unless indicated or specified
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otherwi se. Materials and equi prment shall be | abell ed when approved by
Underwriters Laboratories (UL) or Factory Mutual (FM System Askarel and
i nsulating |iquids containing polychlorinated bi phenyls (PCB's) will not be
allowed in any equi pnent. Equi pnent installed below grade in vaults,
manhol es, and handhol es shall be the subnersible type

2.1.1 El ectrical Tape
El ectrical tape shall be UL 510 plastic insulating tape
2.1.2 Namepl at es

Each maj or conponent of equipnent shall have as a nininmumthe

manuf acturer's nane, address, and catal og or style nunmber on a naneplate
securely attached to the item of equipnent. Laninated plastic nanepl ates
shall be provided for equipnent, controls, and devices to identify
function, and where applicable, position. Naneplates shall be 3.2 nm (1/8
inch) thick |am nated cellul ose paper base phenolic resin plastic
conformng to ASTM D 709 sheet type, grade ES-3, white with black center
core. Surface shall be a matte finish with square corners. Lettering
shall be engraved into the black core. Size of naneplates shall be 25.4 mm
by 63.5 mm (1 by 2-1/2 inch) minimumw th nmininmm6.4 mm (1/4 inch) high
normal bl ock |ettering. Nanmeplates provided as indicated. Naneplates
shal |l be fastened to the device with a mininumof two sheet nmetal screws or
two rivets.

2.1.3 Conduit, Conduit Fittings, and Boxes

2.1.3.1 Rigid Steel or Internmediate Metal Conduit (IMC) and Fittings
The nmetal conduit and fittings shall be UL 6 and UL 1242, respectively,
coated with a polyvinylchloride (PVC) sheath bonded to the gal vani zed
exterior surface, nomnal 1.0 nm (40 mls) thick, conformng to NEMA RN 1

2.1.3.2 Pl astic Duct for Concrete Encased Buria

These ducts shall be provided as specified in Section 16375, ELECTRI CAL
DI STRI BUTI ON SYSTEM UNDERGROUND

2.1.3.3 Frangi bl e Couplings and Adapters

These frangi bl e couplings shall be in accordance with FAA C-6046. Upper
section of frangible coupling shall be provided with one of the follow ng:

a. Unthreaded for slip-fitter connections.

b. 61.1 mm (2-13/32 inch) 16N 1A nodified thread for nut and
conpression ring to secure 53 nm (2 inch) EM.

c. 53 mMm (2 inch) 11-1/2-N.P.T. (tapered) with 5.6 mm (7/32 inch)
nom nal wall thickness to accept rigid conduit coupling.

d. Frangible Couplings for specialized applications as approved.
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e. Electrical Metallic Tubing UL 797, where indicated for use with
frangi bl e couplings and adapters.

2.1. 4 Wre and Cable for Airfield Lighting Systens

a. Airfield lighting cable shall be FAA AC 150/5345-7, Type L-824,
crosslinked pol yethyl ene, Type C, 5000-volt cable. Series
airfield lighting cable shall be unshiel ded.

b. Counterpoise Wre. No. 4 AWG bare stranded copper, anneal ed or
soft drawn.

2.1.5 Cabl e Tags

Cabl e tags for each cable or wire shall be installed at duct entrances
entering or |eaving manhol es, handholes, and at each terminal within the
lighting vault. Cable tags shall be stainless steel, bronze, |lead strap,
or copper strip, approximately 1.6 mm (1/16 inch) thick or hard plastic 3.2
nm (1/8 inch) thick suitable for immersion in salt water and inpervious to
petrol eum products and shall be of sufficient length for inprinting the

| egend on one line using raised letters. Cable tags shall be pernmanently
mar ked or stanped with letters not less than 6.4 mm (1/4 inch) in height as
i ndicated. Two-color lamnated plastic is acceptable. Plastic tags shal
be dark col ored with markings of light color to provide contrast so that
identification can be easily read. Fastening nmaterial shall be of a type
that will not deteriorate when exposed to water with a high saline content
and to petrol eum products.

2.1.6 Ground Rods

Ground rods shall be copper-clad steel, 19.1 nm (3/4 inch) in dianmeter and
3.048 neters (10 feet) long, unless indicated otherw se

2.1.7 Li ghtning Arresters

These lightning arresters shall be in accordance with | EEE C62.11 and | EEE
C62.41 as applicable with ratings as indicated

2.1.8 Surge Protection
Surge protection shall be netal oxide varistors (M) in accordance with
NEMA LA 1 for power and signal circuits with ratings as recommended by the
syst em manuf act urer

2.1.9 Cabl e Connectors and Splices
Cabl e connectors in accordance with FAA AC 150/ 5345-26, Item L-823 shall be
used for connections and splices appropriate for FAA L-824, Type C lighting
cabl e

2.1.10 Transforners

2.1.10.1 Encapsul ated Isol ati on Transformers
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These transforners shall be FAA AC 150/5345-47, Type L-830. Each
transforner shall be provided with rating as shown on the contract draw ngs.

2.1.11 Li ght Bases
Li ght bases shall be FAA AC 150/5345-42 Type L-868. Steel bases, Class 1,
Size A, B or C shall be provided as indicated or as required to accommodate
the fixture or device installed thereon if dianmeter is not shown.

2.1.11.1 Accessori es

Base pl ates, cover plates, and adapter plates shall be provided to
accommodat e various sizes of fixtures. Bolts shall be stainless steel

2.1.12 Constant Current Regul ator

The regul ator shall be FAA AC 150/ 5345-10, Type L-828, without nonitoring
system and with ratings as indicated

2.1.12.1 Regul at or Opti ons
Regul ators shall operate on 60 Hz, have internal primary switch included,

have input voltage of 480 and be controlled by existing conputer contro
system Three brightness steps shall be provided

2.1.12.2 Series Plug Cutouts
Series plug cutouts shall be rated for use at 5000 volts AC. The plug
cutouts shall short circuit the airfield |oop and regul ator output when the

plug assenbly is removed. Install in NEMA 1 | ockabl e encl osure as shown on
t he pl ans.

2.1.13 Lanps and Filters
Lanps shall be of size and type indicated, or as required by fixture
manuf acturer for each lighting fixture required under this contract.
Filters shall be of colors as indicated and conforning to the specification
for the light concerned or to the standard referenced

2.1.14 Li ghting Fi xtures

The lighting fixtures for the airfield and heliport lighting shall be as
shown in the contract drawi ngs or as required in other contract docunents.

2.2 TAXI WAY LI GHTI NG SYSTEMS
Taxiway |ighting systens shall include edge |ights, guidance signs, and
hol d position lights and signs. These systens shall also include the
associ ated equi prent, power supplies and controls, nounting devices, and
i nterconnecting wiring to provide conplete systens as specified

2.2.1 Taxi way Edge Lights

Taxi way edge light shall emt aviation blue light provided by filters or
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gl obes for both airfields and heliports. The edge |ights shall neet the
requi renents of FAA AC 150/ 5345-46, Type L-852E, sem flush, lights.

2.2.2 Taxi way Gui dance Signs

The taxiway guidance signs shall neet the requirements of FAA AC 150/ 5345- 44,
Type L-858Y for information and Type L-858R for mandatory signs. The size
and information on the signs shall be as shown on contract draw ngs. The
power supply to connect to series circuits shall be as approved by the
manuf act urer.

2.2.3 Hol d Position Lights and Signs

The hol d positions shall be marked by painted lines and signs as specified
or indicated on the contract drawings. Hold position signs shall neet the
requi rements of FAA AC 150/5345-44, Type L-858R, with the size and
informati on as indicated on the contract draw ngs.

2.3 FACTORY COATI NGS

Equi prent and conponent itens, including but not limted to transforner
stations and ferrous netal |lum naries not hot-dip gal vani zed or porcelain
enanel finish shall be provided with corrosion-resistant finishes which
shall withstand 200 hours of exposure to the salt spray test specified in
ASTM B 117 wi thout | oss of paint or release of adhesion of the paint priner
coat to the nmetal surface in excess of 1.6 nm (1/16 inch) fromthe test
mark. The scribed test mark and test evaluation shall be in accordance with
ASTM D 1654 with a rating of not less than 7 in accordance with TABLE 1
(Procedure A). Cut edges or otherw se damaged surfaces of hot-dip

gal vani zed sheet steel or nill galvani zed sheet steel shall be coated with
zinc rich paint confornming to SSPC Paint 20 in accordance with ASTM A 780.

PART 3 EXECUTI ON
3.1 GENERAL | NSTALLATI ON REQUI REMENTS

Circuits installed underground shall conformto the requirenents of Section
16375, ELECTRI CAL DI STRI BUTI ON SYSTEM UNDERGROUND, except as required
herein Steel conduits installed underground shall be installed and
protected from corrosi on { AM#2} { AVE2} . {AME2}

3.2 CABLES, GENERAL REQUI REMENTS

The type of installation, size and nunber of cables shall be as indicated
Conductors shall be stranded. Loads shall be divided as evenly as
practicable on the various phases of the system Mxinum|length of cable
pul | and cable pulling tensions shall not exceed the cable manufacturer's
recomendati ons.

3.2.1 Duct Line Installation
Cabl es shall be installed in duct |ines where indicated. Counterpoise

cable shall be installed in a separate duct or direct-burial not |less than
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152.4 mm (6 i nches) above the uppernpst duct containing electrical cable
El ectrical netallic tubing shall not be installed underground or enclosed
in concrete.

3.2.2 Connection to Buil di ngs

Cabl es shall be extended into the lighting vault as indicated, and shall be
properly connected to the first applicable term nation point. After
installation of cables, conduits shall be sealed with caul ki ng conpound to
prevent entrance of noisture or gases into buildings.

3.3 MEDI UM VOLTAGE CABLES

Medi um vol t age cabl es shall be suitable for a rated circuit voltage of 5
kV. O her parts of the cable system such as joints and term nations shal
have ratings not |less than the rating of the cables on which they are
install ed. Separable insulated connectors shall have nomi nal voltage
rati ngs coordi nated to associ ated apparatus ratings rather than cable
rati ngs when used to connect cable to apparatus. Cables shall be provided
with 100 percent insulation |evel

3.3.1 Types

Separabl e i nsul ated connectors of suitable construction or standard splice
kits shall be used for single-conductor and two-conductor cables. The
connectors shall be of FAA AC 150/5345-26 L-823 type. Cable joints for

whi ch accept abl e separabl e connector kits are not avail able nmay use cast
splices if approved

3.4 DUCT LI NES
Duct lines shall be concrete-encased, thin-wall type
3.4.1 Requi renent s

Nunmbers and sizes of ducts shall be as indicated. Duct lines shall be laid
with a mninmmslope of 101.6 mm (4 inches) per 30.48 neters (100 feet).
Dependi ng on the contour of the finished grade, the high point nmay be at a
term nal, a manhol e, a handhold, or between manhol es or handhol es.
Manuf act ured 90 degree duct bends nmay be used only for pole or equi pnent
risers, unless specifically indicated as acceptable. The nininmum
manuf act ured bend radius shall be 457.2 nm (18 inch) for ducts of |less than
76.2 nm (3 inch) dianeter, and 914.4 mm (36 inch) for ducts 76.2 mm (3 inch)
or greater in diameter. Oherw se, |ong sweep bends having a m ni nrum
radius of 7.62 neters (25 feet) shall be used for a change of direction of
nore than 5 degrees, either horizontally or vertically. Both curved and
strai ght sections nay be used to formlong sweep bends as required, but the
maxi mrum curve shall be 30 degrees and nanufactured bends shall be used
Ducts shall be provided with end bells when duct lines terminate in
manhol es or handholes. In lieu of markers, a 0.127 mm (5 mil) brightly
colored plastic tape not less than 76.2 mm (3 inches) in width and suitably
inscribed at not nore than 3.05 neters (10 feet) on centers with a
continuous netallic backing and a corrosion-resistant 0.025 mm (1 m|)
nmetallic foil core to permt easy location of the duct |line, shall be
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pl aced approximately 304.8 mm (12 i nches) bel ow finished grade | evels of
such lines.

3.4.2 Tr eat nent

Ducts shall be kept clean of concrete, dirt, or foreign substances during
construction. Field cuts requiring tapers shall be made with proper tools
and match factory tapers. After a duct line is conpleted, a standard
flexible mandrel shall be used for cleaning foll owed by a brush with stiff
bristles. Mandrels shall be at |east 304.8 mm (12 inches) |ong and shal
have diameters 6.35 mM (1/4 inch) less than the inside diameter of the duct
bei ng cl eaned. Pneuratic rodding nmay be used to draw in |lead wires. A
coupling reconmended by the duct manufacturer shall be used when an

exi sting duct is connected to a duct of different material or shape. Ducts
shall be stored to avoid warping and deterioration with ends sufficiently
pl ugged to prevent entry of water or solid substances. Ducts shall be
thoroughly cl eaned before being laid. Plastic ducts shall be stored on a
flat surface and protected fromthe direct rays of the sun

3.4.3 Concr et e Encasenent

Each single duct shall be conpletely encased in concrete with a m ni mum of
76.2 nm (3 inches) of concrete around each duct, except that only 50.8 mm
(2 inches) of concrete are required between adjacent electric power or

adj acent conmuni cati on ducts, and 101.6 mm (4 i nches) of concrete shall be
provi ded between adjacent electric power and conmunication ducts. Duct

i ne encasements shall be nonolithic construction. Were a connection is
made to a previously poured encasenent, the new encasenent shall be wel
bonded or doweled to the existing encasenent. At any point, except
railroad crossings, tops of concrete encasenents shall be not |ess than 457
nm (18 inches) below finished grade or paving. Separators or spacing

bl ocks shall be nmade of steel, concrete, plastic, or a conbination of these
mat eri al s placed not further apart than 1.22 m (4 feet) on centers. Ducts
shall be securely anchored to prevent novenent during the placenent of
concrete and joints shall be staggered at |east 152.4 mm (6 inches)
vertically.

3.4.4 Installation of Couplings
Joints in each type of duct shall be nade up in accordance with the
manuf acturer's reconmendations for the particular type of duct and coupling
sel ected and as approved. In the absence of specific reconmendations,
various types of duct joint couplings shall be nade watertight as specified
3.4.4.1 Pl astic Duct
Duct joints shall be nade by brushing a plastic solvent cenment on insides
of plastic coupling fittings and on outsides of duct ends. Each duct and
fitting shall then be slipped together with a quick one-quarter-turn tw st
to set the joint tightly.
3.5 MANHOLES AND HANDHOLES

The manhol es and handhol es shall be as specified in Section 16375ELECTRI CAL
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DI STRI BUTI ON SYSTEM UNDERGROUND.
3.6 VELDI NG

The wel di ng of supports and netallic ducts and wel ding or brazing of
el ectrical connections shall be formed by qualified wel ders.

3.7 CABLE MARKERS

Cabl e markers or tags shall be provided for each cable at duct entrances
entering or |eaving manhol es or handhol es and at each ternmination within
the lighting vault. Cables in each manhol e or handhol e shall have not | ess
than two tags per cable, one near each duct entrance hole. |Imediately
after cable installation, tags shall be permanently attached to cables and
wires so that they cannot be accidentally detached

3.8 FRANG BLE REQUI REMENTS

Frangi bl e supports, couplings, and adapters shall be installed as indicated
or specified

3.9 SEM FLUSH Al RFI ELD LI GHTS

Water, debris, and other foreign substances shall be renoved prior to
installing sem flush Iight base and |light. Positioning jigs shall be used
to hold the Iight bases and/or lights to ensure correct orientation and
leveling until the concrete, adhesive, or sealant can provi de pernanent
support.

3.10 SPLI CES FOR Al RFI ELD LI GHTI NG CABLE
3.10.1 Connectors

Kit type connectors, FAA AC 150/5345-26, Item L-823, shall be used to
splice 5 kV single-conductor series lighting cables. During installation
mati ng surfaces of connectors shall be clean and covered until plugged
together. At joint where connectors cone together, heat shrinkabl e tubing
shall be installed with waterproof sealant with two hal f-1apped | ayers of
tape over the entire joint. Joint shall prevent entrapnment of air which

nm ght subsequently | oosen the joint. Connector installation shall conform
to FAA AC 150/ 5345- 26

3.11 GROUNDI NG SYSTEMS
3.11. 1 Count erpoi se Installation

Counterpoise wire shall be laid for entire length of circuits supplying
airfield lighting. Wre shall be in one piece, except where distance
exceeds the length usually supplied. Counterpoise shall be installed on
top of the envel ope of concrete-encased duct. Were trenches or duct lines
i ntersect, counterpoise wires shall be electrically interconnected by

exot hernmic wel ding or brazing. Counterpoise to earth ground shall be
connected at every 600 neters of cable run, at lighting vault, and at

f eeder connection to light circuit by means of ground rods as specified
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Count erpoi se shall be installed in a separate duct under roads, railroads,
and paved areas above the highest duct containing electrical or
conmuni cations circuits

3.11.2 Li ght Base

Steel light bases or groundi ng bushings on steel conduits shall be
connected to the counterpoise system

3.12 | SOLATI ON TRANSFORMERS

Transformer | ead connections shall conformto FAA AC 150/ 5345-26
Transforner secondary connectors shall plug directly into a nmating
connector on the edge |ight secondary |eads. During installation, mating
surfaces of connectors shall be clean and covered until connected and cl ean
when plugged together. At joint where connectors cone together, heat
shrinkabl e tubing shall be installed with waterproof sealant or with two
hal f-1 apped | ayers of tape over the entire joint. Joint shall prevent
entrapnment of air which mght subsequently | oosen the joint.

3.13 TAXI WAY LI GHTI NG SYSTEMS

3.13.1 Taxi way Edge Lights
Edge lights shall be seniflush type as indicated on the contract draw ngs
and each light supplied power through an isolation transfornmer. The
taxiway lights shall be omidirectional and only require |eveling.

3.14 FI ELD QUALI TY CONTROL

The Contracting O ficer shall be notified five working days prior to each
test. Deficiencies found shall be corrected and tests repeated

3.14. 1 Operating Test
Each conpleted circuit installation shall be tested for operation.
Equi prent shall be denpnstrated to operate in accordance with the
requi renents of this Section. One day and one night test shall be
conducted for the Contracting O ficer.

3.14. 2 Di stribution Conductors, 600-Volt Class
Test shall verify that no short circuits or accidental grounds exist using
an instrunent which applies a voltage of approximtely 500 volts providing
a direct reading in resistance.

3.14.3 Count er poi se System Test and | nspection
Continuity of counterpoise systemshall be visually inspected at accessible
| ocations. Continuity of counterpoise systemto the vault groundi ng system

shall be tested in manhol e closest to the vault.

3.14. 4 El ectrical Acceptance Tests

SECTI ON 16526 Page 14



Ft Bliss Aircraft Load Apron FBALA
{ ACCOVMPANYI NG AMENDMENT NO. 0002 TO SOLI CI TATI ON NO. DACA63- 97- B- 0024}

Acceptance tests shall be performed for series lighting circuits only on
conplete lighting circuits. Each series and nultiple lighting circuit
shall receive a high voltage insulation test.

3.14. 4. 1 Low Vol tage Continuity Tests

Each series circuit shall be tested for electrical continuity. Faults
indicated by this test shall be elimnated before proceeding with the
hi gh-vol tage insul ation resistance test.

3.14. 4.2 Hi gh- Vol tage I nsul ati on Resistance Tests

Each series lighting circuit shall be subjected to a high-voltage

i nsul ation resistance test by neasurenment of the insulation |eakage current
with a suitable high-voltage test instrunent which has a steady, filtered
direct current output voltage and linmted current. High-voltage tester
shall include an accurate voltmeter and m croameter for readi ng voltage
applied to the circuit and resultant insulation |eakage current. Voltages
shall not exceed test val ues specified bel ow

a. Test Procedure: Both |eads shall be disconnected fromregul ator
output term nals and support so that air gaps of several inches
exi st between bare conductors and ground. Cable sheaths shall be
cl eaned and dried for a distance of 300 mm from ends of cables and
exposed insulation at ends of cables. Ends of both conductors of
the circuit shall be connected together and to hi gh-voltage
termnals of test equipnment, and test voltage applied as specified
in the follow ng tabul ati on between conductors and ground for a
period of 5 mnutes.

Test Vol tage, dc

First Test Test on
Series on New Exi sting
Lighting Circuits Circuits Circuits
Medi um I ntensity
Series Lighting
Circuits (5,000 volt
| eads, 30/45 watt
transf or ners) 6000 3000
600-Volt Circuits 1800 600
b. Leakage Current: Insulation |eakage current shall be nmeasured and
recorded for each circuit after a 1 mnute application of the test
voltage. |If |eakage current exceeds val ues specified below, the

circuit shall be sectionalized and retested and the defective
parts shall be repaired or replaced. Leakage current limts

i nclude al l omances for the normal nunber of connectors and splices
for each circuit as follows:

(1) Three mcroanperes for each 300 neters (1000 feet) of cable.
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(2) Two mcroanperes for each 200 watt and each 500 watt
5,000-volt series transforner.

(3) Two microanperes for each 30/45-Watt 5,000 volt series
transformer.

I f measured val ue of insulation | eakage current exceeds cal cul ated val ue,
the circuit shall be sectionalized and tested as specified for each
section. Defective conponents shall be repaired or replaced until repeated
tests indicate an acceptable value of |eakage current for the entire
circuit.

3.14.5 Constant Current Regul ators

Each constant current regul ator shall be exanined to ensure that porcelain
bushi ngs are not cracked, no shipping danage has occurred, internal and
external connections are correct, switches and rel ays operate freely and
are not tied or blocked, fuses, if required, are correct, and liquid |eve
of liquid-filled regulators is correct. Relay panel covers shall be
renoved only for this exanmi nation; it is not necessary to open the nmin
tank of liquid-filled regulators. The instructions on the plates attached
to the regulators shall be followed. Covers shall be replaced tightly
after conpleting exam nations and tests.

3.14.6 Regul ator El ectrical Tests

Supply voltage and i nput tap shall correspond. Wth the | oads

di sconnect ed, regul ator shall be energized and the open circuit protector
observed to ensure that it de-energizes the regulator within 3 seconds.
After testing circuits for open circuit and ground fault and corrections,
if any, and after deternmining that |anps are serviceable and in place, the
| oads shall be connected for each circuit or conbination of circuits to be
energi zed by the regul ator and the voltage and current neasured

simul taneously for each brightness tap. Voltneter and anmeter shall have
an accuracy of plus or minus 1 percent of meter full scale. Readings shal
be recorded during the day and night in order to obtain the average supply
vol tage. Qutput current on each brightness tap shall be within plus or

m nus 2 percent full scale of the naneplate val ues after maki ng necessary
correction in the supply voltage. Late nodel regulators have automatic
supply voltage correction in lieu of input taps, and output current does
not change as supply voltage varies. Wen output current on highest
intensity setting deviates from nanepl ate value by nore than 2 percent of
nmeter full scale and the regulator is not overl oaded, internal adjustnent
shall be checked as described on regulator instruction plate. Since

adj ustment nmay be rather delicate, a deviation of up to plus or mnus 5
percent of neter full scale is allowed for lower intensity settings before
attenpting to readjust the regul ator

3.14.7 Final Operating Tests
After conpletion of installations and the above tests, circuits, contro
equi pnent, and |lights covered by the contract shall be denpnstrated to be

in acceptabl e operating condition. Taxiway lighting circuit shall be
switched on and off at |least twice fromthe touch screen in the Contro
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Tower. During this process, lights and associ ated equi pnment shall be
observed to determ ne that each selection properly controls the
corresponding circuit. Tel ephone or radi o conmunication shall be provided
bet ween the operator and the observer. Tests shall be repeated fromthe
alternate control station, fromthe renpte control points, and again from
the local control switches on the regulators. Each lighting circuit shal
be tested by operating the | anps at maxi num bri ghtness for not |ess than 30
m nutes. At the beginning and at the end of this test, the correct nunber
of lights shall be observed to be burning at full brightness. One day and
one ni ght operating test shall be conducted for the Contracting O ficer.

3.15 FI NI SHI NG
Pai nting required for surfaces not otherw se specified and finish painting
of items only prinmed at the factory shall be as required in Section 09900

PAI NTI NG, GENERAL

-- End of Section --
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