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SECTI ON 03300

CAST- | N- PLACE STRUCTURAL CONCRETE

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 basi c designation only.

AClI | NTERNATI ONAL ( ACl)

ACl 117/117R (1990; Errata) Standard Tol erances for
Concrete Construction and Materials

ACl 211.1 (1991) Standard Practice for Selecting
Proportions for Normal, Heavywei ght, and
Mass Concrete

ACl 211.2 (1998) Standard Practice for Selecting
Proportions for Structural Lightweight
Concrete

ACl 213R (1987) Guide for Structural Lightweight

Aggregate Concrete

ACl 214. 3R (1988; R 1997) Sinplified Version of the
Reconmended Practice for Eval uation of
Strength Test Results of Concrete

ACl 301 (1999) Standard Specifications for
Structural Concrete

ACl 303R (1991) CGuide to Cast-1n-Place
Architectural Concrete Practice

ACl 305R (1999) Hot Weat her Concreting

ACl 318/ 318R (1999) Building Code Requirenents for

Structural Concrete and Comment ary

AVERI CAN ASSOCI ATI ON OF STATE H GHWAY AND TRANSPORTATI ON OFFI Cl ALS
( AASHTO)

AASHTO M 182 (1991; R 1996) Burlap Coth Made from Jute
or Kenaf

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

ASTM C 1017/ C 1017M (1998) Chemical Admi xtures for Use in
Produci ng Fl owi ng Concrete

ASTM C 1059 (1999) Latex Agents for Bonding Fresh to

SECTI ON 03300 Page 4
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Har dened Concrete

ASTM C 1064/ C 1064M (1999) Tenperature of Freshly M xed
Portland Cement Concrete

ASTM C 1077 (1998) Laboratories Testing Concrete and
Concrete Aggregates for Use in
Construction and Criteria for Laboratory
Eval uati on

ASTM C 1107 (1999) Packaged Dry, Hydraulic-Cenent
G out (Nonshri nk)

ASTM C 1116 (2000) Fi ber-Reinforced Concrete and
Shotcrete

ASTM C 1240 (2000) Silica Fune for Use as a M neral

Admi xture in Hydraulic-Cenment Concrete,
Mortar and G out

ASTM C 131 (1996) Resistance to Degradation of
Smal | - Si ze Coarse Aggregate by Abrasion
and I npact in the Los Angel es Machi ne

ASTM C 136 (1996a) Sieve Analysis of Fine and Coarse
Aggr egat es

ASTM C 143/ C 143M (2000) Slunp of Hydraulic Cenent Concrete

ASTM C 150 (1999a) Portland Cenent

ASTM C 171 (1997a) Sheet Materials for Curing Concrete

ASTM C 172 (1999) Sanpling Freshly M xed Concrete

ASTM C 173 (1994ael) Air Content of Freshly M xed
Concrete by the Vol unetric Method

ASTM C 192/ C 192M (2000) Making and Curing Concrete Test
Specinens in the Laboratory

ASTM C 231 (1997el) Air Content of Freshly M xed
Concrete by the Pressure Method

ASTM C 260 (2000) Air-Entraining Adm xtures for
Concrete

ASTM C 309 (1998a) Liquid Menbrane-Forni ng Conpounds
for Curing Concrete

ASTM C 31/ C 31M (2000e1) Making and Curing Concrete Test
Specinens in the Field

ASTM C 33 (1999ael) Concrete Aggregates

ASTM C 330 (2000) Lightweight Aggregates for

Structural Concrete

ASTM C 39/ C 39M (2001) Conpressive Strength of Cylindrical
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ASTM C
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ASTM C

ASTM C
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Concrete Speci nmens

(1999) Obtaining and Testing Drilled Cores
and Sawed Beans of Concrete

(1999ael) Chemical Adm xtures for Concrete

(1996) Splitting Tensile Strength of
Cyclindrical Concrete Specinmens

(2000) Cellular dass Thermal Insulation

(2000) Unit Weight of Structura
Li ght wei ght Concrete

(1995) Rigid, Cellular Polystyrene Thernal
| nsul ation

(1994) Unfaced Prefornmed Rigid Cellular
Pol yi socyanurate Thernmal |nsul ation

(2000a) Bl ended Hydraulic Cenents
(1997) Bl ended Hydraulic Cenents (Metric)

(2000) Coal Fly Ash and Raw or Cal ci ned
Nat ural Pozzolan for Use as a M neral
Adnmi xture in Concrete

(2000) Concrete Made by Vol unetric
Bat chi ng and Conti nuous M xi ng

(1994) Flexural Strength of Concrete
(Using Sinple Beam Wth Third-Point
Loadi ng)

(1999) Epoxy- Resin-Base Bondi ng Systens
for Concrete

(1997) Gout Fluidifier for
Pr epl aced- Aggr egat e Concrete

(2000e2) Ready-M xed Concrete

(1998a) Expansion and Bl eedi ng of Freshly
M xed Grouts for Prepl aced- Aggregate
Concrete in the Laboratory

(1999) G ound Ganul ated Bl ast - Fur nace
Slag for Use in Concrete and Mrtars

(1999) Preforned Expansion Joint Filler
for Concrete Paving and Structural
Construction (Nonextrudi ng and Resilient
Bi t um nous Types)

(1984; R 1996el) Preforned Sponge Rubber
and Cork Expansion Joint Fillers for
Concrete Paving and Structural Construction
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ASTM D 75 (1987; R 1997) Sanpling Aggregates

ASTM E 1155 (1996) Determ ning Floor Flatness and
Level ness Using the F-Nunber System

ASTM E 1155M (1996) Determ ning Floor Flatness and
Level ness Using the F-Nunmber System
(Metric)

ASTM E 96 (2000) Water Vapor Transni ssion of
Materi al s

NATI ONAL | NSTI TUTE OF STANDARDS AND TECHNOLOGY (NI ST)

NI ST HB 44 (1997) NI ST Handbook 44: Specifications,
Tol erances, and ot her Techni cal
Requi rements for Wi ghing and Measuri ng
Devi ces

NATI ONAL READY- M XED CONCRETE ASSCCI ATI ON ( NRMCA)
NRMCA CPMB 100 (1996) Concrete Plant Standards \$n/c$\ X

NRMCA QC 3 (1984) Quality Control Manual: Section 3,
Plant Certifications Checklist:
Certification of Ready M xed Concrete
Production Facilities

NRMCA TMVB 100 (1994) Truck M xer Agitator and Front
Di scharge Concrete Carrier Standards

U S. ARMY CORPS OF ENG NEERS ( USACE)

CCE CRD-C 104 (1980) Met hod of Cal culation of the
Fi neness Modul us of Aggregate

CCE CRD-C 400 (1963) Requirenments for Water for Use in
M xi ng or Curing Concrete

CCE CRD-C 521 (1981) Standard Test Method for Frequency
and Anplitude of Vibrators for Concrete

CCE CRD- C 540 (1971; R 1981) Standard Specification for
Nonbi t um nous I nserts for Contraction
Joints in Portland Cenent Concrete
Airfield Pavenents, Sawabl e Type

CCE CRD-C 572 (1974) Corps of Engineers Specifications
for Pol yvinyl chl ori de Wat erstop

CCE CRD-C 94 (1995) Surface Retarders
1.4 SUBM TTALS

Government approval is required for submttals with a "G

desi gnation; submttals not having a "G' designation are for
information only. \Wen used, a designation following the "G
designation identifies the office that will review the submittal for
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1

the Governnment. The following shall be subnitted in accordance with
Section 01330 SUBM TTAL PROCEDURES:

SD- 03 Product Data
M xture Proportions; G

The results of trial mxture design studies along with a
statenent giving the maxi num nom nal coarse aggregate size and the
proportions of ingredients that will be used in the manufacture of
each strength or class of concrete, at |east 14 days prior to
commrenci ng concrete placing operations. Aggregate wei ghts shal
be based on the saturated surface dry condition. The statenent
shal | be acconpanied by test results froman approved i ndependent
comrercial testing |aboratory, showi ng that nixture design studies
have been nade with materials proposed for the project and that
the proportions selected will produce concrete of the qualities
i ndicated. No substitutions shall be made in the materials used
in the m xture design studies without additional tests to show
that the quality of the concrete is satisfactory.

SD- 06 Test Reports
Testing and I nspection for Contractor Quality Control; G
Certified copies of laboratory test reports, including mll
tests and all other test data, for portland cenment, blended
cenment, pozzolan, ground granul ated blast furnace slag, silica
fume, aggregate, adnmixtures, and curing conpound proposed for use
on this project.
SD- 07 Certificates
Qualifications; FIO
Witten docunmentation for Contractor Quality Control personnel
Certify that no chlorides will be allowed in the nix design; FIO
Certify that the content of fly ash to be a mninmum of 25 percent
and a maxi mum of 35 percent of total weight of fly ash plus

cenent; FIO

Certify cylindrical concrete forms have an 80 to 90 percent
recycl ed paper content. FIO

5 QUALI FI CATI ONS

Contractor Quality Control personnel assigned to concrete
construction shall be Anerican Concrete Institute (ACI) Certified
Workmen in one of the followi ng grades or shall have witten

evi dence of having conpleted sinilar qualification prograns:

Concrete Field Testing Technician, G ade |

Concrete Laboratory Testing Technician, Gade | or Il
Concrete Construction Inspector, Level |

Concrete Transportation Construction |Inspector or

SECTI ON 03300 Page 8
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Rei nf orced Concrete Special Inspector, Jointly certified by American
Concrete Institute (ACl), Building Oficial and Code Admi nistrators
I nternational (BOCA), International Conference of Building Oficials (I1CBO,
and Sout hern Buil di ng Code Congress International (SBCCl).

The foreman or |ead journeyman of the flatwork finishing crew shal
have similar qualification for ACl Concrete Fl atwork
Techni ci an/ Fi ni sher or equal, with witten docunentation

1.8 CGENERAL REQUI REMENTS
1.8.1 Tol er ances

Except as otherw se specified herein, tolerances for concrete

bat ching, m xture properties, and construction as well as definition
of terns and application practices shall be in accordance with AC
117/ 117R.  Level and grade tol erance neasurenents of slabs shall be
made as soon as possible after finishing; when forms or shoring are
used, the neasurenents shall be nmade prior to renoval

1.8.1.2 Fl oors by the F-Nunber System

The fl atness and | evel ness of floors shall be carefully controlled
and the tol erances shall be nmeasured by the F-Nunber system of
Paragraph 4.5.6 and 4.5.6.1 of ACl 117/117R  The Contractor shal
furni sh an approved floor profil ograph or other equi pnent capabl e of
nmeasuring the floor flatness (FF) nunber and the floor |evel ness
(FL) nunber in accordance with ASTM E 1155. The Contractor shal
performthe tol erance nmeasurenents within 72 hours after floor slab
construction while being observed by the Contracting Oficer. The
tol erances of surfaces beyond the limts of ASTME 1155 (the areas
within 24 inches of enbednents and construction joints) shall be
acceptable to the Contracting O ficer. Tol erances of the follow ng
areas shall neet the requirenents for the listed surfaces as
specified in paragraphs 4.5.6 and 4.5.6.1 of ACl 117/117R

St r ai ght edged- Areas A

1.8.2 Strength Requirements and w/ c Ratio
1.8.2.1 Strength Requirements
Speci fied conpressive strength (f'c) shall be as foll ows:

COVPRESSI VE STRENGTH STRUCTURE OR PORTI ON OF STRUCTURE

4000 psi at 28 days ALL PORTI ONS OF STRUCTURE

Concrete slabs on-grade shall have a 28-day flexural strength of 4000
psi. Concrete made with high-early strength cenment shall have a
7-day strength equal to the specified 28-day strength for concrete

SECTI ON 03300 Page 9
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made with Type | or |l portland cenent. Conpressive strength shall
be determ ned in accordance with ASTM C 39/C 39M Fl exural strength

shal |

a.

be determ ned i n accordance with ASTM C 78.

Eval uation of Concrete Conpressive Strength. Conpressive strength
specimens (6 by 12 inch cylinders) shall be fabricated by the
Contractor and | aboratory cured in accordance with ASTM C 31/C 31M
and tested in accordance with ASTM C 39/C 39M The strength of
the concrete will be considered satisfactory so long as the
average of all sets of three consecutive test results equals or
exceeds the specified conpressive strength f'c and no individua
test result falls below the specified strength f'c by nore than
500 psi. A "test" is defined as the average of two conpani on
cylinders, or if only one cylinder is tested, the results of the
single cylinder test. Additional analysis or testing, including
taking cores and/or load tests nmay be required at the Contractor's
expense when the strength of the concrete in the structure is
consi dered potentially deficient.

I nvestigation of Low Strength Conpressive Test Results. Wen any
strength test of standard-cured test cylinders falls bel ow the
specified strength requirenment by nore than 500 psi or if tests of
field-cured cylinders indicate deficiencies in protection and
curing, steps shall be taken to assure that the |oad-carrying
capacity of the structure is not jeopardized. Wen the strength
of concrete in place is considered potentially deficient, cores
shal | be obtained and tested in accordance with ASTM C 42/ C 42M
At |least three representative cores shall be taken from each
nmenber or area of concrete in place that is considered potentially
deficient. The location of cores will be determ ned by the
Contracting OFficer to least inpair the strength of the structure.
Concrete in the area represented by the core testing will be
consi dered adequate if the average strength of the cores is equa
to at |east 85 percent of the specified strength requirenent and
if no single core is less than 75 percent of the specified
strength requirement. Non-destructive tests (tests other than
test cylinders or cores) shall not be used as a basis for
acceptance or rejection. The Contractor shall performthe coring
and repair the holes. Cores will be tested by the Governnent.

Load Tests. |If the core tests are inconclusive or inpractical to
obtain or if structural analysis does not confirmthe safety of
the structure, load tests may be directed by the Contracting

O ficer in accordance with the requirenents of AC 318/ 318R
Concrete work eval uated by structural analysis or by results of a
| oad test as being understrength shall be corrected in a nanner
satisfactory to the Contracting Officer. All investigations,
testing, load tests, and correction of deficiencies shall be
performed by and at the expense of the Contractor and nust be
approved by the Contracting Oficer, except that if all concrete
is found to be in conpliance with the drawi ngs and specifications,
the cost of investigations, testing, and load tests will be at the
expense of the Governnent.

Eval uation of Concrete Flexural Strength. Flexural strength
speci nens (beans) shall be fabricated by the Contractor and

| aboratory cured in accordance with ASTM C 31/C 31M and tested in
accordance with ASTM C 78. The strength of the concrete will be
consi dered sati sfactory so long as the average of all sets of

SECTI ON 03300 Page 10
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three consecutive test results equals or exceeds the specified
flexural strength and no individual test result falls below the
specified flexural strength by nore than 50 psi.A "test" is
defined as the average of two conpani on beans. Additiona

anal ysis or testing, including taking cores and/or |oad tests nay
be required at the Contractor's expense when the strength of the
concrete in the slab is considered potentially deficient.

1.8.2.2 Wat er-Cenent Ratio

Maxi mum wat er-cenent ratio (wc) for nornmal weight concrete shall be
as foll ows:

WATER- CEMENT RATI O, BY VEI GAT ALL PORTI ONS OF STRUCTURE

These w c's may cause higher strengths than that required above for
conpressive or flexural strength. The maximumw c required will be
t he equivalent w c as determ ned by conversion fromthe weight ratio
of water to cenent plus pozzolan, silica fume, and ground granul at ed
bl ast furnace slag (GEBF slag) by the weight equival ency nethod as
described in ACl 211.1. 1In the case where silica fune or GGBF sl ag
is used, the weight of the silica fune and GEBF sl ag shall be
included in the equations of ACI 211.1 for the termP which is used
to denote the wei ght of pozzol an.

.8.3 Al r Entrai nnent

Except as otherwi se specified for Iightweight concrete, all nornal
wei ght concrete shall be air entrained to contain between 4 and 7
percent total air, except that when the nom nal maxinmum size coarse
aggregate is 3/4 inch or smaller it shall be between 4.5 and 7.5
percent. Concrete with specified strength over 5000 psi nay have
1.0 percent less air than specified above. Specified air content
shall be attained at point of placenent into the forns. Air content
for normal weight concrete shall be determined in accordance with
ASTM C 231.

.8.4 Sl unp
Slunp of the concrete, as delivered to the point of placenment into

the forns, shall be within the following linmits. Slunp shall be
determ ned in accordance with ASTM C 143/ C 143M

Sl unmp
Structural El enent M ni mum Maxi nmum

Wall's, colums and beans 2in. 4 in
Foundation wal ls, substructure
wal I s, footings, slabs 1in. 3in.
Any structural concrete approved
for placenent by punping:

At punp 2.in. 6 in.
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Sl unmp
Structural El enent M ni mum Maxi mum

At di scharge of |ine 1in. 4 in.

When use of a plasticizing adm xture conforning to ASTM C 1017/ C
1017M or when a Type F or G high range water reduci ng adm xture
confornming to ASTM C 494/ C 494Mis pernmitted to increase the slunp
of concrete, concrete shall have a slunp of 2 to 4 inches before the
adm xture is added and a maxi mum slunp of 8 inches at the point of
delivery after the adm xture is added.

1.8.5 Concrete Tenperature

The tenperature of the concrete as delivered shall not exceed 90
degrees F. \Wen the anbient tenperature during placing is 40
degrees F or less, or is expected to be at any time within 6 hours
after placing, the tenperature of the concrete as delivered shall be
bet ween 55 and 75 degrees F.

1.8.6 Si ze of Coarse Aggregate

The | argest feasible nonminal nmaxi num si ze aggregate (NMSA) specified
i n paragraph AGGREGATES shall be used in each placenent. However,
noni nal maxi mum si ze of aggregate shall not exceed any of the
following: three-fourths of the m nimum cover for reinforcing bars,
three-fourths of the mninmum cl ear spacing between reinforcing bars,
one-fifth of the narrowest dinension between sides of forns, or
one-third of the thickness of slabs or toppings.

1.8.7 Speci al Properties and Products

Concrete may contain adm xtures other than air entraining agents,
such as water reducers, superplasticizers, or set retarding agents
to provide special properties to the concrete, if specified or
approved. Any of these materials to be used on the project shall be
used in the m x design studies.

1.9 M XTURE PROPORTI ONS

Concrete shall be conposed of portland cenent, other cenentitious
and pozzol anic materials as specified, aggregates, water and
adm xtures as specified.

1.9.1 Proportioning Studies for Normal Weight Concrete

Trial design batches, mixture proportioning studies, and testing
requi rements for various classes and types of concrete specified
shall be the responsibility of the Contractor. Except as specified
for flexural strength concrete, m xture proportions shall be based
on conpressive strength as determnined by test specinens fabricated
in accordance with ASTM C 192/ C 192M and tested in accordance with
ASTM C 39/C 39M Samples of all materials used in mxture
proportioning studies shall be representative of those proposed for
use in the project and shall be acconpani ed by the nanufacturer's or
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producer's test reports indicating conpliance with these
specifications. Trial mxtures having proportions, consistencies,
and air content suitable for the work shall be nmade based on

nmet hodol ogy described in ACI 211.1, using at least three different
wat er-cenent ratios for each type of nixture, which will produce a
range of strength enconpassing those required for each class and
type of concrete required on the project. The nmaxi mum wat er - cenment
rati os required in subparagraph Water-Cenent Ratio will be the

equi val ent water-cenent ratio as determ ned by conversion fromthe
weight ratio of water to cenment plus pozzolan, silica funme, and
ground granul ated bl ast furnace slag (GGBF slag) by the weight
equi val ency nethod as described in ACl 211.1. |In the case where
silica fume or G3BF slag is used, the weight of the silica funme and
GGBF sl ag shall be included in the equations in ACl 211.1 for the
termP, which is used to denote the weight of pozzolan. |f pozzol an
is used in the concrete m xture, the mninum pozzol an content shal
be 15 percent by weight of the total cenentitious material, and the
maxi mum shal |l be 35 percent. Laboratory trial m xtures shall be
desi gned for maxi mum permitted slunp and air content. Separate sets
of trial mxture studies shall be nade for each conbi nation of
cementitious materials and each conbi nati on of admi xtures proposed
for use. No conbination of either shall be used until proven by
such studies, except that, if approved in witing and ot herw se
permtted by these specifications, an accelerator or a retarder may
be used without separate trial mxture study. Separate trial

nm xture studies shall also be nade for concrete for any conveyi ng or
pl aci ng net hod proposed which requires special properties and for
concrete to be placed in unusually difficult placing |ocations. The
tenperature of concrete in each trial batch shall be reported. For
each water-cenent ratio, at least three test cylinders for each test
age shall be made and cured in accordance w t hASTM C 192/ C 192M
They shall be tested at 7 and 28 days in accordance with ASTM C 39/C
39M  Fromthese test results, a curve shall be plotted showi ng the
rel ationship between water-cenent ratio and strength for each set of
trial mx studies. |In addition, a curve shall be plotted show ng
the relationship between 7 day and 28 day strengths. Each m xture
shall be designed to pronote easy and suitabl e concrete placenent,
consol idation and finishing, and to prevent segregation and
excessi ve bl eedi ng.

1.9.4 Average Conpressive Strength Required for M xtures

The m xture proportions selected during m xture design studi es shal
produce a required average conpressive strength (f'cr) exceeding the
specified conpressive strength (f'c) by the anpunt indicated bel ow
This required average conpressive strength, f'cr, will not be a
requi red acceptance criteria during concrete production. However
whenever the daily average conpressive strength at 28 days drops
bel ow f'cr during concrete production, or daily average 7-day
strength drops below a strength correlated with the 28-day f'cr, the
m xture shall be adjusted, as approved, to bring the daily average
back up to f'cr. During production, the required f'cr shall be

adj usted, as appropriate, based on the standard devi ati on bei ng
attai ned on the job.
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1.

1.

9.4.1 Conput ati ons from Test Records

Where a concrete production facility has test records, a standard
devi ati on shall be established in accordance with the applicable
provisions of ACl 214.3R Test records fromwhich a standard
deviation is cal cul ated shall represent materials, quality contro
procedures, and conditions simlar to those expected; shal
represent concrete produced to neet a specified strength or
strengths (f'c) within 1,000 psi of that specified for proposed
wor k; and shall consist of at |east 30 consecutive tests. A
strength test shall be the average of the strengths of two cylinders
made fromthe sanme sanple of concrete and tested at 28 days.

Requi red average conpressive strength f'cr used as the basis for
sel ection of concrete proportions shall be the larger of the
equations that follow using the standard deviation as deterni ned
above:

—

(9]

=
I

f'c + 1.34S where units are in psi
f'cr = f'c + 2.33S - 500 where units are in psi
Where S = standard devi ation

Where a concrete production facility does not have test records
nmeeting the requirenents above but does have a record based on 15 to
29 consecutive tests, a standard devi ation shall be established as
the product of the calculated standard deviation and a nodification
factor fromthe follow ng table:

MCDI FI CATI ON FACTOR

NUVMBER OF TESTS FOR STANDARD DEVI ATI ON
15 1.16
20 1.08
25 1.03
30 or nore 1. 00

.9.4.2 Conput ati ons wi t hout Previous Test Records

When a concrete production facility does not have sufficient field
strength test records for calculation of the standard devi ation, the
requi red average strength f'cr shall be determined as foll ows:

a. |If the specified conpressive strength f'c is |l ess than 3,000 psi,
f'cr = f'c + 1000 psi

b. If the specified conpressive strength f'c is 3,000 to 5,000 psi,
f'cr = f'c + 1,200 psi

c. |If the specified conpressive strength f'c is over 5,000 psi,

f'er =f'c + 1,400 psi

9.5 Average Flexural Strength Required for M xtures
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The m xture proportions selected during mxture design studies for
flexural strength m xtures and the m xture used during concrete
production shall be designed and adjusted during concrete production
as approved, except that the overdesign for average fl exura

strength shall sinply be 15 percent greater than the specified
flexural strength at all tines.

1.10 STORAGE OF MATERI ALS

Cenent and other cenentitious materials shall be stored in

weat hertight buildings, bins, or silos which will exclude noisture
and contam nants and keep each naterial conpletely separated.

Aggr egat e stockpiles shall be arranged and used in a manner to avoid
excessive segregation and to prevent contani nation with other
materials or with other sizes of aggregates. Aggregate shall not be
stored directly on ground unless a sacrificial layer is |eft

undi sturbed. Reinforcing bars and accessories shall be stored above
the ground on platforns, skids or other supports. Qher materials
shall be stored in such a manner as to avoid contam nation and
deterioration. Adm xtures which have been in storage at the project
site for longer than 6 nonths or which have been subjected to
freezing shall not be used unless retested and proven to neet the
specified requirements. Materials shall be capable of being
accurately identified after bundles or containers are opened.

1.11 GOVERNMENT ASSURANCE | NSPECTI ON AND TESTI NG

Day-to day inspection and testing shall be the responsibility of the
Contractor Quality Control (CQC) staff. However, representatives of

the Contracting Officer can and will inspect construction as
consi dered appropriate and will nonitor operations of the
Contractor's CQC staff. Governnent inspection or testing will not

relieve the Contractor of any of his CQC responsibilities.
1.11.1 Material s

The Government will sanple and test aggregates, cenentitious
materials, other materials, and concrete to determ ne conpliance
with the specifications as considered appropriate. The Contractor
shall provide facilities and | abor as may be necessary for
procurenment of representative test sanples. Sanples of aggregates
will be obtained at the point of batching in accordance with ASTM D
75. Oher materials will be sanpled fromstorage at the jobsite or
fromother |ocations as considered appropriate. Sanples may be

pl aced in storage for later testing when appropriate.

1.11.2 Fresh Concrete
Fresh concrete will be sanpled as delivered in accordance with ASTM
C 172 and tested in accordance with these specifications, as
consi dered necessary.

1.11.3 Har dened Concrete
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Tests on hardened concrete will be perfornmed by the CGovernnment when
such tests are consi dered necessary.

1.11. 4 I nspection

Concrete operations may be tested and i nspected by the Governnent as
the project progresses. Failure to detect defective work or

material will not prevent rejection |ater when a defect is

di scovered nor will it obligate the Government for final acceptance.

PART 2 PRODUCTS
2.1 CEMENTI T1 QUS MATERI ALS

Cenentitious Materials shall be portland cenent, portland-pozzol an
cenent, or portland cenent in combination with pozzolan and shal
conformto appropriate specifications listed bel ow. Use of
cenentitious materials in concrete which will have surfaces exposed
in the conpleted structure shall be restricted so there is no change
in color, source, or type of cenentitious naterial.

2.1.1 Portl and Cenent

ASTM C 150, Type | low alkali with a maxi num 15 percent anount of
trical ciumalumnate, or Type Il low alkali . 2.1.4 Pozzolan (Fly
Ash)

ASTM C 618, Cass Cor F with the optional requirenents for nmultiple
factor, drying shrinkage, and uniformty from Table 2A of ASTM C 618.
Requi rement for maxi mum al kalies from Tabl e 1A of ASTM C 618 shal

apply. |If pozzolan is used, it shall never be |less than 15 percent
nor nore than 35 percent by weight of the total cenentitious
material. The Contractor shall conply with EPA requirenents in

accordance with Section 01670 RECYCLED / RECOVERED NMATERI ALS.
2.1.5 Ground Granul ated Bl ast - Furnace (GGEBF) Sl ag

ASTM C 989, Grade 120.
2.1.6 Silica Fune

Silica fume shall conformto ASTM C 1240. Avail able al kalies shal
conformto the optimal Iimt given in Table 2 of ASTM C 1240.

Silica fume may be furnished as a dry, densified material or as a
slurry. In accordance w th paragraph Technical Service for
Speci ali zed Concrete, the Contractor shall provide at no cost to the
Government the services of a nmanufacturer's technical representative
experienced in mxing, proportioning, placenent procedures, and
curing of concrete containing silica fune.

2.2 AGCREGATES
Aggregates shall conformto the follow ng.

2.2.1 Fi ne Aggregate
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Fi ne aggregate shall conformto the quality and gradation
requi rements of ASTM C 33.

2.2.2 Coar se Aggregate

Coarse aggregate shall conformto ASTM C 33, Cass 5S, size
desi gnation 5S

2.3 CHEM CAL ADM XTURES

Chem cal admi xtures, when required or permtted, shall conformto
the appropriate specification listed. Adnixtures shall be furnished
inliquid formand of suitable concentration for easy, accurate
control of dispensing.

2.3.1 Ai r-Entraining Admi xture

ASTM C 260 and shall consistently entrain the air content in the
specified ranges under field conditions.

2.3.2 Accel erating Adm xture

ASTM C 494/ C 494M Type C or E, except that cal ciumchloride or
adm xtures containing cal ciumchloride shall not be used.

2.3.3 Wat er - Reduci ng or Retarding Adm xture

ASTM C 494/ C 494M Type A, B, or D, except that the 6-nmonth and
1-year conpressive and flexural strength tests are waived.

2.3. 4 Hi gh- Range Wat er Reducer

ASTM C 494/ C 494M Type F or G except that the 6-nonth and 1-year
strength requirenents are waived. The adm xture shall be used only
when approved in witing, such approval being contingent upon
particular m xture control as described in the Contractor's Quality
Control Plan and upon performance of separate m xture design studies.

2.3.5 Surface Retarder
COE CRD- C 94.
2.3.7 O her Chem cal Adm xtures

Chem cal admi xtures for use in producing flow ng concrete shal
comply with ASTM C 1017/ C 1017M Type | or |Il. These adm xtures
shall be used only when approved in witing, such approval being
conti ngent upon particular nixture control as described in the
Contractor's Quality Control Plan and upon performance of separate
nm xture design studies.

2.4  CURI NG MATERI ALS
2.4.2 Menbr ane- For mi ng Conpound

Menbr ane- For mi ng curing conpound shall conformto ASTM C 309, Type
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1-D or 2, except that only a styrene acrylate or chlorinated rubber
compound rneeting Cass B requirenments shall be used for surfaces

that are to be painted or are to receive bitum nous roofing, or

wat er proofing, or floors that are to receive adhesive applications

of resilient flooring. The curing conpound sel ected shall be

conmpati ble with any subsequent paint, roofing, waterproofing, or
flooring specified. Nonpignented conpound shall contain a fugitive
dye, and shall have the reflective requirenents in ASTM C 309 wai ved.

2.4.3 Burl ap and Cotton Mat
Burlap and cotton mat used for curing shall conformto AASHTO M 182.
2.5 WATER

Water for mxing and curing shall be fresh, clean, potable, and free
of injurious anobunts of oil, acid, salt, or alkali, except that
non- pot abl e water may be used if it neets the requirenents of COE
CRD- C 400.

2.6 NONSHRI NK GROUT

Nonshrink grout shall conformto ASTM C 1107 and shall be a
commercial fornulation suitable for the proposed application.

2.10 EMBEDDED | TEMS

Enbedded itens shall be of the size and type indicated or as needed
for the application. Dovetail slots shall be gal vani zed st eel
Hangers for suspended ceilings shall be as specified in Section 09510
ACOUSTI CAL CEILINGS. Inserts for shelf angles and bolt hangers
shall be of malleable iron or cast or wought steel.

2.13 VAPOR BARRI ER

Vapor barrier shall be polyethylene sheeting with a m ni num
thickness of 6 mls or other equivalent material having a vapor
permeance rating not exceeding 0.5 perns as deternined in accordance
with ASTM E 96

2.14 JO NT MATERI ALS
2.14.1 Joint Fillers and Seal ers

Expansion joint fillers shall be preformed materials conformng to
ASTM D 1751 . Materials for waterstops shall be in accordance wth
Section 03150 EXPANSI ON JO NTS, CONTRACTI ON JO NTS, AND WATERSTOPS
Materials for and sealing of joints shall conformto the

requi rements of Section 07900 JO NT SEALI NG .

2.14.2 Contraction Joints in Slabs
Sawabl e type contraction joint inserts shall conformto COE CRD C 540.
Nonsawabl e joint inserts shall have sufficient stiffness to permt

pl acenment in plastic concrete w thout undue deviation froma
straight line and shall conformto the physical requirenments of COE
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CRD- C 540, with the exception of Section 3.4 "Resistance to Saw ng"
Plastic inserts shall be polyvinyl chloride conformng to the
materials requirenments of COE CRD C 572.

PART 3 EXECUTI ON

3.

1 PREPARATI ON FOR PLACI NG

Bef ore commenci ng concrete placenent, the followi ng shall be
perfornmed. Surfaces to receive concrete shall be clean and free
fromfrost, ice, nud, and water. Forns shall be in place, cleaned,
coated, and adequately supported, in accordance with Section 03100
STRUCTURAL CONCRETE FORMAORK. Reinforcing steel shall be in place,
cl eaned, tied, and adequately supported, in accordance with Section
03200 CONCRETE REI NFORCEMENT. Transporting and conveyi ng equi pnent
shall be in-place, ready for use, clean, and free of hardened
concrete and foreign material. Equipnment for consolidating concrete
shall be at the placing site and in proper working order. Equi prent
and material for curing and for protecting concrete from weather or
nmechani cal damage shall be at the placing site, in proper working
condition and in sufficient anount for the entire placenment. When
hot, w ndy conditions during concreting appear probable, equipnent
and material shall be at the placing site to provide w ndbreaks,
shadi ng, fogging, or other action to prevent plastic shrinkage
cracki ng or other damagi ng drying of the concrete.

1.1 Foundat i ons

.1.1.1 Concrete on Earth Foundati ons

Earth (subgrade, base, or subbase courses) surfaces upon which
concrete is to be placed shall be clean, danp, and free from debris,
frost, ice, and standing or running water. Prior to placenent of
concrete, the foundation shall be well drained and shall be
satisfactorily graded and uniformy conpact ed.

.1.1.2 Preparati on of Rock

Rock surfaces upon which concrete is to be placed shall be free from
oil, standing or running water, ice, nmud, drummy rock, coating,
debris, and | oose, semni detached or unsound fragnments. Joints in
rock shall be cleaned to a satisfactory depth, as deternined by the
Contracting Oficer, and to firmrock on the sides. |Immediately
before the concrete is placed, rock surfaces shall be cl eaned
thoroughly by the use of air-water jets or sandblasting as specified
bel ow for Previously Placed Concrete. Rock surfaces shall be kept
continuously noist for at |least 24 hours inmediately prior to

pl aci ng concrete thereon. Al horizontal and approxi nately

hori zontal surfaces shall be covered, imediately before the
concrete is placed, with a layer of nortar proportioned simlar to
that in the concrete mxture. Concrete shall be placed before the
nortar stiffens.

3.1.1. 3 Excavated Surfaces in Lieu of Forns
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Concrete for footings and walls may be placed directly against the
soil provided the earth or rock has been carefully trinmed, is

uni formand stable, and neets the conpaction requirenents of Section
02315EXCAVATI ON, FILLI NG AND BACKFI LLI NG FOR BUI LDI NGS. The
concrete shall be placed w thout becom ng contaninated by | oose
material, and the outline of the concrete shall be within the
specified tol erances.

3.1.2 Previously Placed Concrete

Concrete surfaces to which additional concrete is to be bonded shal
be prepared for receiving the next horizontal lift by cleaning the
construction joint surface with either air-water cutting,

sandbl asting, high-pressure water jet, or other approved nethod.
Concrete at the side of vertical construction joints shall be
prepared as approved by the Contracting Officer. Air-water cutting
shall not be used on forned surfaces or surfaces congested with
reinforcing steel. Regardless of the nethod used, the resulting
surfaces shall be free fromall laitance and inferior concrete so
that clean surfaces of well bonded coarse aggregate are exposed and
make up at | east 10-percent of the surface area, distributed

uni formy throughout the surface. The edges of the coarse aggregate
shall not be undercut. The surface of horizontal construction
joints shall be kept continuously wet for the first 12 hours during
the 24-hour period prior to placing fresh concrete. The surface
shall be washed conpletely clean as the |last operation prior to
placing the next Iift. For heavy duty floors and two-course floors
a thin coat of neat cenent grout of about the consistency of thick
cream shal |l be thoroughly scrubbed into the existing surface

i medi ately ahead of the topping placing. The grout shall be a 1:1
nm xture of portland cenment and sand passing the No. 8 sieve. The
toppi ng concrete shall be deposited before the grout coat has had
time to stiffen.

3.1.2.1 Air-Water Cutting

Air-water cutting of a fresh concrete surface shall be perfornmed at
the proper tine and only on horizontal construction joints. The air
pressure used in the jet shall be 100 psi plus or mnus, 10 psi, and
the water pressure shall be just sufficient to bring the water into
ef fective influence of the air pressure. Wen approved by the
Contracting O ficer, a surface retarder conplying with the

requi rements of COE CRD-C 94 may be applied to the surface of the
lift in order to prolong the period of tinme during which air-water
cutting is effective. After cutting, the surface shall be washed
and rinsed as long as there is any trace of cloudi ness of the wash
water. \Where necessary to renove accunul ated | aitance, coatings,
stains, debris, and other foreign material, high-pressure waterjet
or sandbl asting shall be used as the | ast operation before placing
the next lift.

3.1.2.2 Hi gh- Pressure Water Jet

A stream of water under a pressure of not |ess than 3,000 psi shal
be used for cutting and cleaning. |Its use shall be delayed until

SECTI ON 03300 Page 20



RECLANMATI ON DI STRI CT NO. 784
PUMP STATI ON NO. 2 RELCCATI ON

the concrete is sufficiently hard so that only the surface skin or
nortar is renoved and there is no undercutting of coarse-aggregate
particles. |If the waterjet is incapable of a satisfactory cl eaning,
the surface shall be cleaned by sandbl asti ng.

3.1.2.3 Wt Sandbl asti ng

Wet sandbl asting shall be used after the concrete has reached
sufficient strength to prevent undercutting of the coarse aggregate
particles. After wet sandblasting, the surface of the concrete
shall then be washed thoroughly to renove all | oose materials.

3.1.2.4 \aste Disposa

The method used in disposing of waste water enployed in cutting,
washi ng, and rinsing of concrete surfaces shall be such that the
wast e water does not stain, discolor, or affect exposed surfaces of
the structures, or damage the environnment of the project area. The
net hod of disposal shall be subject to approval.

3.1.2.5 Preparati on of Previously Placed Concrete

Concrete surfaces to which other concrete is to be bonded shall be
abraded in an approved manner that will expose sound aggregate

uni formy w thout damagi ng the concrete. Laitance and | oose
particles shall be renoved. Surfaces shall be thoroughly washed and
shall be noist but without free water when concrete is placed.

3.1.3 Vapor Barrier

Vapor barrier shall be provided beneath the interior on-grade
concrete floor slabs. The greatest wi dths and | engths practicable
shall be used to elimnate joints wherever possible. Joints shall
be |l apped a m ninmumof 12 inches. Torn, punctured, or danmaged vapor
barrier material shall be rempbved and new vapor barrier shall be
provided prior to placing concrete. For mnor repairs, patches may
be made using laps of at |least 12 inches. Lapped joints shall be
seal ed and edges patched with pressure-sensitive adhesive or tape
not less than 2 inches wi de and conpatible with the nmenbrane. Vapor
barrier shall be placed directly on underlying subgrade, base
course, or capillary water barrier, unless it consists of crushed
material or large granular material which could puncture the vapor
barrier. In this case, the surface shall be choked with a |ight

| ayer of sand, as approved, before placing the vapor barrier. A 2
inch layer of conpacted, clean concrete sand (fine aggregate) shal
be placed on top of the vapor barrier before placing concrete.
Concrete placenent shall be controlled so as to prevent damage to
the vapor barrier, or any covering sand.

3.1. 4 Peri nmeter |nsul ation
Perinmeter insulation shall be installed at | ocations indicated.

Adhesi ve shall be used where insulation is applied to the interior
surface of foundation walls and may be used for exterior application.
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3.

1.5 Enbedded |t ens

Bef ore pl acenent of concrete, care shall be taken to determ ne that
all enbedded itens are firmy and securely fastened in place as

i ndi cated on the draw ngs, or required. Conduit and other enbedded
itenms shall be clean and free of oil and other foreign matter such
as | oose coatings or rust, paint, and scale. The enbeddi ng of wood
in concrete will be pernmitted only when specifically authorized or
directed. Voids in sleeves, inserts, and anchor slots shall be
filled tenporarily with readily renovable materials to prevent the
entry of concrete into voids. Wlding shall not be perfornmed on
enbedded netals within 1 feet of the surface of the concrete. Tack
wel di ng shall not be performed on or to enbedded itens.

.2 CONCRETE PRODUCTI ON

2.1 Bat chi ng, M xing, and Transporting Concrete

Concrete shall either be batched and m xed onsite or shall be

furni shed froma ready-m xed concrete plant. Ready-nixed concrete

shal | be batched, nixed, and transported in accordance with ASTM C

94/ C 94M except as otherw se specified. Truck m xers, agitators,

and nonagitating transporting units shall conply with NRMCA TMVB 100.
Ready-m x plant equi pnent and facilities shall be certified in

accordance with NRMCA QC 3. Approved batch tickets shall be

furni shed for each | oad of ready-ni xed concrete. Site-m xed

concrete shall conformto the follow ng subparagraphs.

.2.1.1 Cener al

The batching plant shall be |located off site close to the project.
The batching plant shall conformto the requirenments of NRMCA CPMVB
100 and as specified; however, rating plates attached to batch pl ant
equi pnment are not required.

.2.1.2 Bat chi ng Equi prent

The batching controls shall be seniautomatic or automatic, as
defined in NRMCA CPMB 100. A seniautomatic batching systemshall be
provided with interlocks such that the discharge device cannot be
actuated until the indicated naterial is within the applicable

tol erance. The batching system shall be equi pped with accurate
recorder or recorders that neet the requirenments of NRMCA CPMB 100.
The wei ght of water and adm xtures shall be recorded if batched by
wei ght. Separate bins or conpartnments shall be provided for each
size group of aggregate and type of cenentitious material, to
prevent internmingling at any tine. Aggregates shall be wei ghed
either in separate wei gh batchers with individual scal es or
provided the smallest size is batched first, cunmulatively in one
wei gh batcher on one scale. Aggregate shall not be weighed in the
same batcher with cenentitious material. |f both portland cenent
and other cenentitious naterial are used, they may be batched

cumul atively, provided that the portland cenent is batched first,
except that silica funme shall always be batched separately. Water
may be neasured by weight or volune. Water shall not be wei ghed or
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measured cunul atively with another ingredient. Filling and

di schargi ng valves for the water netering or batching system shal

be so interlocked that the discharge val ve cannot be opened before
the filling valve is fully closed. Piping for water and for

adm xtures shall be free fromleaks and shall be properly valved to
prevent backflow or siphoning. Adm xtures shall be furnished as a
liquid of suitable concentration for easy control of dispensing. An
adj ust abl e, accurate, nechanical device for measuring and di spensing
each adm xture shall be provided. Each adm xture dispenser shall be
interl ocked with the batching and di schargi ng operation of the water
so that each admi xture is separately batched and individually

di scharged automatically in a manner to obtain uniformdistribution
t hroughout the water as it is added to the batch in the specified

m xi ng period. Wen use of truck m xers makes this requirenent

i mpractical, the adm xture dispensers shall be interlocked with the
sand batchers. Different adm xtures shall not be conbined prior to
introduction in water and shall not be allowed to internmingle until
in contact with the cement. Adm xture dispensers shall have
suitabl e devices to detect and indicate flow during di spensing or
have a nmeans for visual observation. The plant shall be arranged so
as to facilitate the inspection of all operations at all tines.
Suitable facilities shall be provided for obtaining representative
sanpl es of aggregates from each bin or conpartnment, and for sanpling
and calibrating the dispensing of cenmentitious material, water, and
adm xtures. Filling ports for cenentitious naterials bins or silos
shall be clearly marked with a permanent sign stating the contents.

3.2.1.3 Scal es

The wei ghi ng equi pnent shall conformto the applicable requirenents
of CPMB Concrete Plant Standard, and of NI ST HB 44, except that the
accuracy shall be plus or mnus 0.2 percent of scale capacity. The
Contractor shall provide standard test weights and any ot her
auxiliary equi pment required for checking the operating performance
of each scale or other neasuring devices. The tests shall be made
at the specified frequency in the presence of a Governnent

i nspector. The wei ghing equi prent shall be arranged so that the

pl ant operator can conveniently observe all dials or indicators.

3.2.1.4 Bat chi ng Tol erances

(A) Tol erances w th Wi ghi ng Equi prent

PERCENT OF REQUI RED

MATERI AL V\EI GHT
Cenentitious materials Oto plus 2
Aggr egat e plus or mnus 2
Wat er plus or mnus 1
Chemi cal adm xture Oto plus 6

(B) Tolerances with Volunetric Equi pnent

For volunetric batching equi pnent used for water and adni xtures, the
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foll owing tolerances shall apply to the required volune of materi al
bei ng bat ched:

PERCENT OF REQUI RED

MATERI AL MATERI AL
Wat er : plus or mnus 1 percent
Chemi cal adm xtures: 0 to plus 6 percent

3.2.1.5 Mbi sture Contr ol

The plant shall be capable of ready adjustnment to conpensate for the
varying noi sture content of the aggregates and to change the weights
of the materials being batched.

3.2.1.6 Concrete M xers

M xers shall be stationary m xers or truck nmixers. Mxers shall be
capabl e of conmbining the naterials into a uniformm xture and of

di scharging this mixture wthout segregation. The nixers shall not
be charged in excess of the capacity recommended by the

manuf acturer. The nixers shall be operated at the drum or m xing
bl ade speed designated by the manufacturer. The nixers shall be
mai ntai ned in satisfactory operating condition, and the m xer druns
shall be kept free of hardened concrete. Should any m xer at any
ti me produce unsatisfactory results, its use shall be pronptly

di scontinued until it is repaired.

3.2.1.7 Stationary M xers

Concrete plant mxers shall be drumtype mxers of tilting,
nontilting, horizontal-shaft, or vertical-shaft type, or shall be
pug mll type and shall be provided with an acceptable device to

| ock the discharge nechanismuntil the required m xing tine has

el apsed. The mixing tinme and uniformty shall conformto all the
requi rements in ASTM C 94/ C 94M applicable to central -m xed concrete.

3.2.1.8 Truck M xers

Truck mixers, the nixing of concrete therein, and concrete
uniformty shall conformto the requirenents of ASTM C 94/C 94M A
truck mxer may be used either for conplete mxing (transit-n xed)
or to finish the partial nmixing done in a stationary mni xer
(shrink-m xed). Each truck shall be equipped with two counters from
which it is possible to determ ne the nunber of revolutions at

m xi ng speed and the nunber of revolutions at agitating speed. O,
if approved in lieu of this, the nunber of revolutions shall be

mar ked on the batch tickets. Wter shall not be added at the

pl acing site unless specifically approved; and in no case shall it
exceed the specified wc. Any such water shall be injected at the
base of the mixer, not at the discharge end.

3.6 TRANSPORTI NG CONCRETE TO PRQIECT SITE

Concrete shall be transported to the placing site in nonagitating
transporting equi pment conforming to NRMCA TMVB 100 or by approved
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punpi ng equi prent
3.7 CONVEYI NG CONCRETE ON SI TE

Concrete shall be conveyed from m xer or transporting unit to forns
as rapidly as possible and within the time interval specified by
met hods which will prevent segregation or |oss of ingredients using
foll owi ng equi pnent. Conveyi ng equi pnment shall be cl eaned before
each pl acenent.

3.7.1 Bucket s

The interior hopper slope shall be not |ess than 58 degrees fromthe
hori zontal , the m ni mum di mensi on of the clear gate opening shall be
at least 5 tinmes the nom nal naxi numsize aggregate, and the area of
the gate opening shall not be |ess than 2 square feet.The maxi num

di mensi on of the gate opening shall not be greater than tw ce the

nm ni num di mensi on. The bucket gates shall be essentially grout

ti ght when closed and may be manual ly, pneumatically, or
hydraul i cally operated except that buckets |arger than 2 cubic yards
shall not be manually operated. The design of the bucket shal
provi de neans for positive regulation of the amunt and rate of
deposit of concrete in each dunping position.

3.7.2 Transfer Hoppers

Concrete may be charged into nonagitating hoppers for transfer to

ot her conveyi ng devi ces. Transfer hoppers shall be capabl e of
receiving concrete directly fromdelivery vehicles and shall have
coni cal -shaped di scharge features. The transfer hopper shall be
equi pped with a hydraulically operated gate and with a nmeans of
external vibration to effect conplete discharge. Concrete shall not
be held in nonagitating transfer hoppers nore than 30 m nutes.

3.7.3 Trucks

Truck m xers operating at agitating speed or truck agitators used
for transporting plant-m xed concrete shall conformto the

requi rements of ASTM C 94/ C 94M  Nonagi tati ng equi pnent shall be
used only for transporting plant-m xed concrete over a snooth road
and when the hauling tinme is less than 15 minutes. Bodies of

nonagi tati ng equi pnent shall be snmooth, watertight, metal containers
specifically designed to transport concrete, shaped with rounded
corners to mnimze segregation, and equipped with gates that will
permit positive control of the discharge of the concrete.

3.7.4 Chut es

When concrete can be placed directly froma truck mixer, agitator
or nonagitating equi pment, the chutes normally attached to this
equi prent by the manufacturer nmay be used. A discharge defl ector
shall be used when required by the Contracting Oficer. Separate
chutes and other sinilar equiprment will not be permitted for
conveyi ng concrete.
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3.

7.5 Belt Conveyors

Belt conveyors shall be designed and operated to assure a uniform
flow of concrete fromm xer to final place of deposit w thout
segregation of ingredients or loss of nortar and shall be provided
with positive means, such as discharge baffle or hopper , for
preventi ng segregation of the concrete at the transfer points and
the point of placing. Belt conveyors shall be constructed such that
the idler spacing shall not exceed 36 inches. The belt speed shal
be a m ni mum of 300 feet per mnute and a maxi num of 750 feet per
mnute. |If concrete is to be placed through installed horizontal or
sl oping reinforcing bars, the conveyor shall discharge concrete into
a pipe or elephant truck that is |ong enough to extend through the
rei nforcing bars.

. 7.6 Concrete Punps

Concrete may be conveyed by positive displacement punp when
approved. The punpi ng equi prent shall be piston or squeeze pressure
type; pneumatic placing equi prent shall not be used. The pipeline
shall be rigid steel pipe or heavy-duty flexible hose. The inside
di aneter of the pipe shall be at least 3 tinmes the nomn nal
maxi mum si ze coarse aggregate in the concrete mxture to be punped
but not less than 4 inches. Al um num pi pe shall not be used.

. 8 PLACI NG CONCRETE

M xed concrete shall be discharged within 1-1/2 hours or before the
ni xer drum has revol ved 300 revol utions, whichever cones first after
the introduction of the nixing water to the cenment and aggregates.
When the concrete tenperature exceeds 85 degrees F, the tine shall
be reduced to 45 mnutes. Concrete shall be placed within 15

nm nutes after it has been di scharged fromthe transporting unit.
Concrete shall be handled fromm xer or transporting unit to forns
in a continuous manner until the approved unit of operation is

compl eted. Adequate scaffol ding, ranps and wal kways shal |l be

provi ded so that personnel and equi pnent are not supported by
in-place reinforcement. Placing will not be permtted when the sun
heat, wind, or linmtations of facilities furnished by the Contractor
prevent proper consolidation, finishing and curing. Sufficient

pl aci ng capacity shall be provided so that concrete can be kept free
of cold joints.

.8.1 Depositing Concrete

Concrete shall be deposited as close as possible to its final
position in the forns, and there shall be no vertical drop greater
than 5 feet except where suitable equipnent is provided to prevent
segregati on and where specifically authorized. Depositing of the
concrete shall be so regulated that it will be effectively
consolidated in horizontal |ayers not nore than 12 inches thick
except that all slabs shall be placed in a single |ayer. Concrete
to receive other construction shall be screeded to the proper |evel

Concrete shall be deposited continuously in one layer or in |ayers
so that fresh concrete is deposited on in-place concrete that is
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still plastic. Fresh concrete shall not be deposited on concrete
that has hardened sufficiently to cause fornmati on of seans or planes
of weakness within the section. Concrete that has surface dri ed,
partially hardened, or contains foreign material shall not be used.
When tenporary spreaders are used in the forns, the spreaders shal
be renoved as their service becones unnecessary. Concrete shall not
be placed in slabs over colums and walls until concrete in colums
and wal | s has been in-place at |east two hours or until the concrete
begins to lose its plasticity. Concrete for beans, girders,
brackets, colum capitals, haunches, and drop panels shall be placed
at the same tinme as concrete for adjoining slabs.

3.8.2 Consol i dati on

I medi ately after placing, each |ayer of concrete shall be
consol i dated by internal vibrators, except for slabs 4 inches thick
or less. The vibrators shall at all times be adequate in

ef fectiveness and nunber to properly consolidate the concrete; a
spare vibrator shall be kept at the jobsite during all concrete

pl aci ng operations. The vibrators shall have a frequency of not

| ess than 10,000 vibrations per minute, an anplitude of at |east
0.025 inch, and the head di aneter shall be appropriate for the
structural nmenber and the concrete mixture being placed. Vibrators
shall be inserted vertically at uniform spacing over the area of

pl acement. The distance between insertions shall be approximately
1-1/2 times the radius of action of the vibrator so that the area
being vibrated will overlap the adjacent just-vibrated area by a
reasonabl e anmount. The vibrator shall penetrate rapidly to the
bottom of the layer and at |east 6 inches into the preceding | ayer
if there is such. Vibrator shall be held stationary until the
concrete is consolidated and then vertically withdrawn slowy while
operating. Formvibrators shall not be used unless specifically
approved and unless forns are constructed to withstand their use.

Vi brators shall not be used to nove concrete within the forns.

Sl abs 4 inches and I ess in thickness shall be consolidated by
properly designed vibrating screeds or other approved technique.
Excessive vibration of |ightweight concrete resulting in segration
or flotation of coarse aggregate shall be prevented. Frequency and
anpl i tude of vibrators shall be determ ned in accordance with COE
CRD-C 521. Gate tanpers ("jitterbugs") shall not be used

3.8.3 Col d Weat her Requi renents

Speci al protection neasures, approved by the Contracting Oficer,
shall be used if freezing tenperatures are anticipated before the
expiration of the specified curing period. The anbient tenperature
of the air where concrete is to be placed and the tenperature of
surfaces to receive concrete shall be not |ess than 40 degrees F.
The tenperature of the concrete when placed shall be not |ess than
50 degrees F nor nore than 75 degrees F. Heating of the nixing

wat er or aggregates will be required to regulate the concrete

pl acing tenperature. Materials entering the nixer shall be free
fromice, snow, or frozen lunps. Salt, chenicals or other materials
shall not be incorporated in the concrete to prevent freezing. Upon
witten approval, an accelerating adm xture confornmng to ASTM C
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494/ C 494M Type C or E may be used, provided it contains no cal ci um
chloride. Calciumchloride shall not be used.

3.8.4 Hot Weat her Requirenents

When the anbient tenperature during concrete placing is expected to
exceed 85 degrees F, the concrete shall be placed and finished with
procedures previously submtted and as specified herein. The
concrete tenperature at tinme of delivery to the fornms shall not
exceed the tenperature shown in the table bel ow when nmeasured in
accordance with ASTM C 1064/ C 1064M Cooling of the m xing water or
aggregates or placing concrete in the cooler part of the day may be
required to obtain an adequate placing tenperature. A retarder may
be used, as approved, to facilitate placing and finishing. Steel
forms and reinforcenents shall be cool ed as approved prior to
concrete placenent when steel tenperatures are greater than 120
degrees F. Conveying and pl aci ng equi pnent shall be cooled if
necessary to mmintain proper concrete-placing tenperature.

Maxi mum Al | owabl e Concrete Pl aci ng Tenperature

Rel ative Humi dity, Percent, Maxi mum Al | owabl e Concrete
During Time of Tenper at ure
Concrete Pl acenent Degr ees
Greater than 60 90 F
40- 60 85 F
Less than 40 80 F

3.8.5 Prevention of Plastic Shrinkage Cracking

During hot weather with low hum dity, and particularly wth

appreci able wind, as well as interior placenents when space heaters
produce |l ow humdity, the Contractor shall be alert to the tendency
for plastic shrinkage cracks to devel op and shall institute neasures
to prevent this. Particular care shall be taken if plastic
shrinkage cracking is potentially inmnent and especially if it has
devel oped during a previous placenent. Periods of high potential
for plastic shrinkage cracking can be anticipated by use of Fig.
2.1.5 of ACl 305R In addition the concrete placenent shall be
further protected by erecting shades and w ndbreaks and by appl yi ng
fog sprays of water, sprinkling, ponding or wet covering. Plastic
shrinkage cracks that occur shall be filled by injection of epoxy
resin as directed, after the concrete hardens. Plastic shrinkage
cracks shall never be troweled over or filled with slurry.

3.8.6 Pl aci ng Concrete Underwat er

Concrete shall be deposited in water by a trem e or concrete punp.
The met hods and equi prent used shall be subject to approval.
Concrete buckets shall not be used for underwater placenent of
concrete except to deliver concrete to the treme. The trenie shal
be watertight and sufficiently large to pernit a free fl ow of
concrete. The concrete shall be deposited so that it enters the
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mass of the previously placed concrete fromwi thin, displacing water
with a mni mum di sturbance to the surface of the concrete. The

di scharge end of the punp line or trem e shaft shall be kept
continuously subnerged in the concrete. The underwater seal at
start of placing shall not produce undue turbul ence in the water.
The trem e shaft shall be kept full of concrete to a point well
above the water surface. Placenent shall proceed wi thout
interruption until the concrete has been brought to the required
height. The trem e shall not be noved horizontally during a placing
operation, and a sufficient nunber of trem es shall be provided so
that the maxi mum horizontal flow of concrete will be limted to 15
feet. Concrete shall not be deposited in running water or in water
with a tenperature bel ow 35 degrees F.

3.8.7 Pl aci ng Concrete in Congested Areas

Speci al care shall be used to ensure conplete filling of the forns,
elimnation of all voids, and conplete consolidation of the concrete
when pl acing concrete in areas congested with reinforcing bars,
enbedded itens, waterstops and other tight spacing. An appropriate
concrete m xture shall be used, and the nom nal naxi num si ze of
aggregate (NVSA) shall neet the specified criteria when eval uated
for the congested area. Vibrators with heads of a size appropriate
for the clearances avail able shall be used, and the consoli dati on
operation shall be closely supervised to ensure conpl ete and
t horough consolidation at all points. Were necessary, splices of
reinforcing bars shall be alternated to reduce congestion. Were
two mats of closely spaced reinforcing are required, the bars in
each mat shall be placed in matching alignnment to reduce congestion
Rei nforcing bars nmay be tenporarily crowded to one side during
concrete placenent provided they are returned to exact required
| ocation before concrete placenent and consolidation are conpl et ed.

3.8.8 Pl aci ng Fl owabl e Concrete

If a plasticizing adm xture conform ng to ASTM C 1017/C 1017M i s
used or if a Type F or G high range water reducing adni xture is
permitted to increase the slunp, the concrete shall neet al

requi rements of paragraph GENERAL REQUI REMENTS in PART 1. Extrene
care shall be used in conveying and placing the concrete to avoid
segregation. Consolidation and finishing shall neet al

requi rements of paragraphs Placing Concrete, Finishing Fornmed
Surfaces, and Finishing Unforned Surfaces. No relaxation of

requi rements to accommodate flowable concrete will be permtted.

3.9 JANTS

Joints shall be l|ocated and constructed as indicated or approved.
Joints not indicated on the draw ngs shall be |ocated and
constructed to minimze the inpact on the strength of the structure.
In general, such joints shall be |ocated near the mddle of the
spans of supported slabs, beans, and girders unless a beam
intersects a girder at this point, in which case the joint in the
girder shall be offset a distance equal to twice the width of the
beam Joints in walls and colums shall be at the underside of
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floors, slabs, beanms, or girders and at the tops of footings or

fl oor slabs, unless otherw se approved. Joints shall be

per pendi cular to the main reinforcenent. Al reinforcenent shall be
conti nued across joints; except that reinforcenent or other fixed
nmetal items shall not be continuous through expansion joints, or
through construction or contraction joints in slabs on grade.

Rei nforcenment shall be 2 inches clear fromeach joint. Except where
ot herwi se indicated, construction joints between interior slabs on
grade and vertical surfaces shall consist of 30 pound
asphalt-saturated felt, extending for the full depth of the slab

The perinmeters of the slabs shall be free of fins, rough edges,

spal ling, or other unsightly appearance. Reservoir for sealant for
construction and contraction joints in slabs shall be fornmed to the
di nensi ons shown on the draw ngs by renovi ng snap-out joint-formng
i nserts, by sawi ng sawabl e inserts, or by sawing to widen the top
portion of sawed joints. Joints to be sealed shall be cleaned and
seal ed as indicated and in accordance with Section 07900 JO NT

SEALI NG

3.9.1 Construction Joints

For concrete other than slabs on grade, construction joints shall be
| ocated so that the unit of operation does not exceed 40 feet.
Concrete shall be placed continuously so that each unit is
monolithic in construction. Fresh concrete shall not be placed
agai nst adj acent hardened concrete until it is at |east 24 hours
old. Construction joints shall be |ocated as indicated or approved.
Where concrete work is interrupted by weather, end of work shift or
other simlar type of delay, l|ocation and type of construction joint
shal | be subject to approval of the Contracting Oficer. Unless
ot herwi se indi cated and except for slabs on grade, reinforcing steel
shal | extend through construction joints. Construction joints in
sl abs on grade shall be keyed or dowel ed as shown. Concrete
colums, walls, or piers shall be in place at |east 2 hours, or
until the concrete begins to lose its plasticity, before placing
concrete for beans, girders, or slabs thereon. |In walls having door
or wi ndow openings, lifts shall term nate at the top and bottom of
the opening. Oher lifts shall term nate at such levels as to
conformto structural requirenents or architectural details. \Where
hori zontal construction joints in walls or colums are required, a
strip of 1 inchsquare-edge |unber, bevelled and oiled to facilitate
renoval, shall be tacked to the inside of the forns at the
construction joint. Concrete shall be placed to a point 1 inch
above the underside of the strip. The strip shall be renmoved 1 hour
after the concrete has been placed, and any irregularities in the
joint line shall be leveled off with a wood float, and all |aitance
shall be renpved. Prior to placing additional concrete, horizonta
construction joints shall be prepared as specified in paragraph
Previously Pl aced Concrete.

3.9.2 Contraction Joints in Slabs on G ade
Contraction joints shall be located and detail ed as shown on the

drawi ngs. Contraction Joints shall be produced by form ng a
weakened plane in the concrete slab by use of rigid inserts
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i mpressed in the concrete during placing operations or sawinhg a
continuous slot with a concrete saw. Regardless of nethod used to
produce the weakened plane, it shall be 1/4 the depth of the slab
t hi ckness and between 1/8 and 3/16 inch wide. For sawcut joints,
cutting shall be timed properly with the set of the concrete.
Cutting shall be started as soon as the concrete has hardened
sufficiently to prevent ravelling of the edges of the saw cut.
Cutting shall be conpleted before shrinkage stresses becone
sufficient to produce cracking. Reservoir for joint sealant shal
be forned as previously specified.

3.9.3 Expansi on Joints

Installation of expansion joints and sealing of these joints shal
conformto the requirenments of Section 03150 EXPANSI ON JO NTS,
CONTRACTI ON JO NTS, AND WATERSTOPS and Section 07900 JO NT SEALI NG

3.10 FI NI SHI NG FORVMED SURFACES

Forms, formmaterials, and formconstruction are specified in
Section 03100 STRUCTURAL CONCRETE FORMAORK. Fi ni shing of forned
surfaces shall be as specified herein. Unless another type of
architectural or special finish is specified, surfaces shall be |eft
with the texture inparted by the forns except that defective
surfaces shall be repaired. Unless painting of surfaces is

requi red, uniformcolor of the concrete shall be maintained by use
of only one mixture without changes in materials or proportions for
any structure or portion of structure that requires a Cass Aor B
finish. Except for mmjor defects, as defined hereinafter, surface
defects shall be repaired as specified herein within 24 hours after
forms are renoved. Repairs of the so-called "plaster-type" will not
be permitted in any location. Tolerances of fornmed surfaces shal
conformto the requirenents of ACI 117/117R  These tol erances apply
to the finished concrete surface, not to the fornms thensel ves; forns
shall be set true to line and grade. Formtie holes requiring
repair and other defects whose depth is at |least as great as their
surface dianeter shall be repaired as specified in paragraph

Danp- Pack Mortar Repair. Defects whose surface dianmeter is greater
than their depth shall be repaired as specified in paragraph Repair
of Major Defects. Repairs shall be finished flush with adjacent
surfaces and with the same surface texture. The cenent used for al
repairs shall be a blend of job cenent with white cenent
proportioned so that the final color after curing and aging will be
the sanme as the adjacent concrete. Concrete with excessive
honeyconb, or other defects which affect the strength of the nenber
will be rejected. Repairs shall be denpbnstrated to be acceptable
and free fromcracks or |oose or drumy areas at the conpletion of
the contract and, for Class A and B Finishes, shall be

i nconspi cuous. Repairs not neeting these requirenents will be
rejected and shall be repl aced.

3.10.1 Class A Finish and d ass B Finish

Class Afinish is required where indicated on the drawings. Cass B
finish is required where indicated on the draw ngs Fins, ravelings,
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and | oose nmaterial shall be renoved, all surface defects over 1/2
inch in diameter or nore than 1/2 inch deep, shall be repaired and,
except as otherw se indicated or as specified in Section 03100
STRUCTURAL CONCRETE FORMAORK, holes left by renoval of formties
shall be reamed and filled. Defects nore than 1/2 inch in dianeter
shall be cut back to sound concrete, but in all cases at least 1 inch
deep. The Contractor shall prepare a sanple panel for approval (as
specified in PART 1) before comrencing repair, showi ng that the
surface texture and color match will be attained. Metal tools
shall not be used to finish repairs in Cass A surfaces.

3.10.3.1 Srmoot h Fi ni sh

After other concrete construction is conplete in each overal
separate contiguous area of the structure, snmooth finish shall be
applied to the areas indicated on the drawings . A nortar mX
consi sting of one part portland cenment and two parts well-graded
sand passing a No. 30 sieve, with water added to give the

consi stency of thick paint, shall be used. Were the finished
surface will not receive other applied surface, white cenent shal
be used to replace part of the job cenment to produce an approved
col or, which shall be uniformthroughout the surfaces of the
structure. After the surface has been thoroughly wetted and al | owed
to approach surface dryness, the nortar shall be vigorously applied
to the area by clean burlap pads or by cork or wood-floating, to
completely fill all surface voids. Excess grout shall be scraped
off with a trowel. As soon as it can be acconplished wi thout
pulling the nortar fromthe voids, the area shall be rubbed with
burl ap pads having on their surface the sane sand-cenent m x
specified above but without any m xing water, until all of the
visible grout filmis renoved. The burlap pads used for this
operation shall be stretched tightly around a board to prevent

di shing the nortar in the voids. The finish of any area shall be
completed in the same day, and the limts of a finished area shal
be made at natural breaks in the surface. The surface shall be
conti nuously noist cured for 48 hours commencing i mredi ately after
finishing operations in each area. The tenperature of the air

adj acent to the surface shall be not |ess than 50 degrees F for 24
hours prior to, and 48 hours after, the application. |In hot, dry
weat her the snooth finish shall be applied in shaded areas or at

ni ght, and shall never be applied when there is significant hot, dry
wi nd.

3.11 REPAI RS
3.11.1 Danp- Pack Mortar Repair

Formtie holes requiring repair and other defects whose depth is at

| east as great as their surface dianmeter but not over 4 inchesshal
be repaired by the danp-pack nortar nethod. Formtie holes shall be
reaned and other simlar defects shall be cut out to sound concrete.
The void shall then be thoroughly cleaned, thoroughly wetted,
brush-coated with a thin coat of neat cenent grout and filled with
nortar. Mortar shall be a stiff mx of 1 part portland cenent to 2
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parts fine aggregate passing the No. 16 nesh sieve, and m ni mum
amount of water. Only sufficient water shall be used to produce a
nortar which, when used, will stick together on being nolded into a
ball by a slight pressure of the hands and will not exude water but
will |eave the hands danp. Mortar shall be m xed and allowed to
stand for 30 to 45 minutes before use with rem xing perfornmed
imedi ately prior to use. Mortar shall be thoroughly tanped in
place in thin layers using a hamer and hardwood bl ock. Holes
passing entirely through walls shall be conpletely filled fromthe
i nside face by forcing nortar through to the outside face. Al

hol es shall be packed full. Danp-pack repairs shall be noist cured
for at |east 48 hours.

3.11.2 Repair of Major Defects

Maj or defects will be considered to be those nore than 1/2 inch deep
or, for dass A and B finishes, nmore than 1/2 inch in di ameter and,
for Class C and D finishes, nore than 2 inches in dianeter. Also

i ncluded are any defects of any kind whose depth is over 4 inches or
whose surface dianeter is greater than their depth. Mjor defects
shall be repaired as specified bel ow

3.11.2.1 Surface Application of Mirtar Repair

Def ective concrete shall be renmoved, and renoval shall extend into
compl etely sound concrete. Approved equi pnent and procedures which
will not cause cracking or mcrocracking of the sound concrete shall
be used. |If reinforcenment is encountered, concrete shall be renoved
so as to expose the reinforcenment for at |east 2 inches on al

sides. Al such defective areas greater than 12 square inchesshal
be outlined by saw cuts at least 1 inch deep. Defective areas |ess
than 12 square inches shall be outlined by a 1 inch deep cut with a
core drill inlieu of sawing. Al saw cuts shall be straight lines
in a rectangular patternin line with the formwrk panels. After
concrete renoval, the surface shall be thoroughly cl eaned by high
pressure washing to renove all loose material. Surfaces shall be
kept continually saturated for the first 12 of the 24 hours

i medi ately before placing nortar and shall be danp but not wet at
the time of commencing nortar placenent. The Contractor, at his
option, nmay use either hand-placed nortar or nortar placed with a
nortar gun. |f hand-placed nortar is used, the edges of the cut
shal | be perpendicular to the surface of the concrete. The prepared
area shall be brush-coated with a thin coat of neat cenent grout.
The repair shall then be nmade using a stiff nortar, preshrunk by
allowing the mixed nortar to stand for 30 to 45 m nutes and then

reni xed, thoroughly tanped into place in thin layers. |If
hand-pl aced nortar is used, the Contractor shall test each repair
area for drunminess by firmtapping with a hammer and shall inspect

for cracks, both in the presence of the Contracting Oficer's
representative, inmediately before conpletion of the contract, and
shal | replace any showi ng drumm ness or cracking. |f nortar placed
with a nortar gun is used, the gun shall be a snall conpressed
air-operated gun to which the nortar is slowy hand fed and which
applies the nortar to the surface as a high-pressure stream as
approved. Repairs made using shotcrete equipment will not be
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accepted. The nortar used shall be the sane nortar as specified for
damp- pack nortar repair. |f gun-placed nortar is used, the edges of
the cut shall be beveled toward the center at a slope of 1:1. Al
surface applied nortar repairs shall be continuously noist cured for
at least 7 days. Mist curing shall consist of several |ayers of
saturated burlap applied to the surface inmediately after placenent
is conplete and covered with pol yethylene sheeting, all held closely
in place by a sheet of plywood or sinmilar material rigidly braced
against it. Burlap shall be kept continually wet.

3.11.2.2 Repair of Deep and Large Defects

Deep and | arge defects will be those that are nore than 6 inches
deep and al so have an average dianeter at the surface nore than 18
inches or that are otherwi se so identified by the Project Ofice.
Such defects shall be repaired as specified herein or directed,
except that defects which affect the strength of the structure shal
not be repaired and that portion of the structure shall be
completely renoved and replaced. Deep and |arge defects shall be
repai red by procedures approved in advance including formng and

pl aci ng speci al concrete using applied pressure during hardening.
Preparation of the repair area shall be as specified for surface

application of nortar. |In addition, the top edge (surface) of the
repair area shall be sloped at approximately 20 degrees fromthe
hori zontal , upward toward the side fromwhich concrete will be

pl aced. The special concrete shall be a concrete mixture with | ow
wat er content and | ow slunp, and shall be allowed to age 30 to 60

m nutes before use. Concrete containing a specified expanding

adm xture may be used in lieu of the above m xture; the paste
portion of such concrete mixture shall be designed to have an
expansi on between 2.0 and 4.0 percent when tested in accordance with
ASTM C 940. A full width "chimey" shall be provided at the top of
the formon the placing side to ensure filling to the top of the
opening. A pressure cap shall be used on the concrete in the
chimey with simultaneous tightening and revibrating the form during
hardening to ensure a tight fit for the repair. The formshall be
renoved after 24 hours and i medi ately the chi mey shall be
carefully chi pped away to avoid breaking concrete out of the repair;
the surface of the repair concrete shall be dressed as required.

3.11.3 Resi nous and Latex Material Repair

In lieu of the portland cenent bondi ng coats specified above, an
epoxy resin or a |latex bondi ng agent nay be used.

3.12 FI NI SH NG UNFORMED SURFACES

The finish of all unformed surfaces shall neet the requirenents of
paragraph Tol erances in PART 1, when tested as specified herein.

3.12.1 Gener al
The anbi ent tenperature of spaces adjacent to unfornmed surfaces

bei ng finished and of the base on which concrete will be placed
shall be not less than 50 degrees F. |In hot weather all
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requi rements of paragraphs Hot Wather Requirenments and Prevention
of Plastic Shrinkage Cracking shall be nmet. Unfornmed surfaces that
are not to be covered by additional concrete or backfill shall have
a float finish, with additional finishing as specified bel ow, and
shall be true to the el evation shown on the drawi ngs. Surfaces to
recei ve additional concrete or backfill shall be brought to the

el evati on shown on the draw ngs, properly consolidated, and |eft
true and regular. Unless otherwi se shown on the draw ngs, exterior
surfaces shall be sloped for drainage, as directed. Were drains
are provided, interior floors shall be evenly sloped to the drains.
Joints shall be carefully made with a jointing or edging tool. The
fini shed surfaces shall be protected from stains or abrasions.
Grate tanpers or "jitterbugs" shall not be used for any surfaces.
The dusting of surfaces with dry cenent or other materials or the
addition of any water during finishing shall not be permitted. |If
bl eedwater is present prior to finishing, the excess water shall be
carefully dragged off or renoved by absorption with porous materials
such as burlap. During finishing operations, extrenme care shall be
taken to prevent over finishing or working water into the surface;
this can cause "crazing" (surface shrinkage cracks which appear
after hardening) of the surface. Any slabs with surfaces which
exhi bit significant crazing shall be renoved and replaced. During
finishing operations, surfaces shall be checked with a 10 foot

strai ghtedge, applied in both directions at regular intervals while
the concrete is still plastic, to detect high or |ow areas.

3.12.3 Fl oat ed Fi ni sh

Slabs to receive nore than a rough slab finish shall next be given a
wood float finish. Areas as indicated on the draw ngs shall be
given only a float finish. The screeding shall be foll owed

i medi ately by darbying or bull floating before bleeding water is
present, to bring the surface to a true, even plane. Then, after
the concrete has stiffened so that it will withstand a man's wei ght
without inprint of nore than 1/4 inch and the water sheen has

di sappeared, it shall be floated to a true and even plane free of
ridges. Floating shall be perfornmed by use of suitable hand floats
or power driven equipnment. Sufficient pressure shall be used on the
floats to bring a filmof noisture to the surface. Hand floats
shall be made of wood, magnesium or alumnum Lightweight concrete
or concrete that exhibits stickiness shall be floated with a
magnesium fl oat. Care shall be taken to prevent over-finishing or

i ncorporating water into the surface.

3.12. 4 Trowel ed Fini sh

Areas as indicated on the draw ngs shall be given a trowel finish.
After floating is conplete and after the surface noisture has

di sappeared, unforned surfaces shall be steel-troweled to a snooth,
even, dense finish, free fromblem shes including trowel marks. In
lieu of hand finishing, an approved power finishing machi ne may be
used in accordance with the directions of the machi ne manufacturer.
Additional trowelings shall be performed, either by hand or nachine
until the surface has been troweled 3 tines, with waiting period
bet ween each. Care shall be taken to prevent blistering and if

SECTI ON 03300 Page 35



RECLANMATI ON DI STRI CT NO. 784
PUMP STATI ON NO. 2 RELCCATI ON

such occurs, troweling shall imrediately be stopped and operations
and surfaces corrected. A final hard steel troweling shall be done
by hand, with the trowel tipped, and using hard pressure, when the
surface is at a point that the trowel wll produce a ringing sound.
The finished surface shall be thoroughly consolidated and shall be
essentially free of trowel narks and be uniformin texture and
appearance. The concrete mxture used for trowel ed finished areas
shall be adjusted, if necessary, in order to provide sufficient
fines (cenentitious material and fine sand) to finish properly.

3.12.6 Non- Slip Finish

Non-slip floors shall be constructed in accordance with the
fol | owi ng subpar agr aphs.

3.12.6.1 Br oonmred

Areas as indicated on the draw ngs shall be given a brooned finish
After floating, the surface shall be lightly steel troweled, and
then carefully scored by pulling a hair push-type broom across the
surface. Brooming shall be transverse to traffic or at right angles
to the slope of the slab. After the end of the curing period, the
surface shall be vigorously broonmed with a coarse fiber broomto
renove all | oose or seni-detached particles.

3.13 FLOOR HARDENER

Areas as indicated on the drawi ngs shall be treated with floor
hardener. Floor hardener shall be applied after the concrete has
been cured and then air dried for 14 days. Three coats shall be
appl i ed, each the day after the preceding coat was applied. For the
first application, one pound of the silocofluoride shall be

di ssolved in one gallon of water. For subsequent applications, the
solution shall be two pounds of silicofluoride to each gallon of
water. Floor should be nopped with clear water shortly after the
precedi ng application has dried to renove encrusted salts.
Proprietary hardeners shall be applied in accordance with the
manufacturer's instructions. During application, area should be
well ventilated. Precautions shall be taken when applying
silicofluorides due to the toxicity of the salts. Any conpound that
contacts glass or alum num should be imredi ately renoved with clear
wat er .

3.14 EXTERI OR SLAB AND RELATED | TEMS
3.14. 1 Pavement s

Pavenents shall be constructed where shown on the drawi ngs. After
forms are set and underlying material prepared as specified, the
concrete shall be placed unifornly throughout the area and
thoroughly vibrated. As soon as placed and vi brated, the concrete
shall be struck off and screeded to the crowm and cross section and
to such el evati on above grade that when consolidated and fi ni shed,
the surface of the paverment will be at the required elevation. The
entire surface shall be tanped with the strike off, or consolidated
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with a vibrating screed, and this operation continued until the
requi red conpaction and reduction of internal and surface voids are
acconplished. Care shall be taken to prevent bringing excess paste
to the surface. |Inmmediately follow ng the final consolidation of
the surface, the pavenent shall be floated longitudinally from
bridges resting on the side fornms and spanni ng but not touching the
concrete. |If necessary, additional concrete shall be placed and
screeded, and the float operated until a satisfactory surface has
been produced. The floating operation shall be advanced not nore
than half the length of the float and then continued over the new
and previously floated surfaces. After finishing is conpleted but
while the concrete is still plastic, mnor irregularities and score
marks in the pavenent surface shall be elimnated by nmeans of

| ong- handl ed cutting strai ghtedges. Straightedges shall be 12 feet
in length and shall be operated fromthe sides of the pavenent and
frombridges. A straightedge operated fromthe side of the pavenent
shall be equipped with a handle 3 feet |onger than one-half the

wi dth of the pavenent. The surface shall then be tested for
trueness with a 12 foot straightedge held in successive positions
parall el and at right angles to the center |ine of the pavenent, and
the whol e area covered as necessary to detect variations. The

strai ghtedge shall be advanced al ong the pavenent in successive
stages of not nmore than one-half the I ength of the straightedge.
Depressions shall be imediately filled with freshly m xed concrete,
struck off, consolidated, and refinished. Projections above the
required el evation shall also be struck off and refinished. The
strai ghtedge testing and finishing shall continue until the entire
surface of the concrete is true.

3.14.2 Si dewal ks

Concrete shall be 4 inches mninumthickness. Contraction joints
shall be provided at 5 feet spaces unl ess otherw se indicated.
Contraction joints shall be cut 1 inch deep with a jointing tool
after the surface has been finished. Transverse expansion joints
1/2 inch thick shall be provided at changes in direction and where
si dewal k abuts curbs, steps, rigid pavenent, or other sinlar
structures. Sidewal ks shall be given a lightly broonmed finish. A
transverse slope of 1/4 inch per foot shall be provided, unless

ot herwi se indicated. Variations in cross section shall be limted
to 1/4 inch in 5 feet.

3.14. 3 Curbs and Gutters

Concrete shall be fornmed, placed, and finished by hand using a
properly shaped "nul e" or constructed using a slipform nachine
specially designed for this work. Contraction joints shall be cut 3
inches deep with a jointing tool after the surface has been
finished. Expansion joints (1/2 inch wi de) shall be provided at 100
f eet maxi mum spaci ng unl ess ot herwi se indicated. Exposed surfaces
shall be finished using a stiff bristled brush.

3.14. 4 Pits and Trenches

Pits and trenches shall be constructed as indicated on the draw ngs.
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3.

3.

Bottonms and walls shall be placed nonolithically or waterstops and
keys, shall be provided as approved.

15 CURI NG AND PROTECTI ON
15.1 Cener al

Concrete shall be cured by an approved nmethod for the period of tine
gi ven bel ow:

Al'l other concrete 7 days

I medi ately after placenment, concrete shall be protected from
premature drying, extrenes in tenperatures, rapid tenperature
change, nechanical injury and damage fromrain and flowi ng water for
the duration of the curing period. Air and forns in contact with
concrete shall be maintained at a tenperature above 50 degrees F for
the first 3 days and at a tenperature above 32 degrees F for the
remai nder of the specified curing period. Exhaust funes from
conmbustion heating units shall be vented to the outside of the

encl osure, and heaters and ducts shall be placed and directed so as
not to cause areas of overheating and drying of concrete surfaces or
to create fire hazards. Materials and equi prent needed for adequate
curing and protection shall be available and at the site prior to

pl acing concrete. No fire or excessive heat, including welding,
shall be permitted near or in direct contact with the concrete at
any time. Except as otherwi se pernitted by paragraph Menbrane

Formi ng Curing Conpounds, npist curing shall be provided for any
areas to receive floor hardener, any paint or other applied coating,
or to which other concrete is to be bonded. Concrete containing
silica funme shall be initially cured by fog msting during
finishing, followed i mediately by continuous noist curing. Except
for plastic coated burlap, inpervious sheeting alone shall not be
used for curing.

.15.2 Moi st Curi ng

Concrete to be noist-cured shall be maintained continuously wet for
the entire curing period, comencing inmediately after finishing.

If water or curing materials used stain or discolor concrete
surfaces which are to be permanently exposed, the concrete surfaces
shall be cleaned as approved. Wen wooden forns are left in place
during curing, they shall be kept wet at all tinmes. |If steel forns
are used in hot weather, nonsupporting vertical forms shall be

br oken | oose fromthe concrete soon after the concrete hardens and
curing water continually applied in this void. |If the forns are
renoved before the end of the curing period, curing shall be carried
out as on unformed surfaces, using suitable naterials. Surfaces
shall be cured by ponding, by continuous sprinkling, by continuously
saturated burlap or cotton mats, or by continuously saturated
plastic coated burlap. Burlap and mats shall be clean and free from
any contam nation and shall be conpletely saturated before being

pl aced on the concrete. The Contractor shall have an approved work
systemto ensure that noist curing is continuous 24 hours per day.
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3.15.3 Menbrane Form ng Curing Conpounds

Menbrane form ng curing conmpounds shall be used only on surfaces in
the following areas. Concrete in the follow ng areas nmay be cured
with a pignmented curing conpound in |lieu of noist curing. Menbrane
curing shall not be used on surfaces that are to receive any
subsequent treatnment dependi ng on adhesion or bonding to the
concrete, including surfaces to which a snmooth finish is to be
applied or other concrete to be bonded. However, a styrene acrylate
or chlorinated rubber conmpound neeting ASTM C 309, C ass B

requi rements, may be used for surfaces which are to be painted or
are to receive bitum nous roofing or waterproofing, or floors that
are to receive adhesive applications of resilient flooring. The
curing conmpound sel ected shall be compatible with any subsequent

pai nt, roofing, waterproofing or flooring specified. Menbrane
curing conmpound shall not be used on surfaces that are mmintained at
curing tenperatures with free steam Curing conmpound shall be
applied to forned surfaces i mMmediately after the forns are renoved
and prior to any patching or other surface treatnent except the

cl eaning of | oose sand, nortar, and debris fromthe surface. Al
surfaces shall be thoroughly noistened with water. Curing comnmpound
shall be applied to slab surfaces as soon as the bl eeding water has
di sappeared, with the tops of joints being tenporarily sealed to
prevent entry of the conpound and to prevent npisture |oss during
the curing period. The curing conmpound shall be applied in a

two- coat continuous operation by approved notorized power-spraying
equi prent operating at a mininum pressure of 75 psi, at a uniform
coverage of not nore than 400 square feet per gallon for each coat,
and the second coat shall be applied perpendicular to the first
coat. Concrete surfaces which have been subjected to rainfall
within 3 hours after curing conpound has been applied shall be
resprayed by the nethod and at the coverage specified. Surfaces on
whi ch cl ear conmpound is used shall be shaded fromdirect rays of the
sun for the first 3 days. Surfaces coated with curing conpound
shall be kept free of foot and vehicular traffic, and from ot her
sources of abrasion and contam nation during the curing peri od.

3.15.5 Pondi ng or | mersion

Concrete shall be continually inmersed throughout the curing period.
Water shall not be nore than 20 degrees F |less than the tenperature
of the concrete.

3.15.6 Col d Weat her Curing and Protection

When the daily anmbient |ow tenperature is |less than 32 degrees F the
tenperature of the concrete shall be nmintained above 40 degrees F
for the first seven days after placing. During the period of
protection renoval, the air tenperature adjacent to the concrete
surfaces shall be controlled so that concrete near the surface wll
not be subjected to a tenperature differential of nore than 25
degrees F as determ ned by suitable tenperature neasuring devices
furni shed by the Contractor, as required, and installed adjacent to
the concrete surface and 2 inches inside the surface of the
concrete. The installation of the thernmonmeters shall be nade by the
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3.

Contractor as directed.
16  SETTI NG BASE PLATES AND BEARI NG PLATES

After being properly positioned, colum base plates, bearing plates
for beans and simlar structural menbers, and machi nery and

equi prent base plates shall be set to the proper line and el evation
wi t h danp- pack beddi ng nortar, except where nonshrink grout is

i ndi cated. The thickness of the nortar or grout shall be
approximately 1/24 the width of the plate, but not |ess than 3/4
inch. Concrete and netal surfaces in contact with grout shall be
clean and free of oil and grease, and concrete surfaces in contact
with grout shall be danp and free of laitance when grout is placed.

.16.1 Danp- Pack Beddi ng Mort ar

Danp- pack beddi ng nortar shall consist of 1 part cenent and 2-1/2
parts fine aggregate having water content such that a nmass of nortar
tightly squeezed in the hand will retain its shape but will crunble
when di sturbed. The space between the top of the concrete and
bottom of the bearing plate or base shall be packed with the beddi ng
nortar by tanping or ranming with a bar or rod until it is
completely filled.

.16.2 Nonshri nk G out

Nonshrink grout shall be a ready-m xed material requiring only the
addition of water. Water content shall be the mininmmthat will
provide a flowable nixture and conpletely fill the space to be
grouted without segregation, bleeding, or reduction of strength.

.16.2.1 M xi ng and Pl aci ng of Nonshrink G out

M xi ng and pl aci ng shall be in conformance with the materi al

manuf acturer's instructions and as specified therein. Ingredients
shal | be thoroughly dry-m xed before adding water. After adding
wat er, the batch shall be m xed for 3 mnutes. Batches shall be of
size to allow continuous placenent of freshly m xed grout. G out
not used within 30 minutes after mxing shall be discarded. The
space between the top of the concrete or machi nery-bearing surface
and the plate shall be filled solid with the grout. Forns shall be
of wood or other equally suitable material for conpletely retaining
the grout on all sides and on top and shall be renpbved after the
grout has set. The placed grout shall be carefully worked by
roddi ng or other neans to elimnate voids; however, overworking and
breakdown of the initial set shall be avoided. Gout shall not be
retenpered or subjected to vibration fromany source. \ere

cl earances are unusually small, placenent shall be under pressure
with a grout punp. Tenperature of the grout, and of surfaces
receiving the grout, shall be maintained at 65 to 85 degrees F
until after setting.

.16.2.2 Treat ment of Exposed Surfaces

For netal - oxi di zi ng nonshrink grout, exposed surfaces shall be cut
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back 1 inch and inmedi ately covered with a parge coat of nortar
consisting of 1 part portland cenment and 2-1/2 parts fine aggregate
by weight, with sufficient water to nake a plastic nixture. The
parge coat shall have a snooth finish. For other nortars or grouts,
exposed surfaces shall have a snpoth-dense finish and be |eft
untreated. Curing shall comply with paragraph CURI NG AND PROTECTI ON

3.17 TESTI NG AND | NSPECTI ON FOR CONTRACTOR QUALI TY CONTROL

The Contractor shall performthe inspection and tests descri bed
bel ow and, based upon the results of these inspections and tests,
shal |l take the action required and shall submt specified reports.
When, in the opinion of the Contracting O ficer, the concreting
operation is out of control, concrete placenent shall cease and the
operation shall be corrected. The |aboratory perform ng the tests
shall be onsite and shall conformwi th ASTM C 1077. Materials may
be subjected to check testing by the Government from sanpl es
obt ai ned at the manufacturer, at transfer points, or at the project
site.

3.17.1 Grading and Corrective Action
3.17.1.1 Fi ne Aggregate

At | east once during each shift when the concrete plant is
operating, there shall be one sieve analysis and fineness nodul us
determ nation in accordance with ASTM C 136 and COE CRD-C 104 for
the fine aggregate or for each fine aggregate if it is batched in
nore than one size or classification. The |ocation at which sanples
are taken nay be selected by the Contractor as the npost advantageous
for control. However, the Contractor is responsible for delivering
fine aggregate to the nmixer within specification limts. Wen the
anount passing on any sieve is outside the specification linits, the
fine aggregate shall be imedi ately resanpled and retested. |f
there is another failure on any sieve, the fact shall imediately
reported to the Contracting Oficer, concreting shall be stopped,
and i mredi ate steps taken to correct the grading.

3.17. 1.2 Coar se Aggregate

At | east once during each shift in which the concrete plant is
operating, there shall be a sieve analysis in accordance with ASTM C
136 for each size of coarse aggregate. The |ocation at which
sanpl es are taken may be sel ected by the Contractor as the nost
advant ageous for production control. However, the Contractor shal
be responsible for delivering the aggregate to the mxer wthin
specification limts. A test record of sanples of aggregate taken
at the same | ocations shall show the results of the current test as
well as the average results of the five nost recent tests including
the current test. The Contractor may adopt limts for contro
coarser than the specification limts for sanples taken other than
as delivered to the mxer to allow for degradation during handling.
When t he anount passing any sieve is outside the specification
limts, the coarse aggregate shall be imediately resanpled and
retested. |If the second sanple fails on any sieve, that fact shal
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be reported to the Contracting Oficer. Were two consecutive
averages of 5 tests are outside specification limts, the operation
shal | be considered out of control and shall be reported to the
Contracting Oficer. Concreting shall be stopped and i nmedi ate
steps shall be taken to correct the grading.

3.17.2 Qual ity of Aggregates

Thirty days prior to the start of concrete placenent, the Contractor
shall performall tests for aggregate quality required by ASTM C 33.
In addition, after the start of concrete placenent, the Contractor

shall performtests for aggregate quality at |east every three

nmont hs, and when the source of aggregate or aggregate quality
changes. Sanples tested after the start of concrete placenent shall
be taken i mrediately prior to entering the concrete m xer

3.17.3 Scal es, Batchi ng and Recordi ng

The accuracy of the scal es shall be checked by test weights prior to
start of concrete operations and at |east once every three nonths.
Such tests shall also be nade as directed whenever there are
variations in properties of the fresh concrete that could result
frombatching errors. Once a week the accuracy of each batching and
recordi ng device shall be checked during a wei ghing operation by
noting and recording the required weight, recorded weight, and the
actual weight batched. At the sane time, the Contractor shall test
and ensure that the devices for dispensing adm xtures are operating
properly and accurately. Wen either the weighing accuracy or

bat chi ng accuracy does not conply with specification requirenents,
the plant shall not be operated until necessary adjustnents or
repairs have been made. Discrepancies in recording accuracies shal
be corrected i medi ately.

3.17. 4 Bat ch- Pl ant Contro

The neasurenment of concrete materials including cenentitious
material s, each size of aggregate, water, and adm xtures shall be
conti nuously controlled. The aggregate wei ghts and amount of added
wat er shall be adjusted as necessary to conpensate for free npisture
in the aggregates. The anount of air-entraining agent shall be
adjusted to control air content within specified [imts. A report
shall be prepared indicating type and source of cenment used, type
and source of pozzol an or slag used, ampunt and source of adm xtures
used, aggregate source, the required aggregate and water wei ghts per
cubi ¢ yard, anmount of water as free nmpisture in each size of
aggregate, and the batch aggregate and water wei ghts per cubic yard
for each class of concrete batched during each day's plant operation

3.17.5 Concrete M xture

a. Air Content Testing. Air content tests shall be nade when test
specinens are fabricated. In addition, at |least two tests for air
content shall be nade on randomy sel ected batches of each
separate concrete m xture produced during each 8-hour period of
concrete production. Additional tests shall be nmade when
excessive variation in workability is reported by the placing
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foreman or Government inspector. Tests shall be made in
accordance with ASTM C 231 for normal wei ght concrete and ASTM C
173 for lightweight concrete. Test results shall be plotted on
control charts which shall at all tinmes be readily available to
the Governnent and shall be submitted weekly. Copies of the
current control charts shall be kept in the field by testing crews
and results plotted as tests are nade. When a single test result
reaches either the upper or lower action limt, a second test
shall inmedi ately be made. The results of the two tests shall be
averaged and this average used as the air content of the batch to
pl ot on both the air content and the control chart for range, and
for determ ning need for any renedial action. The result of each
test, or average as noted in the previous sentence, shall be
plotted on a separate control chart for each m xture on which an
"average line" is set at the mdpoint of the specified air content
range from paragraph Air Entrainnment. An upper warning limt and
a lower warning limt line shall be set 1.0 percentage point above
and bel ow the average |line, respectively. An upper action limt
and a lower action linmt line shall be set 1.5 percentage points
above and bel ow the average line, respectively. The range between
each two consecutive tests shall be plotted on a secondary contro
chart for range where an upper warning limt is set at 2.0
percentage points and an upper action linmt is set at 3.0
percentage points. Sanples for air content nay be taken at the

m xer, however, the Contractor is responsible for delivering the
concrete to the placenent site at the stipulated air content. |If
the Contractor's materials or transportati on nethods cause air
content |oss between the nixer and the placenent, correlation
sanpl es shall be taken at the placenent site as required by the
Contracting O ficer, and the air content at the m xer controlled
as directed.

b. Air Content Corrective Action. \Wenever points on the contro
chart for percent air reach either warning limt, an adjustnent
shall inmediately be nmade in the anount of air-entraining
adm xture batched. As soon as practical after each adjustnent,
anot her test shall be nade to verify the result of the adjustnent.

Whenever a point on the secondary control chart for range reaches
the warning lint, the adm xture di spenser shall be recalibrated
to ensure that it is operating accurately and with good
reproduci bility. Wenever a point on either control chart reaches
an action limt line, the air content shall be considered out of
control and the concreting operation shall inmrediately be halted
until the air content is under control. Additional air content
tests shall be nmade when concreting is restarted.

c. Slunp Testing. In addition to slunp tests which shall be nade
when test specinmens are fabricated, at |east four slunp tests
shal |l be nade on randomy sel ected batches in accordance with ASTM
C 143/ C 143M for each separate concrete m xture produced during
each 8-hour or less period of concrete production each day. Also,
additional tests shall be nade when excessive variation in
workability is reported by the placing foreman or Gover nnent
i nspector. Test results shall be plotted on control charts which
shall at all times be readily available to the Governnent and
shall be subnmitted weekly. Copies of the current control charts
shall be kept in the field by testing crews and results plotted as
tests are nmade. Wen a single slunp test reaches or goes beyond
either the upper or lower action limt, a second test shal
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i medi ately be nade. The results of the two tests shall be
averaged and this average used as the slunp of the batch to plot
on both the control charts for slunp and the chart for range, and
for determ ning need for any renedial action. Linits shall be set
on separate control charts for slunp for each type of mxture.

The upper warning linmt shall be set at 1/2 inch bel ow t he maxi mnum
al | owabl e sl unp specified in paragraph Slunp in PART 1 for each
type of concrete and an upper action limt line and | ower action
limt line shall be set at the nmaxi mum and mini num al | owabl e

sl unps, respectively, as specified in the sane paragraph. The
range between each consecutive slunp test for each type of mxture
shall be plotted on a single control chart for range on which an
upper action limt is set at 2 inches. Sanples for slunp shall be
taken at the mxer. However, the Contractor is responsible for
delivering the concrete to the placenent site at the stipul ated
slunmp. If the Contractor's materials or transportation nethods
cause slunp | oss between the mixer and the placenent, correlation
sanpl es shall be taken at the placenent site as required by the
Contracting Oficer, and the slunp at the m xer controlled as

di r ect ed.

d. Slunp Corrective Action. Wenever points on the control charts
for slunp reach the upper warning linit, an adjustnent shal
i medi ately be nade in the batch weights of water and fine
aggregate. The adjustnents are to be nade so that the total water
content does not exceed that anount allowed by the nmaxi mum w c
rati o specified, based on aggregates which are in a saturated
surface dry condition. Wen a single slunp reaches the upper or
lower action limt, no further concrete shall be delivered to the
placing site until proper adjustnents have been made. |mediately
after each adjustment, another test shall be made to verify the
correctness of the adjustnent. Whenever two consecutive
i ndi vi dual slunp tests, nmade during a period when there was no
adj ust nent of batch wei ghts, produce a point on the control chart
for range at or above the upper action linmt, the concreting
operation shall inmmediately be halted, and the Contractor shal
take appropriate steps to bring the slunp under control
Addi tional slunmp tests shall be nmade as directed.

e. Tenperature. The tenperature of the concrete shall be neasured
when conpressive strength specinens are fabricated. Measurenent
shal |l be in accordance with ASTM C 1064/ C 1064M The tenperature
shall be reported along with the conpressive strength data.

f. Strength Specinmens. At |east one set of test specinmens shall be
made, for conpressive or flexural strength as appropriate, on each
different concrete mxture placed during the day for each 500
cubic yards or portion thereof of that concrete m xture placed
each day. Additional sets of test specinens shall be nade, as
directed by the Contracting Oficer, when the m xture proportions
are changed or when | ow strengths have been detected. A truly
random (not haphazard) sanpling plan shall be devel oped by the
Contractor and approved by the Contracting Oficer prior to the
start of construction. The plan shall assure that sanpling is
done in a conpletely random and unbi ased manner. A set of test
speci mens for concrete with a 28-day specified strength per
par agraph Strength Requirenments in PART 1 shall consist of four
specinens, two to be tested at 7 days and two at 28 days. A set
of test specinens for concrete with a 90-day strength per the sane
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par agraph shall consist of six specinens, two tested at 7 days,
two at 28 days, and two at 90 days. Test specinmens shall be

nmol ded and cured in accordance with ASTM C 31/C 31M and tested in
accordance with ASTM C 39/C 39M for test cylinders and ASTM C 78
for test beans. Results of all strength tests shall be reported
i Mmediately to the Contracting Oficer. Quality control charts
shal |l be kept for individual strength "tests", ("test" as defined
i n paragraph Strength Requirements in PART 1) noving average of
last 3 "tests" for strength, and noving average for range for the
last 3 "tests" for each mixture. The charts shall be simlar to
those found in ACI 214. 3R

3.17.6 I nspection Before Placing

Foundati ons, construction joints, forms, and enbedded itens shall be
i nspected by the Contractor in sufficient tine prior to each
concrete placenent in order to certify to the Contracting O ficer
that they are ready to receive concrete. The results of each

i nspection shall be reported in witing.

3.17.7 Pl aci ng

The placing foreman shall supervise placing operations, shal
determine that the correct quality of concrete or grout is placed in
each location as specified and as directed by the Contracting

O ficer, and shall be responsible for nmeasuring and recording
concrete tenperatures and anbi ent tenperature hourly during placing
operations, weather conditions, time of placenent, volune placed,
and nmet hod of placenent. The placing forenman shall not pernit

bat ching and placing to begin until it has been verified that an
adequat e nunber of vibrators in working order and wi th conpetent
operators are available. Placing shall not be continued if any pile
of concrete is inadequately consolidated. |f any batch of concrete
fails to neet the tenperature requirenments, inmediate steps shall be
taken to inprove tenperature controls.

3.17.8 Vi brators

The frequency and anplitude of each vibrator shall be determined in
accordance with COE CRD-C 521 prior to initial use and at |east once
a month when concrete is being placed. Additional tests shall be
made as directed when a vibrator does not appear to be adequately
consol idating the concrete. The frequency shall be deternined while
the vibrator is operating in concrete with the tachoneter being held
agai nst the upper end of the vibrator head whil e al nost subnerged
and just before the vibrator is withdrawn fromthe concrete. The
anplitude shall be determined with the head vibrating in air. Two
measurenments shall be taken, one near the tip and another near the
upper end of the vibrator head, and these results averaged. The
make, nodel, type, and size of the vibrator and frequency and
anplitude results shall be reported in witing. Any vibrator not
neeting the requirenents of paragraph Consolidation, shall be

i medi ately renoved from service and repaired or replaced.

3.17.9 Curing I nspection
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a.

3.17.10

Mbi st Curing Inspections. At |least once each shift, and not |ess
than twi ce per day on both work and non-work days, an inspection
shall be nade of all areas subject to noist curing. The surface
noi sture condition shall be noted and recorded.

Moi st Curing Corrective Action. Wen a daily inspection report
lists an area of inadequate curing, inmediate corrective action
shall be taken, and the required curing period for those areas

shal | be extended by 1 day.

Menbrane Curing Inspection. No curing conpound shall be applied
until the Contractor has verified that the conpound is properly
nm xed and ready for spraying. At the end of each operation, the
Contractor shall estimate the quantity of compound used by
nmeasur enent of the container and the area of concrete surface
covered, shall conpute the rate of coverage in square feet per
gallon, and shall note whether or not coverage is uniform

Menmbrane Curing Corrective Action. \Wen the coverage rate of the
curing conpound is |less than that specified or when the coverage
is not uniform the entire surface shall be sprayed agai n.

Sheet Curing Inspection. At |least once each shift and once per
day on non-work days, an inspection shall be made of all areas
bei ng cured using inpervious sheets. The condition of the
covering and the tightness of the laps and tapes shall be noted
and recorded.

Sheet Curing Corrective Action. Wen a daily inspection report
lists any tears, holes, or laps or joints that are not conpletely
closed, the tears and holes shall pronptly be repaired or the
sheets replaced, the joints closed, and the required curing period
for those areas shall be extended by 1 day.

Col d- Weat her Protection

At | east once each shift and once per day on non-work days, an
i nspection shall be nmade of all areas subject to col d-weat her
protection. Any deficiencies shall be noted, corrected, and
reported.

3.17.11

a.

M xer Uniformty

Stationary Mxers. Prior to the start of concrete placing and
once every 6 nonths when concrete is being placed, or once for
every 75,000 cubic yards of concrete placed, whichever results in
the shortest tine interval, uniformty of concrete mxing shall be
determined in accordance with ASTM C 94/ C 94M

Truck Mxers. Prior to the start of concrete placing and at | east
once every 6 nonths when concrete is being placed, uniformty of
concrete mxing shall be determ ned in accordance with ASTM C 94/C
94M  The truck mxers shall be selected randomy for testing.
When satisfactory performance is found in one truck mxer, the
performance of m xers of substantially the same design and
condition of the blades may be regarded as satisfactory.

M xer Unifornmity Corrective Action. Wen a mxer fails to neet
m xer uniformty requirenents, either the mxing tine shall be
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i ncreased, batchi ng sequence changed, batch size reduced, or
adjustnments shall be nmade to the nmixer until conpliance is
achi eved.

3.17.12 Reports

Al results of tests or inspections conducted shall be reported
informally as they are conpleted and in witing daily. A weekly
report shall be prepared for the updating of control charts covering
the entire period fromthe start of the construction season through
the current week. During periods of col d-weather protection,
reports of pertinent tenperatures shall be nmade daily. These

requi rements do not relieve the Contractor of the obligation to
report certain failures inmediately as required in preceding

par agraphs. Such reports of failures and the action taken shall be
confirmed in witing in the routine reports. The Contracting
Oficer has the right to examne all contractor quality contro
records.

-- End of Section --
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SECTION 16010 ELECTRICAL

PART 1: GENERAL

1.01 SCOPE OF WORK

A.

This division includes the provisions for all material, labor, tools, equipment, testing
and services necessary to provide a complete and operable electrical system.

The provisions of this section shall apply to all electrical items specified in the
various sections of Division 16, Electrical, except where otherwise specified or
shown in the Contract Documents. Detailed requirements for specific electrical
items are specified in other sections but are subject to the general requirements of
this section.

The Contractor shall install, ready for use, the electrical system as specified herein
and shown on the Contract drawings. Furnish all required labor, materials, project
equipment, tools, construction equipment, safety equipment, transportation, test
equipment, incidentals and services to provide a complete and operational electrical
system as shown on the accompanying drawings, included in these Specifications, or
necessary for fully operating facility. See Section 16940 for “Instrumentation Index”
for this project.

This document describes the function and operation of the system and particular
components, but does not necessarily describe all necessary devices. All components
and devices shall be furnished and installed as necessary to provide a complete
operable and reliable system for accomplishing the functions and meeting the
performance set forth hereinafter.

Examine the specification and drawings for mechanical equipment and provide all
starters, circuit breakers, switches, pushbuttons and appurtenances which are not
specified to be with the mechanical equipment. Erect all electrical equipment not
definitely stated to be erected by others, furnish and install conduit, wire and cable
and make connections required to place all equipment in complete operation.

The major components in the scope of work shown on the Contract drawings which
includes both the furnishing and installation are:

1. Utility Metering with Main Disconnect.

2. Motor Control Center (MCC):

0212a-16010.doc

a. Motor controls with solid state starters.
b. Control Panel.
c. Panelboard and transformer.
d. Miscellaneous equipment as shown on Contract Drawings.
3. Instrumentation with coordinated mounting supports.
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10.

1.

Programmable Logic Controller (PLC) and Operator Interface (OI) is used
for controlling the pumps and other miscellaneous devices at the Station. The
Contractor is to provide all configuration, programming and setup of the PLC
and OL.

Conduits, grounding system and the field interconnection wiring between the
instruments, field devices, and electrical enclosures and mechanical
equipment as required for a functional system.

All necessary hardware, connectors, fittings, and devices to connect the
designated equipment and wiring.

All necessary instrument supports, piping and valves to complete installation
of any of the instruments listed herein.

All necessary miscellaneous shut off, sample and calibration valves to
Sensors.

Trenching, backfilling, compaction and resurfacing for all new underground
conduit routes, concrete pads, and pull boxes.

Coordination and equipment for new utility power services per Ultility
engineered drawings.

Site electrical devices, lights and receptacles.

All electrical equipment and materials, including installation and testing, shall
conform to the applicable codes and standards listed in this and other Sections. All
electrical work shall conform to the National Electric Code (NEC) 4999 2002 issue,
Institute of Electrical and Electronic Engineers (IEEE), and Underwriters
Laboratories Inc (UL). Nothing on the Drawings or in the Specifications shall be
construed to permit methods or materials not conforming to these codes and
standards.

1.02 RELATED WORK IN OTHER SECTIONS

A.

The following are covered in other sections in the Contract documents and are part of
Division 16.

NSRRI

Section 16110 — Conduit, Devices, Boxes & Grounding.
Section 16120 — Wire, Fuses & Terminal Blocks.
Section 16470 — Panelboard and Power Transformer.
Section 16480 — Motor Control Center.

Section 16482 — Solid State Soft Starter.

Section 16600 — Factory and Field Testing.

Section 16905 — Control Panel.

Section 16910 — PLC & OI Hardware.

Section 16915 — PLC & OI Applications Programming.

0212a-16010.doc
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10. Section 16940 — Instrumentation.

B. Provide an electrical system that interfaces work performed under other
Mechanical, Electrical and Equipment Sections of these Specifications.

C. The contents of this section apply to all "electrical and instrumentation" equipment
suppliers and manufacturers doing work listed in following sections:

1. Division 11 - Equipment.
2. Division 13 - Special Construction.
3. Division 15 - Mechanical.

1.03 QUALIFICATIONS
A. Electrical Contractor

1. It is the intent of this Division that the complete responsibility for
management and installation of the electrical and instrumentation required
for this project be by the Electrical Contractor. This responsibility includes,
but not limited to, supervision and coordination of work performed by all
suppliers of Division 16.

2. General Contractor shall disclose the proposed Electrical Contractor with bid
documents that he intends to use on this project.

3. If the Electrical Contractor, General Contractor or System supplier listed in
bid documents are deemed not qualified by Owner Government, they will
have their bid rejected at the Owner Government’s sole discretion and the
next qualified bidder selected.

4. The Electrical Contractor shall meet the following minimum qualifications:

a. Has regularly engaged in similar electrical contracting for the
Municipal Water and Wastewater Industry.

b. Has successfully performed work of similar or greater complexity on
at least two previous projects under the present company name.

c. Has been actively engaged in the type of electrical and
instrumentation work specified in this Division for a minimum of two
years.

d. Has a current C-10 Electrical Contractor’s License.

B. System Supplier/Integrator

1. It is the intent of the Owner Government to secure the highest quality of
work for this project. The Suppliers listed below have been determined to
meet minimum qualifications specified in this Division and are pre-
qualified by the Owner Government for providing supplier bids as system
suppliers on the project. Other suppliers may submit to Owner

RD784 Pump Station #2 Electrical Specifications
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Government prior to bid opening a statement of qualification listing
relevant experience on similar projects completed. The Owner
Government will list additional prequalified suppliers in an addendum
prior to bid opening.

a. Tesco Controls, Inc. (916) 395-8800
b. Krug-Bixby-Long Associates (KBL) (510) 887-1117
C. Meyer Control Corporation (MCC), (707) 449-0341
d Control Manufacturing Company (CMC)  (707) 258-8400

2. It is the intent of this specification that complete responsibility of the control
system required for this project be supplied by a single System Supplier. This
responsibility includes, but not limited to, all work necessary to select,
furnish, construct, supervise installation, calibrate, test, and place into
operation all transmitters, instruments, programmable controllers, motor
controls, alarm equipment, communications, monitoring equipment, and
accessories as specified herein.

3. The system supplier shall have an on staff a project engineer with prior
experience on similar sized projects. This project shall coordinate the
technical aspects of this project and prepare the submittals and drawings. The
system supplier project engineer shall attend all coordination meetings when
specifically requested by the Engineer Contracting Officer or Owner

Government.
4. The system supplier shall meet the following minimum qualifications:

a. Has regularly engaged in similar systems for the Municipal Water
and Wastewater Industry.

b. Has successfully performed work of similar or greater complexity on
at least five previous projects under the present company name.

C. Has been actively engaged in the type of PLCs and instrumentation
work specified in this Division for a minimum of five years.

d. Employs personnel on this project who have successfully completed
ISA or equal training courses on general purpose instrumentation.

e. Has a permanent, fully staffed and equipped service facility within

150 miles of the project site for a minimum of 1 year prior to bid date
with personnel and equipment required to maintain, repair and
calibrate the instrumentation system.

1.04 CONTRACT DOCUMENTS

A. The Contract drawings and specifications are intended to be descriptive of the type of
electrical system to be provided; any error or omissions of detail in either shall not
relieve the Contractor from the obligations thereunder to install in correct in detail
any and all materials necessary for a complete operational system, at no additional
cost.
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B. Contract drawings are diagrammatic and indicate general arrangement of systems
and equipment, except when specifically dimensioned or detailed. Exact
locations of electrical products shall be verified in the field with the Engineer
Contracting Olfficer. Field measurements take precedence over dimensioned
drawings. Intent is to show size, capacity, approximate location, direction and
general relationship of equipment of area shown but not exact detail or
arrangement. The requirements or descriptions in the drawings shall take
precedence in the event of conflict.

C. Location at facilities of equipment, inserts, motors, anchors, panels, pull boxes,
manholes, conduits, stub-ups, lighting fixtures, power outlets and fittings for the
electrical system are to be determined by the Contractor and Engineer Contracting
Officer at time of installation. Contractor shall make minor adjustments to locations
of electrical equipment as required by conditions or in coordination with other trades
at no additional cost.

D. The Contractor shall examine the architectural, mechanical, structural, and electrical
and instrumentation equipment provided under other specifications sections in order
to determine the exact routing and final terminations for all conduits and cables. The
exact locations and routing of cables and conduits shall be governed by structural
conditions, physical interferences, and the physical location of wire terminations on
equipment. Conduits shall be stubbed up as near as possible to equipment electrical
terminals. If the Contractor installs equipment conflicting with the architectural,
mechanical, structural, instrumentation or electrical equipment provided under this
and other specifications sections, the Contractor shall replace without additional cost
to the Owner Government.

E. All equipment shall be installed and located so that it can be readily accessed for
operation and maintenance. The Engineer Contracting Officer reserves the right to
require minor changes in location of equipment, without incurring any additional
costs.

F. Where conduits are shown on the Contract drawings, or stated to be furnished but not
explicitly shown, as part of the scope of work; the Contractor shall provide all
fittings, boxes, wiring, etc. as required for completion of the raceway system in
compliance with the NEC and the applicable specifications in this Section.

G. No changes from the Contract drawings or specifications shall be made without
written approval of the Engineer Contracting Officer. Should there be a need to
deviate from the Contract documents, submit written details and reasons for all
changes to the Engineer Contracting Officer for favorable review.

H. The resolution of conflicting interpretation of the Contract documents shall be as
determined by the Engineer Contracting Officer.

L. The Contractor shall maintain a neatly and accurately marked full size set of Contract
Drawings recording the as built locations and layout of all electrical and
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instrumentation equipment, routing of raceways, junction and pull boxes, and other
diagram or drawing changes. Drawings shall be kept current weekly, with all
"change orders", submittal modifications, and construction changes shown. Drawings
shall be subject to the inspection by the Engineer Contracting Officer at all times,
progress payments or portions thereof may be withheld if drawings are not accurate
or current.

When documents are changed, they shall be marked with erasable colored pencils
using the following coloring scheme:

Additions - red
Deletions - green
Comments - blue
Dimensions - black

Prior to acceptance of the work, the Contractor shall deliver to the Engineer
Contracting Olfficer one set of record full size drawings neatly marked accurately
showing the information required above.

1.05 COORDINATION

A.

The Contractor shall coordinate the electrical work with the other trades, code
authorities, utilities, and the Engineer Contracting Officer; with due regard to their
work, towards promotion of a rapid completion of the project. If any cooperative
work must be altered due to lack of proper supervision of such, or failure to make
proper provisions, then the Contractor shall bear expense of such changes as
necessary to be made in work of others.

Manufacturer's directions and instructions shall be followed in all cases where such
is not shown on the Contract Drawings or herein specified.

Coordinate all work with the serving Power Utility, Pacific Gas & Electric (PG&E)
for the work shown on Contract Drawings. The Contractor shall obtain the required
inspections.

1. Submit to the power Ultility the proposed metering details. Provide a written
statement from the Utility that shows approval of proposed metering.

2. All work associated with material and installation for the Utility power
service not paid by the Ultility shall be borne by the Contractor. The
Contractor shall provide and install all material, conduits, wiring, pull ropes,
pole risers, transformer pads, bollards, etc. as shown on Utility engineered
drawings or standards for new power service.

3. All fees and charges of the Utility power for service hook-up will be paid by

the Owner Government.
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Coordinate all work with the serving Telephone Ultility for the new telephone
service.

1. Provide all the equipment and materials not provided by the telephone Utility
Company for permanent service at the locations shown on the Contract
Drawings. All work shall meet the requirements of the serving telephone
Utility Company.

2. Coordinate all work with the serving telephone Utility, obtain the required
inspections, and notify the respective Utility Company when service is
required.

3. All fees and charges associated with the new telephone service will be paid
by the Owner Government.

Following award of Contract, schedule all service installations and connections with
utilities. Construction or start-up delays as a consequence to lack of documented
effort by the Contractor which delay the project completion due to lack of Utility
services will not be considered valid and Contract liquidated damages will be
assessed.

The Contractor shall cease work at any particular point and temporarily transfer his
operations to other portions of work as directed by the Owner Government, when in
the judgment of the Owner Government it is necessary to do so.

Prior to commencing construction, the Electrical Contractor shall arrange a
conference with the Owner Government as well as all equipment and system
suppliers vital to the current phase of work. During the meeting, the equipment
supplier shall verify types, sizes, locations, installation requirements, controls and
diagrams of all equipment furnished. The equipment supplier shall inform the
Engineer Contracting Officer in writing that all phases of coordination of this
equipment have been covered. If there are any additional issues or coordination
requiring Engineer Contracting Officer attention, they shall be identified within the
letter at this time. If the supplier does not complete this coordination, then the
equipment supplier and Contractor shall assume full responsibility for coordination
and costs of equipment installation.

Where connections must be made to existing or new operational facilities, the
Contractor shall schedule all the required work with Owner Government, including
the power shutdown period. Carry out each shutdown so as to cause the least
disruption to the operation of the installation.

1. The Contractor shall limit all unscheduled shutdown periods to less than 15
minutes and only with prior approval of the Station operator.
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2. Carry out shut downs of durations greater than 15 minutes only after the time
and date schedule and sequence of work proposed to be accomplished during
shutdown has been favorably reviewed by the Owner Government. Submit
shutdown plans at least 2 days in advance of when the scheduled shutdown is
to occur.

3. The Owner Government reserves the right to delay, change, or modify any
scheduled shutdown at any time, at no additional cost to the Owner
Government, when the risk of such a shutdown would jeopardize the
operation of the water distribution system and/or water plant operation.

1.06 SUPERVISION

A.

The Contractor shall schedule all activities, manage all technical aspects of the
project, coordinate submittals and drawings, and attend all project meetings
associated with this Section.

The Contractor shall supervise all work in this Section, including the electrical
system general construction work, from the beginning to completion and final
acceptance.

The Contractor shall supervise and coordinate all work in this Section to insure each
phase of the project, submittal, delivery, installation, and acceptance testing, etc. is
completed within the allowable scheduled time frames.

The Contractor shall be responsible for obtaining, preparing, completing, and
furnishing all paper work for this Section; which shall include transmittals,
submittals, forms, documents, manuals, instructions, and procedures.

1.07 INSPECTIONS

A.

All work or materials covered by the Contract documents shall be subject to
inspection at any and all times by the Owner Government. If any material does not
conform to the Contract documents, or does not have a favorably reviewed submittal
status; then the Contractor shall, within three days after being notified by the Owner
Government, remove said material from the premises; and if said material has been
installed, the entire expense of removing and replacing same, including any cutting
and patching that may be necessary, shall be borne by the Contractor.

The Engineer Contracting Officer may inspect and test the fabricated equipment at
the factory before shipment to job site. See Section 16600 for requirements.

Work shall not be closed in or covered over before inspection and approval by the
Engineer Contracting Officer. All costs associated with uncovering and making
repairs where non-inspected work has been performed shall be borne by the
Contractor.
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D. The Contractor shall cooperate with the Engineer Contracting Officer and provide
assistance at all times for the inspection of the electrical system under this Contract.
The Contractor shall remove covers, provide access, operate equipment, and perform
other reasonable work which, in the opinion of the Engineer Contracting Olfficer,
will be necessary to determine the quality and adequacy of the work.

1.08 JOB CONDITIONS
A. Construction Power

1. The Contractor shall make all arrangements and pay the costs thereof for
temporary services required during construction of the project, such as
temporary electrical power and telephone service.

2. When required, provide all equipment, materials and wiring in accordance
with the applicable codes and regulations.

3. Upon completion of the project, remove all temporary services, equipment,
material and wiring from the site as the property of the Contractor.

B. Equipment Storage

1. The Contractor shall provide adequate protection for all equipment and
materials during shipment, storage and construction.

2. Equipment and materials shall be completely covered with two layers of
plastic and set on a pallet above grade so that they are protected from
weather, wind, dust, water, or construction operations.

3. Equipment shall not be stored outdoors without the approval of the Engineer
Contracting Officer. Where equipment is stored or installed in moist areas,
such as unheated buildings, etc., provide an acceptable means to prevent
moisture damage, such as a uniformly distributed heat source to prevent
condensation.

C. The project site is located in Northern California where outside temperatures vary
between 10 deg F. to 110 deg F. Humidity in this area will range from 10% to 100%.

1.09 SUBMITTAL AND DRAWING REQUIREMENTS

A. The Contractor shall ensure all equipment suppliers provide the submittal
documentation required in this section. Submittals shall be complete, neat, orderly,
and indexed. The Contractor shall check all submittals required under this Division
for the correct number of copies, adequate identification, correctness, and
compliance with the Contract Specifications and Drawings, and initial all copies
certifying compliance.
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B. Identify all submittals by submittal number on letter of transmittal. Submittals shall
be numbered consecutively and resubmittals shall have a letter suffix. For example:

1. Ist submittal: 1
) Ist resubmittal: 1A
3. 2nd resubmittal: 1B, etc.
C. Within calendar 45 days after contract award the Contractor shall furnish to the

Engimneer Contracting Officer six (6) sets of all submittals required for this Division
except for training documents and test procedures.

D. Normally, the Engineer Contracting Officer will review and return two (2) copies of
the submittals within 44 30 calendar days after receipt, exclusive of any time
awaiting clarification or further information.

E. The reviewed submittals will be annotated "Make Corrections Noted", "No
Exceptions Noted", "Revise and Resubmit Noted Items", or "Rejected without
Review". The following actions shall then be taken by the Contractor:

1. "No Exceptions Noted" - The Contractor may proceed with the work covered
in this submittal. No resubmission is necessary.

2. “Make Corrections Noted” - The Contractor may proceed with the work
covered in this submittal incorporating the changes noted. However, the
Contractor shall revise the submittal in accord with the changes noted and
resubmit six (6) copies of drawings, bill of materials, and catalog data
denoting changes within 14 calendar days when requested by the Engineer
Contracting Officer for record keeping purposes.

3. "Revise and Resubmit Noted Items" - The Contractor shall not proceed with
the work covered in this submittal. The Contractor shall revise and correct
the submittal in accordance with the comments and resubmit six (6) copies
within 14 calendar days for approval.

4. "Rejected without Review" submittal - The Contractor shall not proceed with
the work covered in this submittal. The Contractor shall revise and correct
the submittal in accordance with the specifications, and resubmit six (6)
copies within calendar +4-days 30 Days for approval.

F. Resubmittals shall address all comments by the Engineer Contracting Olfficer.
Partial resubmittals may be returned without review at the discretion of the Engineer
Contracting Officer. The Contractor shall be responsible for the Engineer
Contracting Officer 's review cost for each resubmittal in excess of the second
resubmittal. These costs will be back-charged to the Contractor and will be deducted
from his progress payments.
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The Contractor shall coordinate submittals with the work so that project will not be
delayed. This coordination shall include scheduling the different categories of
submittals, so that one will not be delayed for lack of coordination with another.
Time extensions will be allowed because of failure to properly schedule submittals.

No material or equipment shall be delivered to the job site until the submittal for
such items has been reviewed by the Ergineer Contracting Officer and marked "no
exceptions noted" or "make corrections noted".

The Contractor shall coordinate submittal with the work so that project will not be
delayed. This coordination shall include scheduling the different categories of
submittal, so that one will not be delayed for lack of coordination with another.

The equipment specifications have been prepared on the basis of the equipment first
named in the Specifications. The Contractor shall note that the second named
equipment, if given, is considered acceptable and equal equipment, but in some cases
additional design, options, or modifications may be required to meet Specifications
all at no additional cost to the Owner Government.

The decision of the Engineer Contracting Olfficer governs what is acceptable as a
substitution. If the Engineer Contracting Officer considers it necessary, tests to
determine equality of the proposed substitution shall be made, at the Contractor's
expense, by an unbiased laboratory that is satisfactory to the Engineer Contracting

Officer.

Each submittal shall be bound in a three ring binder, which is sized such that when
all material is inserted the binder is not over 3/4 full. Binder construction shall allow
easy removal of any page without complete manual disassembly; spiral ring type
binders are not acceptable.

1. Each binder shall be appropriately labeled on the outside spine & front cover
with the project name, contract number, equipment supplier's name,
specification section(s), and major material contained therein.

2. An index shall be provided at the inside of the front cover. This index shall
itemize the contents of each tab and subtab section. Also list the project
name, contract number and equipments supplier's name, address, phone
number, and contact person on the index page.

3. Field equipment shop documents, panel equipment shop documents,
drawings, and bill of materials shall be grouped under separate tabs. Shop
documents shall be ordered in the same sequence as their corresponding
Contract specification subsection.

4. All spare parts shall be listed separately at the end of the Bill of Materials
list.
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5. Data summary sheets shall be provided to subtab all shop documents for each
individual piece of instrumentation. Data summary sheets shall be bright
yellow or blue for easy identification.

The data summary sheets shall have the following information preceding their
corresponding shop documents:

a. Instrumentation type and tag name as used on the Contract Drawings
or schedules.

b. Location/description of assembly at which it is installed.

c. The manufacturer's model number, part number or other designation.
This shall include the specific numbers of all proposed options.

d. Range, span, engineering units, input and output characteristics.

e. Description of component as it relates to the model number. For each
portion of the model number the associated description shall be
shown.

f. Contract specification subsection number.

6. Drawings may be bound in separate 11 x 17 binder or included with the 8.5 x

11 binder if folded such that the title block is visible with drawing folded.
Drawings that are "C" or "D" size are not allowed.

The electrical submittals shall include but not be limited to data sheets and
drawings for each product together with the technical bulletin or brochure. The
electrical submittals shall include (as a minimum):

1. Table of Contents

2. Comment Letter: The Project Engineer Contracting Officer of the System
Supplier shall note all deviations from Contract Documents and the
reason(s) for the deviation. He may use this forum to inform the Engineer
Contracting Officer or installing Contractor of important information
related to the project. RFIs must be submitted separately.

3. Bill of Materials: The Contractor and System supplier each shall provide
Bill of Material for electrical components formatted as shown in Section
16600 Appendix "A". Generic names or part numbers as defined by a
distributor or Integrator are not acceptable. Only the originating
manufacturer’s name and part number shall be listed.

4. Shop Drawings:

a. Equipment elevations with enclosure details drawn to scale.
b. Electrical One-line and Elementary diagrams

c. Computer I/O diagrams.
d. Interconnection diagrams
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Manufacturer’s description or equipment features
Physical size and mounting details

Range and/or calibration

Input/output signal characteristics

Requirements for electric power, air, and/or water supply
Options selected and available

Materials of construction of components

S E@ e A

6. Program Software Documentation

a. Programming hardcopy
b. Programming disk copy

Deviations from the Contract documents shall not be incorporated into the work
without prior written approval of the Engineer Contracting Officer. A "Change
Order" directive from the Engineer Contracting Olfficer is required prior to
incorporating any deviation from the Contract documents that has costs associated.
The cost differential associated with this change order must be negotiated with the
Engieer Contracting Olfficer to amend the Contract to reflect the costs or savings.

Exceptions to the Specifications or Drawings or equipment or procedures submitted
as “equal” to specified equipment shall be clearly identified by the equipment
supplier in a letter at the front of the submittal. Submittal data for “equal” equipment
or procedures shall contain sufficient details so a proper evaluation may be made by
the Engineer Contracting Officer. The Contractor is responsible for verifying
proper application/operation of substituted equipment.

All shop and interconnect drawings shall be generated with a computer utilizing the
AutoCAD 14 or later drafting package. Standard preprinted drawings simply marked
to indicate applicability to the Contract will not be acceptable. Drawings shall be
prepared in a professional manner and shall have borders and a title block identifying
the project, system, drawing number, AutoCAD file name, project engineer, date,
revisions, and type of drawing. Drawings shall be no smaller than 11" x 17" and
printed with a laser jet printer or plotted in ink white paper. The lettering shall be
legible and no smaller than 0.075 inch in height.

1. The Contractor shall submit for approval the proposed drawing format for
each type of drawing or diagram specified. The Contractor shall not go
into production with the drawings or diagrams for this project until the
Engineer Contracting Olfficer has given written approval of the submitted
proposed drawing format submittal.

2. Shop drawings shall be provided with minimum drafting details as
illustrated on the Contract electrical drawings. Diagrams shall carry a
uniform and coordinated set of wire colors, wire numbers, and terminal
block numbers.

0212a-16010.doc

RD784 Pump Station #2 Electrical Specifications
16010-13 Electrical



Shop Drawings - Shop drawings shall be furnished for each electrical panel even if
one was not shown explicitly on the Contract drawings. Each shop drawing shall
include the following as a minimum:

1.

Electrical one line diagrams detailing all devices associated with the power
distribution system.

Detailed analog and digital I/O diagrams showing the wiring requirements
for each instrument or device connection. Reference the Contract Drawings
for an example of each I/O card drawing requirements. If one is not included
in the Contract Drawings, then one may be obtained from the Engineer
Contracting Officer upon request.

Elementary diagrams shall be provided for all relay logic, power supplies,
and other wiring not shown on the loop diagrams. All elementary diagrams
shall be drawn in JIC EMP/EGP format and standards. Show rung number,
coil and contact cross references on all drawings.

Enclosure layout diagrams; show all front panel and backpan devices drawn
to scale. Show fabrication methods and details; including material of
construction, paint color, support & latching mechanisms, fans & ventilation
system, and conduit entrance areas.

Submit full size drawing of all nameplates and tags to be used on the project.
The Engineer Contracting Officer has the right to adjust nameplate engraving
titles during submittals at no additional cost to the Owner Government.
Submittal to include the following:

Dimensions of nameplate.

Exact lettering and font for each nameplate.

Color of nameplate.

Color of lettering.

Materials of construction.

Method and materials for attachment.

Drawing showing location of nameplate on each panel.

@ e o o
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PART 2: PRODUCTS

2.01

A.

2.02

QUALITY

It is the intent of the Contract specifications and drawings to secure the highest quality in all
materials and equipment in order to facilitate operation and maintenance of the facility. All
equipment and materials shall be new and the products of reputable suppliers having
adequate experience in the manufacture of these particular items. For uniformity, only one
manufacturer will be accepted for each type of product.

All equipment shall be designed for the service intended and shall be of rugged construction,
of ample strength for all stresses which may occur during fabrication, transportation,
erection, and continuous or intermittent operation. All equipment shall be adequately stayed
and braced and anchored and shall be installed in a neat and workmanlike manner.
Appearance and safety, as well as utility, shall be given consideration in the design of
details. All components and devices installed shall be standard items of industrial grade,
unless otherwise noted, and shall be of sturdy and durable construction suitable for long,
trouble free service. Light duty, fragile and competitive grade devices of questionable
durability shall not be used.

Products that are specified by manufacturer, trade name or catalog number established a
standard of quality and do not prohibit the use of equal products of other manufacturers
provided they are favorably reviewed by the Engineer Contracting Officer prior to
installation.

Underwriters Laboratories (UL) listing is required for all substituted equipment when such a
listing is available for the first named equipment.

When required by the Contract Specifications or requested by the Engineer Contracting
Officer, the Contractor shall submit equipment or material samples for test or evaluation. The
samples shall be furnished with information as to their source and prepared in such quantities
and sizes as may be required for proper examination and tests, with all freight and charges
prepaid. All samples shall be submitted before shipment of the equipment or material to the
job site and in ample time to permit the making of proper tests, analyses, examinations,
rejections, and resubmissions before incorporated into the work.

NAMEPLATES & TAGS

Equipment exterior nameplates - Nameplate material shall be rigid laminated black plastic
with beveled edges and white lettering; except for caution, warning, and danger nameplates
the color shall be red with white lettering. The size of the nameplate shall be as shown on the
drawings. No letters are allowed smaller than 3/16". All nameplates located outdoors shall
be UV resistant. Securely fasten nameplates in place using two stainless steel screws if the
nameplate is not an integral part of the device. Epoxy cement or glued on nameplates will
not be acceptable. Engrave the nameplates with the inscriptions as approved by the Engineer
Contracting Officer in the submittal.
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2.03

1. For each major piece of electrical equipment provide a manufacturer's nameplate
showing the Contract specified name and number designation, and pertinent ratings
such as voltage, # of phases, ratings, etc.

2. For each device with a specific identity (pushbutton, indicator, instrument, etc.)
mounted on the exterior or deadfront of a piece of equipment provide a nameplate
with the inscription as shown in the Contract documents.

3. Where no inscription is indicated in the Contract documents, furnish nameplates with
an appropriate inscription providing the name and number of device.

Equipment Interior Nameplates - Nameplate material shall be clear plastic with black
machine printed lettering as produced by a KROY or similar machine; except caution,
warning, and danger nameplates shall have red lettering. The size of the nameplate tape
shall be no smaller than 1/2” in height with 3/8" lettering unless otherwise approved by the
Engineer Contracting Officer. Securely fasten nameplates in place on a clean surface using
the adhesion of the tape. For each device with a specific identity (relay, module, power
supply, fuse, terminal block, etc.) mounted in the interior of a piece of equipment provide a
nameplate with the inscription as shown in the Contract documents. Where no inscription is
indicated in the Contract documents, furnish nameplates with an appropriate inscription
providing the name and number of device used on the submittal drawings. Stamp the
nameplates with the inscriptions as approved by the Engineer Contracting Officer in the
submittal.

Equipment Tags - When there is no space or it is impractical to attach an engraved plastic
nameplate with screws, as is the case with most field devices and instruments, the Contractor
shall attach a tag to the equipment with the same inscriptions as specified above in paragraph
A. The tag shall be made from stainless steel material and the size of the nameplate shall be
no smaller than 3/8"h x 2"w with 3/16" machine printed or engraved lettering unless
otherwise approved by the Engineer Contracting Officer. The tag shall be attached to the
equipment with stainless steel wire of the type normally used for this purpose.

COMPONENTS
A. SWITCHES AND PUSHBUTTONS

1. Switches (HS) and pushbuttons (HC) for general purpose applications shall
be water and oil tight as defined by NEMA 4X, corrosion resistant as defined
by NEMA ICS 6-110.58, U.L. listed, standard 30 mm diameter, with plastic
holding nut.

2. Switches and pushbuttons shall have contacts rated NEMA A600 or 10
amperes continuous and 600 VAC. Provide NO and NC contacts as required.

3. Engraved black legend plates shall be provided to define each switch and
pushbutton function.
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4. Selector switch handles and pushbutton caps shall be black unless otherwise
noted on drawing. Lock-out stop caps shall be red.

5. Selector switches for hand-off-auto (HOA) applications shall have the hand
position to the left, off in center, and auto in the right position.

6. Pushbuttons and selector switches in hazardous locations shall have
hermetically sealed contacts or explosion proof enclosures.

7. Lockout stop pushbuttons shall include padlocking attachment. Pushbutton
type shall be coordinated with padlock attachment type.

8. Switches and pushbuttons shall be Allen-Bradley 800H, or approved equal.

INDICATING LIGHTS

1. Indicating Lights for general purpose applications shall be NEMA 4X,
corrosion resistant as defined by NEMA ICS 6-110.58, U.L. listed, 30 mm
diameter, with plastic lens, plastic holding nut, and miniature bayonet lamp
base.

2. Lamp shall be full voltage 120 VAC with 28 chip (min) High Intensity LED.

3. Indicating lights shall have contacts rated NEMA A600 or 10 amperes
continuous and 600 VAC. Provide NO and NC contacts as required.

4. Engraved black legend plates shall be provided to define each lights function.
5. Indicating light type and color of lens shall be as shown on the Drawings or
specified in the Contract documents. Lamp color shall be as follows:

a.  Open/On Green
b.  Closed/Off Red
c. Alarm Amber
d.  Power On White
6. Indicating lights designated "PTT" on wiring diagram or shown with push-to-
test wiring shall be provided with a push-to-test switch and wiring.
7. Indication lights shall be Allen-Bradley 800H, or approved equal.
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C. RELAYS AND TIMERS

1. General: Relays and timers shall be provided with N.O. or N.C. contacts as
shown on the Contract drawings. All spare contacts shown shall be provided.
Contacts shall be rated 10 amps minimum at 120 VAC, 60 Hz unless
otherwise shown on the Contract drawings. Coil voltage shall be 120 VAC
unless otherwise described or shown on the Contract drawings. Relays and
timers shall be designed for continuous duty. All relays shall be U.L. listed.
All relays and sockets shall be the product of a single manufacturer. The
following is a summary of abbreviations associated with relays and timers:

CR — Control relay

TR — Timing relay

TDOE - Time delay on energization
TDOD - Time delay on de-energization

2. Sockets for plug-in relays and timers shall be standard industrial type din rail
mount with barrier type pressure plate screw terminals. Sockets shall be
rated 300 VAC, 10 amps minimum.

a. Blade 8 or 11 pin for coil voltage above 90 volts AC or DC.
b. Octal 8 or 11 pin for coil voltage below 90 volts AC or DC.

3. Control relays (CR) shall be plug-in type with neon indicating lights and
clear see-through sealed housing to exclude dust. Provide IDEC Type RR, or
approved equal. Two form-C contacts (minimum) shall be provided on each
relay.

4. Time delay relays on energization (TR-TDOE) shall be solid state plug-in
relays with adjustable timer ranges from 1 second to 10 hours selectable
unless other ranges are shown. Provide LED timer energized indicator lamp.
Time delay relays shall be IDEC RTE, or approved equal.

5. Time Delay Relays (TR-TDOD)

a. Time delay relays on de-energization (TR-TDOD) (continuous power
control input) shall be solid state plug-in relays with a timer
adjustable range from 1 second to 10 hours selectable unless other
ranges are shown. Provide LED timer energized indicator lamp.
Time delay relays shall be IDEC RTE, or approved equal.

b. Time delay relays on de-energization (TR-TDOD) (true off) shall be
solid state plug-in relays with a timer adjustable range from 1 second
to 10 minutes unless other ranges are shown. True off time delay
relays shall be IDEC GT3F-2, or approved equal.

E. CIRCUIT BREAKERS
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1. Circuit breakers shall be of the indicating type, providing ON, OFF and TRIPPED
positions of the operating handle. Circuit breakers shall be quick-make, quick-break,
with a thermal-magnetic (TM) action, except when protecting motor feeders where
motor circuit protector (MCP) breakers with adjustable magnetic trip shall be used.
Circuit breakers shall be the bolt-on type. The use of tandem or dual circuit breakers
in a normal single-pole space to provide the number of poles or spaces specified are
not acceptable. All multiple-pole circuit breakers shall be designed so that an
overload on one pole automatically causes all poles to open. Circuit breakers and
motor circuit protectors shall be manufactured by Cutler-Hammer, G.E., ITE, or
approved equal.

2. Each 480 volt circuit breaker shall have a minimum interrupting capacity of 42,000
amperes. Each 120 or 208 or 240 volt breaker shall be rated for a minimum 10,000
amperes interrupting capacity. Breakers shall be sized as shown on Drawings and as
necessary for the supplied equipment.

F. CONTROL POWER TRANSFORMER

1. Control power transformer shall be epoxy encapsulated for superior dust and
moisture protection. The internal wiring shall be copper and have 105 deg. C
insulation rating. The unit shall feature barriered screw terminals for connection to
electrical circuits. Provide with time-delay, slow-blow secondary fuse rated to
protect the transformer and interrupt 10,000 amperes at 120VAC. Two primary fuses
rated to interrupt 42,000 65,000 amperes at 480 VAC shall be provided.
Transformer minimum size and voltage ratings shall be as shown on Contract
drawings. Control power transformer shall be Micron Impervitran or approved
equal.

G. VOLTAGE MONITOR/RELAY (PFR)

1. The voltage monitor relay (PFR) shall continuously monitor the three phases for
power loss, low voltage, phase loss, and phase reversal. The time/date function shall
time stamp failures in the electrical system. The voltage monitor shall have a
drop-out voltage adjustment and fault delay adjustment from 0.1 to 15 seconds and
delay on make/break adjustment from 0.1 to 10 minutes. The unit shall have a
status/fault indicating 2 line LCD alphanumeric text display. Voltage monitor/relay
shall be 3 phase multiple function Watsco 8002 series Linebacker Phase Protector, or
approved equal.

H. SURGE SUPPRESSOR

1. The surge suppressor shall be rated for use on a 480 VAC, 3 phase WYE system.
The nominal line voltage of the surge suppressor shall be 277V L-N with a maximum
continuous line voltage of 320V L-N. The surge suppressor shall dissipate a
minimum of 80,000 amps single pulse surge current over a 8x20 usec period. The
surge suppressor shall dissipate a minimum of 2560 joules transient energy per
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phase. Provide external fusing as required by the manufacturer for proper operation.
The surge suppressor shall be Leviton 32277-DY 3, or approved equal.

2.04 DEVICES

A. SWITCHES

1.

General purpose specification grade switches shall be manufactured in accordance
with UL 20. Switches shall be one pole rated, 20 amps, at 277 VAC, 1HP at 120
VAC, 2 HP at 240 VAC. Switches shall have copper alloy contact arm with silver
cadmium oxide contacts. Switches shall have slotted terminal screws and a separate
green grounding screw. Provide Leviton 1221, or approved equal.

Special purpose switches shall be provided with the amperage, voltage, and
configuration as shown on the Drawings. Switches used as motor disconnects for
single phase motors shall be horsepower rated.

B. RECEPTACLES

1.

General purpose receptacles shall be duplex and rated 20 amps, 120 VAC, 2 pole,
3 wire grounding, NEMA 5-20R configuration, specification grade, and side
wired to screw terminals. Face color shall be ivory. General purpose receptacles
shall be specification grade Leviton 5362-1 or approved equal.

GFI (ground fault circuit interrupting) receptacles shall be used in all boxes
shown as weatherproof. GFI receptacles shall be duplex, 20A, 120V, with "test"
and "reset" buttons with shallow design for mounting and standard screw
terminals for direct wiring. “Daisy Chain” connecting multiple receptacles from
one GFI unit is not acceptable. GFI receptacles shall be Leviton 6898, or
approved equal.

2.05 UTILITY METERING SWITCHBOARD

A.

Metering Panel

1. Provide front accessible, self contained meter/main power utility metering
panel. Voltage, phase, AIC and continuous amperage rating shall be as
shown on Contract Drawings. Panel will include meter socket, factory
installed breaker(s) and test by-pass facility.

2. Design entrance features per NEC, local codes, and serving Ultility
requirements.
3. Metering enclosure shall be NEMA 3R construction for underground utility

service. Enclosure shall be manufactured from galvanized 14 ga. (min) sheet
steel. The cabinet shall be finished with ANSI 61 gray enamel paint.
Provide pad mount, surface mount or flush mount cabinet per installation
detail.
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4. Utility metering switchboard shall be Cutler Hammer Pow-R-Line, Tesco
Metering Switchboard or approved equal.

B. Switchboard

1. Switchboard shall be front accessible with group mounted, buss connected
circuit protective devices. Where provisions for future circuit protective
devices are required, space for the device, corresponding vertical buss,
device connectors and the necessary mounting hardware shall be supplied.

2. Distribution section shall meet all requirements per NEC, local codes, and as
defined in the drawings.

3. Power buss shall be copper, 3 phase, 4 wire, 480 volt, 42,600-AXC 65,000
AIC minimum (or as shown otherwise in the drawings).

4. Ground buss shall be copper and rated per NEC relative to the power bus
amperage rating.

5. Switchboard enclosure shall be NEMA rated as shown in the drawings.

6. Utility metering switchboard shall be Cutler Hammer Pow-R-Line, or

approved equal.
2.06 RADIO SYSTEM

A. RADIO MODEM

1. Unlicenced 900 Mhz spread spectrum radio for continuous communications to
multiple addresses. The radio system shall be addressable to minimize
interference from adjacent systems with different system addresses. The radio
shall utilize a DB-9 RS-232 port for communications input and SMA connector
for antenna lead connection output. The radio shall operate on DC voltage as
shown in contract drawings. The radio shall operate to full performance over a
temperature range of -30 deg C to +60 deg C. The radio shall be Data Linc SRM-
6000 with diagnostics, or approved equal.

B. ANTENNA

1. Each antenna system shall be furnished and installed complete and functional for
the intended use. An antenna system shall include but not be limited to, antenna,
antenna pole, mounting hardware, lightning arrestor, and coaxial cables with
connectors.

2. Antenna system shall be meet the following specifications:

a. Antenna shall be installed and supported as shown on the Contract
Drawings. Support members shall have sufficient strength to withstand
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local wind conditions and shall be protected from sun exposure and
weather damage.

b. Support hardware such as clamps, orientation mounts, and offset brackets
shall be steel protected with a hot dip galvanized finish or stainless steel.
Clamps and mounts shall be heavy duty in order to transfer the full
antenna load to the support tower or mast. Bolts and screws shall be
stainless steel.

c. The radio antenna shall be 9 dB gain, welded construction, vertically
polarized, directional type Yagi, VSWR 1.5:1, 50 ohm impedance, N-
female connection, Maxrad Model BMOY 8905 or approved equal.

C. TRANSMISSION CABLE

1.

Provide 50 Ohm, 2" weatherproof coaxial cable from lighting arrestor to antenna.
The coax cable shall have a corrugated outer conductor of copper, copper-clad
aluminum inner conductor with foam dielectric. The coax cable shall be jacketed
for corrosive environment and ultra-violet exposure. The coax cable shall be
capable of a minimum bending radius of 5 inches. The cable shall be installed as
one continuous length from the antenna to the lighting arrestor. Antenna cable
shall be Andrew LDF4-50A 1/2" coax cable or approved equal.

Pigtail connector. Provide low loss connection cable for connecting the Radio
antenna connection to the lightning arrestor.

A flange mount antenna lighting “N” connector arrestor shall be furnished on the
antenna coaxial transmission line. The lighting arrestor shall be grounded using to
the radio enclosure itself and directly to the ground buss by a #8 AWG or larger
bonding wire. The lightning arrestor shall be a PolyPhaser IS-50NX-C2 or equal
with flange mount.

Provide miscellaneous hardware such as grounding kits, hanger kits, and feed
through assemblies.

The cable shall be carefully installed to prevent damage to the jacket and routed
with a minimum bending radius of 8 inches.

Provide connector weatherproofing kits for outdoor exposed connectors and
grounding strap attachments. All mating connectors that are exposed to weather
shall be wrapped with a sealing material designed to protect against water and dirt
entry into the connectors.
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PART 3: EXECUTION

3.01 WORKMANSHIP

A.

B.

All work in this Section shall conform to the codes and standards outlined herein.

The Contractor shall employ personnel that are skilled and experienced in the
installation and connection of all elements, equipment, devices, instruments,
accessories, and assemblies. All installation labor shall be performed by qualified
personnel who have had experience on similar projects. Provide first class
workmanship for all installations.

Ensure that all equipment and materials fit properly in their installations.

Perform any required work to correct improper installations at no additional expense
to the Owner Government.

The Engineer Contracting Officer reserves the right to halt any work that is found to
be substandard or being installed by unqualified personnel.

Keep the premises free from accumulation of waste material or rubbish on a daily
basis. Upon completion of work, remove materials, scraps, and debris from the
premises and from the interior and exterior of all devices and equipment. Refinish
damaged surfaces to new condition using skilled craftsmen of the trades involved at
no additional cost to the Owner Government.

All equipment installed by the Contractor shall be in accordance with the Drawings
and the manufacturer's recommendations & instructions and shall operate to the
Engineer Contracting Officer's satisfaction. Follow all manufacturers’ instructions
for handling, receiving, installation, and pre-check requirements prior to
energization. After energization, follow manufacturer’s instructions for
programming, set-up and calibration of equipment. The Contractor shall be
responsible for, and shall correct by repair or replacement, at his own expense,
equipment that, in the opinion of the Engineer Contracting Officer has been caused
by faulty mechanical or electrical assembly by the Contractor. Necessary tests to
demonstrate that the electrical and mechanical operation of the equipment is
satisfactory and meets the requirements of these Specifications shall be made by the
Contractor at no additional cost to the Owner Government.

3.02 CONSTRUCTION METHODS, GENERAL

A.

All field wires and panel wires shall be per specification Section 16120 - Wire, Fuses
& Terminal Blocks.

Equipment shall be wired and piped by the manufacturer or supplier. Major field
modifications or changes are not allowed without the written "change order"
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authority by the Engineer. When field changes are made, the components, materials,
wiring, labeling, and construction methods shall be identical to that of the original
supplied equipment. Contractor's cost to replace or rework the equipment to match
original manufacturer or supplier methods shall be done at no additional cost to the
Owner Government.

Mating fittings, bulkhead fittings, plugs, connectors, etc. required to field interface to
the equipment and panels shall be provided by the supplier when the equipment is
delivered.

All electrical and instrumentation drawings associated with the equipment shall be
provided with the equipment when it is delivered to the job site. Drawings for each
piece of equipment shall be placed in clear plastic packets of sufficient strength that
will not tear or stretch from drawing removal and insertion.

3.03 EQUIPMENT FABRICATION, GENERAL

A.

Panel cutouts for devices (i.e. indicating lights, switches) shall be cut, punched, or
drilled and smoothly finished with rounded edges. Exposed metal from cutouts that
are made after the final paint finish has been applied shall be touched up with a
matching paint prior to installing device.

All doors shall be fully gasketed with nonshrinkable, water and flame resistant
material.

Bolts and screws for mounting devices on doors shall be as specified by the
manufacturer; otherwise they shall have a flush head which blends into the device or
door surface. No bolt or screw holding nuts shall be used on the external surface of
the door.

No fastening devices shall project through the outer surfaces of equipment.

Each component within the equipment shall be securely mounted on an interior
subpanel or backpan and arranged for easy servicing, such that all adjustments and
component removal can be accomplished without removing or disturbing other
components. Mounting bolts and screws shall be front located for easy access and
removal without special tools. Access behind the sub panel or backpan shall not be
required for removing any component.

A ground bus shall be provided in each enclosure or cabinet. It shall have provisions
for connecting a minimum of ten grounding conductors. Screw type lugs shall be
provided for connection of grounding conductors. All grounding conductors shall be
sized as shown on plans or in accordance with NEC Table 250-95, whichever is
larger.

Minimum wire bending space at terminals and minimum width of wiring gutters
shall comply with NEC tables 373-6 (a) & (b).
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L.

Future device and component mounting space shall be provided on the door,
backpan, and subpanel where detailed on the Drawings. Where no detail is shown,
provide a minimum of 15 percent usable future space.

Doors shall swing freely and close with proper alignment.

3.04 EQUIPMENT SHIPMENT AND STORAGE

A.

Shipment -- Any equipment whose destination (jobsite) is more than 25 miles from
the factory shall be carefully protected for shipping. All openings shall be protected
by plywood securely fastened to the framework of the equipment. Equipment shall
be adequately covered during local delivery.

Storage -- From the time of receipt until the equipment is installed and energized, the
equipment shall be considered in storage. While in storage, a 120V, 1 phase source
of power shall be made available and connected to space heaters in all items of
equipment so equipped. Equipment not provided with space heaters shall be provided
with a light bulb or electric heater while in storage to prevent moisture condensation.
Unless stored indoors, it shall be a least 1 foot above grade covered with at least 2
layers of heavy polyethylene plastic sheets and anchored to prevent damage by high
winds. All equipment shall be protected from dust and moisture prior to and during
construction. .

3.05 DAMAGED PRODUCTS

A.

Damaged products will not be accepted. All damaged products that cannot be
repaired to the satisfaction of the Owner Government shall be replaced with new
products at no additional cost to the Owner Government.

Minor cosmetic damage shall be repaired by spray painting, after properly preparing
the surface, all scratches or defects in the finish of the equipment. Only identical
paint furnished by the equipment manufacturer shall be used for such purposes.

3.06 FASTENERS

A.

B.

Fasteners for securing equipment to walls, floors, and the like shall be stainless steel.
The minimum size fastener shall be 3/8 inch diameter.

Concrete pad with stainless steel anchor bolts shall be provided for the MCC.

3.07 INSTALLATION, GENERAL

A.

Install all products per manufacturer's recommendations and the Drawings.

1. Provide all necessary hardware, conduit, wiring, fittings, and devices to
connect the electrical equipment provided under other Sections. The
following shall be done by the Contractor at no additional cost to the Owner
Government:
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2. Provide additional devices, wiring, conduits, relays, signal converters,
isolators to complete interfaces of the electrical and instrumentation system.

3. Changing normally open contacts to normally closed contacts or visa versa
4. Adding additional relays to provide more contacts as necessary.
5. All programmable devices shall be programmed, set-up and tested by the

Contractor prior to startup. Programming and set-up parameters shall be
adjusted or changed as directed by the Owner Government or Engineer
Contracting Officer during start-up and throughout the warranty period, at no
additional cost to the Owner Government.

6. Coordinate with the Owner Government and setup all alarm, process, and
operation setpoints.

7. Keep a copy of the manufacturer’s installation instructions on the jobsite
available for review at all times prior to and during the installation of the
associated equipment.

B. Panels and enclosures:

1. Install panels and enclosures at the location shown on the Plans or approved
by the Engineer Contracting Olfficer.

2. Install level and plumb.
3. Seal all enclosure openings to prevent entrance of insects and rodents.
4. Clearance about electrical equipment shall meet the minimum requirements

of 1999 2002 NEC 110.26
C. Conduits and Ducts:

1. Install all conduits and ducts per 16110 - Conduit, Devices, Boxes &
Grounding System.

D. Wiring, Grounding, and Shielding:

1. Observe proper grounding and shielding practices as this application
environment generally noisy. The shield of shielded cables shall be
terminated to ground at one end only, the origination end. The shield at the
other end shall be encased in an insulated material to isolate it from ground.

E. Cutting and Patching:

1. The Contractor shall do all cutting and patching required installing his work.
Any cutting which may impair the structure shall require prior approval by
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the Engineer Contracting Officer. Cutting and patching shall be done only
by skilled labor of the respective trades. All surfaces shall be restored to their
original condition after cutting and patching.

F. Cleaning and Touch up:

1.

At the completion of the work, all parts of the installation, including all
equipment, exposed conduit, and fittings, shall be thoroughly cleaned of
grease and metal cuttings. Any discoloration or other damage to parts of the
building, the finish, or the furnishings, due to the Contractor's failure to
properly clean the system, shall be repaired by the Contractor without cost to
the Owner Government.

The Contractor shall thoroughly clean any of his exposed work requiring
same.

Vacuum and clean the inside of all electrical and instrumentation enclosures
prior to applying power.

The Contractor shall paint scratched or blemished surfaces with the necessary
coats of quick drying paint to match existing color, texture and thickness.
This shall include all prime painted electrical equipment including but not
limited to enclosures, poles, boxes, devices etc.

3.08 OPERATING AND MAINTENANCE INSTRUCTIONS

A. At time of completion, the Contractor shall provide a period of not less than 6 hours
training for instruction of operation and maintenance personnel in the use of systems.
Instruct all personnel at one time in one session. Make necessary arrangements with
manufacturer's representative. Provide product literature and application guides for

user's reference during instruction.

B. Provide six (6) Operation and maintenance manuals bound in a three ring binder and
shall provide at least the following as a minimum.

1.

2.

A comprehensive index.

A complete "Record" set of favorably reviewed electrical submittals as
provided under subsection SUBMITTAL AND DRAWING
REQUIREMENTS illustrating all components, piping, and electrical
connections.

A complete list of the equipment supplied, including serial numbers, ranges,
catalog cuts, and pertinent data.

Full specifications on each item.
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5. Detailed service, maintenance and operation instructions for each item
supplied. Schematic diagrams of all electronic devices shall be included. A
complete parts list with stock numbers shall be provided for the components
that make up the assembly. All of these shall be originals, no copies.

6. Special maintenance requirements particular to this system shall be clearly
defined, along with special calibration and test procedures.

7. Complete listing of as-built OI and PLC setup and programming listings.

At the end of the project these manuals and drawings shall be updated to show "as-
built" conditions.

Provide two (2) sets of compact disk (CD) containing all drawings prepared for this
project in AutoCAD format, updated to reflect as-built conditions.

3.09 SPARE PARTS

A.

The Contractor shall supply all spare parts prior to start of field tests. All parts shall
be sealed in plastic bags and delivered to the site in a heavy duty plastic storage bag.
Bag shall be clearly labeled with part name & number and the corresponding
equipment tagname.

The Contractor shall make available any replacement parts that are not
manufacturer's normal stock items for immediate service and repair of all the
instrumentation equipment throughout the warranty period.

The following spare parts shall be provided to the Owner Government as part of this
Contract:

Ten (10) fuses for each type of fuse.

Ten (10) lamps for each type of light.

Two (2) relays for each type of control, and time delay relay.
One (1) power fail relay.

b NS
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3.10  WARRANTY

A. The Contractor shall have a staff of experienced personnel available to provide
service on 2 working days notice during the warranty period. Such personnel shall
be capable of fully testing and diagnosing the hardware & software and
implementing corrective measures. If the Contractor "fails to respond” in 2 working
days, the Owner Government at its option will proceed to have the warranty work
completed by other resources; the total cost for these other resources shall be
reimbursed in full by the Contractor. "Fail to respond" shall be defined as: The
Contractor has not shown a good faith effort and has not expended adequate
resources to correct the problem. The use of other resources, as stated above, shall
not change or relieve the Contractor from fulfilling the remainder of the warranty
requirements.

B. The Contractor shall warrant all electrical and instrumentation equipment & software
for a period of one (1) year from date of final acceptance. Standard published
warranties of equipment which exceed the preceding specified length of time shall be
honored by the manufacturer or supplier.

C. Prior to "final acceptance", the Contractor shall furnish to the Engineer Contracting
Officer a listing of warranty information for all manufacturers of materials and
equipment used on the project. The listing shall include the following:

1. Manufacturer's name, Material and equipment description, equipment
number, part number, serial number, and model number.

2. Manufacturers service contact person, phone number, and address.
3. Warranty expiration date.
D. Software support which shall be provided by the supplier:

I. Free technical PLC / OI software and hardware configuration phone support
for a period of one year. PLC / OI phone support shall be provided directly
from the person(s) that configured the PLC / OI. Phone support shall be
available between 8 a.m. and 4 p.m. Pacific Standard Time Monday through
Friday.

2. The supplier shall correct any PLC / Ol software configuration error that is
discovered within the warranty period, at no additional cost to Owner
Government. Updated documentation for each "operation and maintenance"
manual and new floppy disks of updated software shall be provided for each
correction.

E. The Contractor shall provide all labor and material to troubleshoot, replace, or repair
any hardware or software that fails or operates unpredictable during the warranty
period, at no additional cost to the Owner Government.
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G.

Each time the Supplier's repair person responds to a system malfunction during the
warranty period, he or she must contact the designated Owner Government
maintenance supervisor for scheduling of the work, access to the jobsite, and
permission to make repairs. Operation of facilities necessary to test equipment shall
only be performed by or under the direction of the Owner Government Staff. The
Owner Government reserves the right at its sole discretion to deny operations
requested by the Supplier.

The Contractor shall provide to the Owner Government the names, addresses and
phone numbers of service personnel.

3.11 FINAL ACCEPTANCE

A.

Final acceptance will be given by the Engineer Contracting Officer after the
equipment has passed the "final acceptance trial period", each deficiency has been
corrected, final documentation has been provided, and all the requirements of design
documents have been fulfilled.

At the end of the project, following the completion of the field tests, and prior to
final acceptance, the Supplier shall provide the following to the Owner Government:

1. Each "operation and maintenance" manual shall be modified or supplemented
by the Supplier to reflect all field changes and as-built conditions.

2. Two (2) disk copies of all final documentation to reflect as-built conditions.

Keys: Submit two sets of all keys for locks supplied on this project. Wire all keys
for each lock securely together. Tag and plainly mark with lock number or
equipment identification, and indicate physical location, such as panel or switch
number.

END OF SECTION
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SECTION 16120 WIRE., FUSES & TERMINAL BLOCKS

PART 1: GENERAL

1.01 SCOPE OF WORK

A.

C.

The Contractor shall assemble, ready for use, the electrical and instrumentation
system with wires, fuses and terminal blocks as specified herein.

Furnish all required labor, materials, tools, test equipment, incidentals, and services
to provide a complete and operational electrical and instrumentation system with
wire and electrical devices as shown on the Drawings, included in these
Specifications, or required for fully operating facilities.

Work includes that specified in Section 16010 - Electrical.

1.02 SUBMITTALS AND DRAWINGS

A.

Provide submittals and drawings as specified in Section 16010 - Electrical,
SUBMITTAL AND DRAWING REQUIREMENTS.
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PART 2: PRODUCTS

2.01  WIRING AND ELECTRICAL DEVICES

A.

GENERAL
I. General
a. The electrical and instrumentation system supplier shall provide

the wiring and electrical devices specified herein and install field
and internal panel wiring as shown on the Contract Drawings. This
section applies to all wires or conductors used internal (non-field)
to electrical equipment or external for field wiring. Wire quantity
and size shall be per “Wire Routing and Conduit Schedule”.

2. Power Distribution

All electrical and instrumentation panels shall be equipped with a
120 VAC main power disconnect circuit breaker and power
distribution circuit breakers. The main power disconnect breaker
shall be a one pole breaker rated at 15 amperes. Distribution
circuit breakers shall be single pole. The circuit breakers shall be
mounted on a standard DIN rail, and shall be Allen - Bradley
Channel Mounting Type, Cutler Hammer type BAB with finger
safe cover, or equal.

For each power distribution circuit breaker, a neutral return
terminal block shall be installed at the bottom of the breaker rail.
The neutral return terminal block shall be standard DIN rail
mounted, and shall be rated to carry up to 15 amperes and accept
up to two 12 AWG wires.

A spare duplex outlet wired to a separate circuit shall be provided
in each control and instrumentation panel. This outlet shall remain
available for future use, shall be labeled "CONVENIENCE
RECEPTACLE" and shall not be used to power any equipment
installed by the Control and Instrumentation panel vendor.

Analog Signals

a.

Analog signal transmission between electric or electronic
instruments shall be 4-20 milliamperes and shall operate at 24
volts DC unless otherwise specified. Milliampere signals shall be
current regulated and shall not be affected by changes in load
resistance within the unit's rating. Provide powered current
isolators wherever the loops’ load resistance exceeds the
originating current signal transmitter's rating. Associated shunt
resistors shall be located on rail-mounted terminal blocks.
Exposed resistor leads shall be insulated with heat-shrink tubing.
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B.

LOW VOLTAGE WIRE AND CABLE ( through 600V except instrument signals )

1.

General: Low voltage conductors shall be used for power, control, lighting
and miscellaneous circuits. This Section applies to all wires or conductors
used internal for all electrical equipment or external for field wiring. Wire
shall be new, plainly marked with UL label, gauge, voltage, type of
insulation, and manufacturer's name.

Control and Power Wiring:

a.

b.

Conductors shall be copper with a minimum of 98% conductivity.

Class C stranding. Solid conductors may be used for lighting and

receptacle circuits.

Insulation of all conductors and cables shall be rated 600 volt (min).

Insulation type shall be moisture and heat resistant thermoplastic

NEC Type THHN /THWN, rated 90 °C in dry locations and 75 °C in

wet locations, for #8 AWG or smaller. Conductors #6 AWG and

larger shall be XHHW insulation.

Field wire minimum AWG sizes:

1) #12 for wires used for individual conductor circuits 100 volt
and above, except for PLC I/O which may be #14 AWG
unless otherwise noted.

2) #14 for wires used for individual conductor circuits below
100 volt.

Nonfield or equipment wire minimum AWG sizes:

1) #16 for wires used for individual conductor circuits 100 volt
and above.

2) #18 for wires used for individual conductor circuits below
100 volt.

Instrument wiring:

a.

Field: Instrument cables shall have 600V tray cable rated insulation
and 100% individual shielded twisted pair #16 conductors with drain
wire. Single twisted shielded pair (T.S.PR.) cables shall be Belden
9342, or approved equal.

Non-Field: Instrument cables shall have 300V rated insulation and
100% individual shielded twisted pair #18 conductors with drain
wire. Single twisted shielded pair (T.S.PR.) cables shall be Belden
8760, or approved equal.

Manufacturer Supplied Cables

a.

Cables and wiring for special systems provided by the manufacturer
with the equipment shall be installed per the manufacturer's
recommendations.
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C.

COLOR CODE

1. Color code - color code of all wire shall conform with the following table:

WIRES COLOR CODE TABLE

Description Phase/Code | Field wire or tape color Non-Field Wire
Letter Color
480V, 3 Ph A Brown Brown
B Orange Orange
C Yellow Yellow
240V or 208V,3Ph | A Black -
B Red (Orange if high leg) -
C Blue -
240/120V, 1 Ph L1 Black Black
L2 Red -
24V Positive 24P Pink Pink
24V Negative 24N Black Black
AC Control Violet Red (Yellow for
foreign circuits)
DC Control Blue Blue
Neutral N White White
Ground G Green Green
Shielded Pair + Clear (White) Clear (White)
- Black Black
2. All wires #8 and below shall have wire insulation the color specified. Wires

#6 and larger may be black with color electrical tape at termination points.

3. No other colors shall be used without prior approval of the Owner

Government.
4. The same color shall be connected to the same phase throughout the panel.
5. All wires shall be properly fused or protected by a breaker at the amperage

rating allowed by the NEC.

WIRE MARKING

All panel, enclosure and field wiring shall have wire labels on both ends of each
wire. Labeling shall be neatly installed for visibility and shall be clearly legible.
Each conductor of instrument shielded signal wiring shall be labeled. Wire labels
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E.

shall be machine printed with on white heat shrinkable tubing. Each label shall fit a
minimum 23 characters, 3/16” in height before shrink. Tubing shall be sized for the
wire and shrunk into place using an electric heat gun. Hand lettered wire labels are
not acceptable and shall be replaced at the Contractor's expense. Provide Brady
“Bradysleeve” or approved equal.

2. Node Style Wire Identification - All wires that are electrically the same
(connected to common termination points) and do not pass through a contact
or other switching device shall have the same wire identification. The wire
labeling code for each end of the same wire shall be identical.

a. The wire identification code for internal panel wiring shall be the
number/letter as designated on the Contract elementary and/or
approved shop drawings.

b. Wire labeling for field wiring shall contain the panel/equipment name
as a prefix and the termination point name. (I.LE. PLC50-A103 or
P10-124). The hierarchy of label names is 1) PLC panel name, 2)
MCC equipment name, and 3) Equipment name. Therefore, wires
from PLC50 to the MCC50 P10 cubicle will be labeled PLC50-XXX.
Wires from MCC50 P10 to field pressure switch PSH10 will be
labeled P10-XXX.

C. Wire labels shall be exactly per interconnection submittal --
abbreviations determined in the field are not allowed. Abbreviations
may be used in the wire label as submitted and approved in the
interconnection drawings submittal.

d. Wire labels for lighting and receptacle circuits shall consist of the
panel board and circuit number and a unique node number. (L.E.
LP#3-A, LP#3-B, LP#3-N)

e. Wire labels may be omitted on “neutral jumpers” less than 8” in
length.

FUSES AND FUSE HOLDER

1. Fuses used in circuits 200 VAC and above shall be time- delay, 13/32" x
1-1/2", and have an interrupting rating of 10,000 AIC at 500 VAC. Fuses
shall be Bussman type FNQ or approved equal. Fuse holders shall be of the
barrier type with fuse puller and rated 30A at 600 VAC. Fuse holders shall
be Connectron NDNF1 with PF1 fuse puller or equal.

2. Fuses used in 120 VAC shall be time-delay, 1/4" x 1-1/4", and have a rating

of 250 VAC. Fuses shall be Bussman type MDA or approved equal.
Fuse-holders shall be of the same manufacturer, series and color as the
adjacent terminal blocks and have blown fuse neon indicators. Fuse holders
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F.

4.

shall be Entrelec ML 10/13.SFL, Allen Bradley 1492-W4 or approved equal.

Fuses used in signal and 24 VDC circuits shall be fast acting, Smm x 20mm,
and have a rating of 250 VAC. Fuses shall be Bussman type GMA or
approved equal Fuse-holders shall be of the same manufacturer, series and
color as the adjacent terminal blocks. Fuse holders shall be Entrelec M
4/8.SF, Allen Bradley or approved equal.

Fuses shall be sized in conformance with the NEC.

TERMINAL AND FUSE BLOCKS

1.

Control Panel Terminal Blocks

a.

Terminal blocks to be clamp type, 6mm spacing, 600 volt, minimum
rating of 30 amps, and mounted on DIN rail. DIN rail shall be same
type as used for the relays. Install an extra DIN rail on each type of
terminal strip with 20% spare terminals for future additions.
Provide terminal blocks with "follower" plates that compress the
wires and have wire guide tangs for ease of maintenance. Terminal
blocks that compress the wires with direct screw compression are
unacceptable. All power, control and instrument wires entering and
leaving a compartment shall terminate on terminal blocks with wire
numbers on terminals and on both ends of the wires.

Terminal Tags and Markers: Each terminal strip shall have a unique
identifying alphanumeric code at one end (i.e.: TB1, TB2, etc. ). On
each terminal strip, terminal numbers shall be assigned starting with
#1 at one end, incrementing in alphanumerical order (i.e.: 1,2,3,4....).
Numbers shall be assigned to all blocks except grounding blocks.
Fuse blocks shall be assigned unique tag numbers such as FU1, FU2.
No two fuses shall be assigned the same tag number.

Plastic marking tabs shall be provided to label each terminal block.
These marking tabs shall have a unique number/letter for each
terminal which is identical to the "elementary" and "loop" diagram
wire designation. Numbers on these marking strip shall be machine
printed and 1/8 inch high minimum.

Terminal blocks shall be physically separated into groups by the level
of signal and voltage served. Power and control wiring above 100
volts shall have a separate group of terminal blocks from terminal
blocks for wiring below 100 volts, intermixing of these two types of
wiring on the same group of terminal blocks is not allowed.
Provide a ground terminal or connection point for each grounding
conductor.

Provide a separate common or neutral terminal for every two
(maximum) inputs and/or outputs.

COLOR CODING: Color coding of terminal blocks with colored
tabs or terminal labels shall be:
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G.

1) Digital Inputs Red

2) Digital Outputs Yellow
3) Analog Inputs Blue
4) Communications Orange
5) Power Black
1. Terminal blocks shall be Entrelec M4/6, Allen Bradley 1492-W4 or

approved equal.

2. MCC — Motor Starter Cubicle Terminal Blocks

a. MCC cubicle terminal blocks shall be pull apart as supplied standard

by MCC manufacturer.
3. Power — Power terminal Blocks

a. Backpan mounted termination blocks shall be rated for 600V
(min). The power termination blocks shall be rated to accept
Copper or Aluminum cable and rated as shown on Contract one-
line diagrams. Each termination block shall be provided with
quantity of primary and secondary cable connections as required
per installation. The power termination blocks shall be
Connectron Square D or approved equal.

b. Unmounted termination blocks shall be constructed of aluminum
and suitable for use with Aluminum and copper wire. Size and
quantity of cable connections shall be as required for installation.
Termination blocks shall be insulated with molded high-dielectric
strength plastic covering and eliminate the need for tape insulation
of electric connection. The termination block shall have
removable access plugs over the wire entry and hex screw ports.
Provide NSI Polaris IPL or IPLD Series terminal blocks or
approved equal.

PANEL GROUND

1. Each electrical, control and instrumentation panel shall be provided with a 1
inch x 0.25 inch x 8 inch (minimum size) solid copper grounding bus bar,
mounted on the inside of the enclosure. The grounding bar shall be mounted
on insulated standoffs so that no electrical connection is made between the
ground bar and the cabinet through the mounting. The ground bar shall be
drilled and tapped for a 0.25-20 screws at 0.5 inch interval along its entire
length.

2. An un-insulated solid copper #8 AWG ground wire shall be attached between

the ground bar and the panel enclosure, and between the ground bar and the
mounting panels. The ground connection to the enclosure and panel shall be
made by sanding the paint finish off a small area, drilling a hole for a 0.25
inch bolt and mounting a 0.25-20 bolt to the panel to serve as grounding stud.
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The grounding stud shall be attached with a nut and flat washers on both
sides of the enclosure/panel, and with an inside tooth star lock washer next to
the panel surface. The star lock washer shall be on the inside surface of the
enclosure, and the front surface of the mounting panel. The grounding wire
shall be secured to the stud with a nut and inside tooth star lock washer.
These grounding points shall be located within 12 inches of the bottom to the
grounding bar. Each terminal strip rail shall be individually grounded by
means of a #12 AWG wire to the ground bus. The PLC rack, power supply,
lightning arrestor shall be similarly grounded according to the manufacturer's
recommendations.
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PART 3: EXECUTION

3.01 WORKMANSHIP

A.

All work in this Section shall conform to the codes and standards specified in Section
16010 - Electrical.

The Supplier shall employ personnel that are skilled and experienced in the
installation of wire electrical devices, accessories, and assemblies. All installation
labor shall be performed by qualified personnel who have had experience on similar
projects. Provide first class workmanship for all installations.

Ensure that all equipment and materials fit properly in their installations.

Perform any required work to correct improper installations at no additional expense
to the Owner Government.

3.02 INSTALLATION

A.

System:

1. Install all products per 16010 - Electrical, INSTALLATION, GENERAL.

2. The panels shall be completely factory wired and tested before shipment.
3. All spare PLC input / output points shall be wired to terminal blocks.

4. A minimum of 20% spare unwired terminals shall be provided in each panel.
Wiring Methods:

1. Wiring Separation: Wires carrying 100 volts and above shall be physically

separated from lower voltage wiring by using separate bundles or wire ways
with sufficient distance to minimize the introduction of noise, crossing only
at 90 degree angles.

2. Harness: All wiring shall be neatly bundled and laced with plastic tie-wraps,
anchored in place by screw attached retainer. Where space is available,
wiring shall be run in slotted plastic wireways with dust covers. Wireways
shall be sized such that the wire fill does not exceed 60%. Tie-wraps shall be
T&B TY-RAP or approved equal.

3. Retainers: Wireways, retainers, and other devices shall be screw mounted
with round-head 316 stainless steel screws or mechanically mounted by
push-in or snap-in attachments. Glue or sticky back attachment of any type or
style shall not be used. Retainers shall be T&B TC series or approved equal.

4. Hinge Loops: Where wiring crosses hinged surfaces, provide a "U" shaped
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C.

hinge loop protected by clear nylon spiral wrap. The hinge loop shall be of
sufficient length to permit opening and closing the door without stressing any
of the terminations or connections. Spiral wrap shall be Graybar T25N or
approved equal.

Routing: Wires and cable shall be routed along the shortest route between
termination points, excepting routes which would result in routing 120 VAC
and other wires and cables in the same duct or bundle. Wires and cables
shall have sufficient length to allow slack and to avoid any strain or tension
in the wire or cable.

a. Wires shall be routed in slotted plastic wireways with snap covers.
Wires carrying 120 VAC shall be separated as much as possible from
other wires and signal cables, and shall be routed only in ducts for
120 VAC. If the power wiring has to cross the signal wiring, the
crossing shall be as close to a right angle as possible. Wireways for
24 VDC wiring shall be used for all other wires and cables. Routing
of 120 VAC in combined wireways shall be minimized. Wires and
cables shall be placed in the wireways in a straight, neat and
organized fashion and shall not be kinked, tangled or twisted
together. Additional wire ducting shall be provided for use by the
electrical subcontractor for routing field wires to their landing points
in the each electrical and instrumentation panel.

b. Provide 2” minimum separation between wireway and terminal
blocks.
c. Wiring not routed in wireways work shall be neatly bundled, treed,

and laced with plastic ties

Wire terminations

1.

Single wire and cable conductors shall be terminated according to the
requirements of the terminal device as follows:

a. Crimp-on terminals: shall be UL listed, self-insulating sleeve type,
with ring or rectangular type tongue, suitable for the size and material
of the wire to be terminated, and for use with either solid or stranded
conductors.

b. Terminal Blocks: Remove the last +/- 0.25 inches insulation from of
the conductor and insert it under the pressure plate to full length of
the bare portion of the conductor. Tighten the screw to close the
pressure plate onto the conductor. No more than two conductors
shall be installed in a single terminal. All strands of the conductor
shall be captured under the pressure plate.

C. Screw-less terminals: wire shall be stripped back and inserted per the
terminal manufacturer's instructions.
d. Motors with pigtail leads: Install unmounted power terminal blocks

on the motor pigtails and the cable(s) to be connected. Terminals
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shall be non-insulated set screw type applied with an allen wrench.
Only one wire allowed per terminal. Install plugs in unused terminal
spaces.

When stripping insulation from conductors, do not score or damage
conductor.

The drain wire of shielded cables shall be covered with insulating tubing
along its full bare length between the cable jacket and the terminal lug or
terminal pressure plate.

Heat shrink shall be placed on ends of shielded cable to cover foil.

Condulets with wire nut connections shall be supplied for wire termination to
devices with leads instead of terminals. (i.e. solenoid valves, level probe,
etc.)

Wire Splicing

1.

No wires shall be spliced without prior approval by the Engineer Contracting
Officer.

Where splices are allowed or approved by the Engineer Contracting Officer
they shall conform to the following:

a. Wire splicing devices shall be sized according to manufacturer's
recommendations.
b. Splices of #10 and smaller, including fixture taps, shall be made with

nylon self-insulated twist on wire nuts; T & B "Piggys", Ideal
"Wing-Nut" or approved equal.

C. Splices of #8 and larger shall be hex key screw, two way connectors,
insulated with molded high-dielectric strength plastic; NSI Polaris
IPL or IPLD Series terminal blocks or approved equal.

d. Splices in underground pullboxes shall be insulated and moisture
sealed with 3M "Scotchcast" cast resin splice kits or approved equal
and shall have a date marking for shelf life.

Wire Installation

1.

Exercise care in pulling wires and cables into conduit or wireways so as to
avoid kinking, stressing the cables, or damaging the insulation. Use a UL
listed pulling compound for lubrication within conduits as necessary. The
raceway construction shall be complete and protected from weather before
cable is pulled in. Swab conduits before installing cables and exercise care in
pulling, to avoid damage to the insulation or conductors.

All wire and cables (with the exception of coaxial antenna cable) shall be
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installed within UL listed raceways or enclosures. lInstall all wires and
cables in one continuous length unless splices are per contract drawings,
required to connect equipment or submitted and favorably reviewed.

3. Bundle incoming wire and cables in panels. Zip-tie at intervals of 2” and
neatly spread into trees and connect to their respective terminals. Allow
sufficient slack in cables for alterations in terminal connections. Do not
bundle, tape or tie wires within conduits.

3.03 WARRANTY

A. Provide warranty as specified in Section 16010- Electrical, WARRANTY.

«x% END OF SECTION #%**
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SECTION 16480 MOTOR CONTROL CENTER

PART 1: GENERAL

1.01 SCOPE OF WORK

A.

The Contractor shall supply motor control centers (MCC) as specified herein.
This document describes the materials and intended operation, but does not
necessarily describe all devices necessary for a functional system. All
components and devices shall be furnished and installed as required to provide a
complete, operable and reliable system for accomplishing the functions and
meeting the performance set forth hereinafter.

The Contractor shall perform complete startup and testing services for the motor
control center per section 16600-TESTING

Furnish all required labor, materials, safety equipment, transportation, test
equipment, incidentals and services to provide a complete and operational MCC
as described in these Specifications, or required for fully operating facility.

Work includes that specified in Section 16010 - Electrical.
The MCC scope of work includes:

Providing MCC structure and all internal components.
Installation of the complete MCC and concrete pad per details.
Submittal data and drawings.

Manufacturer’s representative startup assistance.

Factory and field testing.

Operation and maintenance manuals.

Warranty of all components of the MCC.

Nk WD —

All wiring, wire color codes, wire labeling and terminal blocks within MCC shall
be as specified in Section 16120 - Wire, Fuses and Terminal Blocks.

1.02 SUBMITTALS AND DRAWINGS

A.

B.

Provide submittals and drawings as specified in Section 16010- Electrical,
SUBMITTAL AND DRAWING REQUIREMENTS.

Submit floor plan of MCC showing conduit entry areas.

1.03 RELATED SECTIONS

A.

B.
C.
D

Section 16010 — Electrical

Section 16120 — Wire, Fuses and Terminal Blocks
Section 16250 — Automatic Transfer Switch

Section 16470 — Panelboard and Power Transformer
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E. Section 16482 — Solid State Soft Starter

1.04 OPERATING INSTRUCTIONS

A. Provide operating instructions as specified in Section 16010- Electrical,
OPERATING INSTRUCTION.
RD784 Pump Station #2 Electrical Specifications
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PART 2: PRODUCTS

2.01 MOTOR CONTROL CENTER

A.

GENERAL

1.

The motor control center (MCC) shall be built and tested in accordance with:

a. NEMA Standards
b. ANSI
c. Underwriters Laboratories, Inc.

The MCC shall comply with all provisions of UL 845, and bear a separate
U.L. label on each individual MCC section. All wiring, devices, and
components contained within the MCC shall be individually U.L. listed. An
overall UL approval and labels shall be provided for the individual MCC
sections prior to delivery from the factory, field UL labeling will not be
allowed.

The MCC shall be 600 volt rated and built to operate from incoming voltage
as shown on the electrical one-line drawings.

The MCC fabrication shall be NEMA class II with NEMA type B wiring.

The MCC shall be provided with the type, capacity, and ratings of
components shown on the Drawings or otherwise specified. The breakers
shall be rated to withstand the fault current of 42,000 RMS symmetrical
amperes or as otherwise shown in the drawings.

MCP breakers shall be selected to have trip and breaker size based on the
service factor amperage to meet NEC 1999 2002. When the MCP breaker
size changes due to a different motor size and amperage than that shown on
the Contract Drawings, the Contractor shall provide the properly sized MCP
breaker at no additional cost to Owner Government.

All breakers shall be provided with handle padlock provisions or thru-door
operators with padlock provisions.

The motor control center (MCC) shall be Allen Bradley Centerline, Cutler
Hammer Freedom, Square D Model 6 or approved equal.

QUALIFICATIONS

1.

MCC structures shall provide for all equipment detailed on the single line
Drawings including all spares and spaces. Where possible the MCC shall be
built in strict accordance with overall sizing and component layouts as
detailed on the Drawings and no deviations will be allowed without prior
approval of the Owner Government.
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When physical size requirements for individual components are different
than that detailed on the MCC elevation Drawings, the single line drawing
shall supersede the elevation drawing and the Contractor shall furnish
additional vertical and/or horizontal sections as needed to fit the electrical
equipment as shown in the one-line diagram. Deviations with sufficient
evidence for the change shall be submitted for approval. The Contractor is
required to provide for all equipment including spares and spaces as shown
on the one-line diagram.

All devices and component of a similar type of function (i.e., circuit breakers,
contactors, control relays, timers, etc.), shall be the product of one
manufacturer.

All starters and contactors shall be rated and designated in accordance with
NEMA standards. Starters and contactors rated in amperes without
manufactures published data indicating the corresponding NEMA sizes are
not acceptable. Submittals shall provide cross reference data which includes
details of the manufacturer compliance with NEMA standards and tests.

CONSTRUCTION

1.

MCC section construction shall consist of a NEMA 1A enclosure fabricated
from 12 ga. formed steel channels. The subframes shall be welded and
bolted to longitudinal members to form the complete rigid self supporting
frame. Side, back and roof covers of 14 ga. steel shall be mounted with
screw fasteners for quick and easy removal. All cubicle and wireway doors
shall be hinged and made of 14 ga. steel with a }42” flange to provide rigidity.

The MCC shall consist of standard metal-enclosed, freestanding, dead-front
and dead-back vertical sections, not more than 90 inches in height and not
less than 20 inches deep. The composite MCC shall consist of vertical
sections that are of equal height.

Provide MCC with NEMA 3R weather wrap where shown on Contract
Drawings.

Usable space for control equipment excluding the upper and lower wireways
of MCC shall be 72 inches. Compartments shall be spaced in increments of
six inches. Minimum compartment height shall be six inches.

Each section shall be provided with a horizontal top and bottom wireways.
Wireways shall be readily accessible and isolated from all busing by
grounded steel barriers. The bottom wireways shall have adequate conduit
entrance area and shall not be obstructed by transformers, capacitors or other
devices. The wireways in each section shall line up horizontally with
wireways in the adjacent sections. The side panels shall be eliminated
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10.

11.

between adjacent sections so that wires may be pulled through wireways the
entire MCC length.

Where shown on the Drawings, isolated (4” minimum width) vertical
wireways shall be provided in each section with a dedicated door(s). Vertical
wireways shall connect the top and bottom horizontal wireways for cable
routing. Vertical wireways shall have wire hangers for wire tie-down spaced
throughout the complete vertical trough. Vertical wireway doors shall be
latched by quarter turn indicating type fasteners.

The MCC shall be designed for front access maintenance. All wiring, bus
joints, and other mechanical parts requiring tightening or other maintenance
shall be accessible from the front. Rear or side access shall not be necessary
for inspection or maintenance.

All steel work shall be immersion cleaned and phosphated to inhibit rust
prior to painting. A 2 mil thick (minimum) electrostatic powder paint coat
shall be applied to all surfaces and baked to thermoset. MCC compartment
interior color shall be white. All other interior MCC structure surfaces shall
be finished in ANSI 61 light gray color. MCC painting process shall meet
UL 1332 for electrical equipment steel enclosures. No field painting will be
allowed except for "touching up" of damaged areas.

A manufacturer's nameplate shall be attached to the MCC giving the model
number, serial number, bus amps, voltage, and other manufacturer's
information pertaining to the MCC construction.

The MCC shall be furnished completely factory assembled and shipped to the
jobsite in with multiple MCC sections bolted together, maximum 100 inch
wide pieces. Removable lifting angles or eyes shall be provided on the top of
each MCC shipping section. Quick disconnecting terminal blocks shall
facilitate field re-assembly of multiple shipping sections.

The MCC shall be factory inspected and witness tested by the Owner
Government prior to it being shipped to the jobsite. If the MCC is shipped to
the jobsite without factory inspection and testing by the Owner Government,
then the Contractor shall remove the MCC from the jobsite, and return it to
the factory for factory inspection and witness testing, all at the expense of the
Contractor.

BUSS SYSTEM

1.

All vertical and horizontal buss material shall be tin plated copper.
Aluminum bus will not be considered equal to copper bus. All buses, except
ground buses, shall be completely isolated from front compartments by steel
plates or insulating material.
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A continuous horizontal bus shall be furnished and rated as shown on the
Drawings.

A full length vertical buss shall be furnished in each section and rated as
shown on the Drawings. Current rating shall apply to the full length of the
vertical bus, tapered bus shall not be allowed. Vertical busses shall be
insulated and isolated with glass polyester or equivalent continuous barriers.
Cutouts in the insulation covering the bus shall be provided for plug-in
connections. Unused plug-in openings shall be covered with removable
insulating material. Lower ends of vertical busses shall be insulated from
wireway access.

Buses shall be sized and braced to withstand a fault of 42,000 65,000 RMS
symmetrical amperes. The MCC, breakers and other components all shall be
individually and as a group, rated to isolate a fault current of this magnitude.

A ground buss shall be provided in the bottom horizontal wireway of each
section. The ground buss shall be rated as shown on the Drawings. It shall be
electrically continuous the entire width of the MCC. Provide cable lugs on
each end of the ground buss.

E. COMPARTMENTS

1.

Compartments shall be isolated from each other by horizontal steel plates
without openings that are a part of the structure itself. Draw-out units shall
totally isolate enclosed equipment. All unused openings to the adjacent
vertical wiring space shall be plugged. All openings used for wiring shall
have insulating grommets.

Doors for each compartment shall be fabricated from formed sheet steel of
not less than 14 gauge thickness. The door opening shall be of sufficient size
to permit ready removal of any of the devices in the compartment. Doors
shall be mounted on adjustable and removable pin type concealed hinges so
arranged that compartment doors may be removed without disturbing
compartment doors above or below. Door latches shall be quarter turn
indicating type fasteners. Overload relays shall be reset from outside the
enclosure by means of an insulated button mounted on the door.

An operator mechanism mounted on the draw-out unit shall provide the
means for operating the compartment breaker or disconnect switch. The
operator shall extend through an opening in the compartment door and shall
clearly indicate whether the disconnect is "on", "off", or "tripped". This
indication shall function whether the door is open or closed. The operating
mechanism shall not be attached to the compartment door.

Each compartment for combination starters, breakers, and disconnect
switches shall be draw-out construction, containing individual units.
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10.

11.

12.

Draw-out provisions shall include a positive guide rail system and stab
shrouds to absolutely ensure alignment of stabs with the vertical bus. The
stabs shall be tin plated copper alloy and shall provide a self aligning
pressure connection. The stab design shall assure a consistent low-resistance
contact with the vertical bus even after repeated insertions and removals.
Power wiring to stabs shall be contained within the draw-out unit; no wire
shall extend behind the unit.

All similar compartments shall have the same structural features and the units
shall be interchangeable.

A mechanical interlock shall prevent opening of the door when the
disconnect is in the "on" position,. This interlock shall be provided with a
defeater so that authorized personnel may gain access to the compartment
without interrupting service. This interlock shall also prevent unintentional
closing of the disconnect when the compartment door is open. A second
mechanical interlock shall prevent any possibility of removing or reinserting
the draw-out unit while the disconnect is in the "on" position.

The operator handle mechanism shall allow padlocking of the disconnect in
the "off" position with up to three padlocks.

Compartment interconnect wiring shall be to unit mounted, class B, pull apart
terminal blocks located on the right side of the cubicle between the cubicle
and the wireway.

Pushbuttons, selector switches, and indicating lights shall mount on a
removable device panel which is part of the draw-out unit unless otherwise
shown in the drawings. The device panel shall not be part of the door.

Compartments containing panelboards shall have a card holder on the inside
of the door.

Compartments containing motor starters shall each have an overload heater
selection table posted inside the door.

MCC compartments labeled as space shall have a blank hinged door and
drawout relay panel installed, occupying the full space area.
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PART 3- EXECUTION

3.01

3.02

WORKMANSHIP

A.

All work in this Section shall conform to the codes and standards specified in Section
16010 - Electrical.

Wire, terminal blocks and wire labeling shall conform to section 16120 — Wire,
Fuses and Terminal Blocks.

The Supplier shall employ personnel that are skilled and experienced in the startup
and testing of all elements, equipment, devices, instruments, accessories, and
assemblies. All installation labor shall be performed by qualified personnel who have
had experience on similar projects. Provide first class workmanship for all
installations.

Ensure that all equipment and materials fit properly in their installations.

Perform any required work to correct improper installations at no additional expense
to the Owner Government.

INSTALLATION

A.

Vertical sections shall be mounted on steel channel sills continuous on two sides.
The steel channel sills shall be heavy duty to meet the specific seismic requirements
of this project location. These sills shall be mounted in the concrete pad to be
installed per the Contract Drawings.

In general, all conduit entering or leaving a MCC shall be stubbed up 1" into the
bottom horizontal wireway directly below the vertical section in which the
conductors are to be terminated.

All motor starters that utilize changeable overload heater elements shall be furnished
to the job site with the elements shipped loose. The Electrical Contractor shall check
the nameplates for the full load amperage (FLA) rating of all mechanical equipment
and select the appropriate overload element to be installed.

Field interconnect wiring to the MCC shall be neatly grouped by compartment and
bound by plastic tie wraps. All wiring shall be supported so that circuit terminations
are not stressed.

Provide extension handles for breakers with center of the grip of the operating
handle, when in its highest position, is above 78" from floor in order to conform with
NEC article 380-8.

The as-built electrical drawings shall be placed in a water tight plastic wrap and
shipped with the MCC to the jobsite.
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3.03 FIELD

A.

Provide %4 cup of each color used for exterior paint finish of MCC to Owner
Government for its use.

MCC supplier to provide all necessary lugs for connection of power cables to MCC
bus, breakers and motors.

Base of MCC shall be adequately grouted, caulked or sealed to prevent the entry of
insects and rodents.

ASSISTANCE

Provide field testing as specified in Section 16010 - Electrical, TESTING.

3.04 WARRANTY

A.

Provide warranty as specified in Section 16010- Electrical, WARRANTY.

«x% END OF SECTION***
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SECTION 16482 SOLID STATE SOFT STARTER

PART 1: GENERAL

1.01 SCOPE OF WORK

A.

The Contractor shall supply along with complete startup and testing services for
the solid state soft starter (SSS) as specified herein. This document describes the
function and operation of the system and particular components, but does not
necessarily describe all necessary devices. All components and devices shall be
furnished and installed as required to provide a complete operable and reliable
system for accomplishing the functions and meeting the performance set forth
hereinafter at no additional cost to the Owner-Government.

Furnish all required labor, materials, safety equipment, transportation, test
equipment, incidentals and services to provide a complete and operational SSS
system as described in these Specifications, or required for fully operating
facility.

Work includes that specified in Division 16.
The SSS system scope of work includes:

1. Providing each modular solid state soft starter as shown on Contract
Elementary Drawings. Solid State Soft Starter shall be provided with full
speed bypass where shown on Contract Drawings. All SSSs shall be of
the same manufacturer.

2. Providing cooling system, mounting hardware, associated miscellaneous
devices, and field control stations.
3. Installation of the complete SSS system with components as specified in

Section 16010 - ELECTRICAL.

Submittal data and Drawings.

Startup assistance.

Field and factory testing.

Operation and maintenance manuals.

Warranty of all components of the SSS system.

XNk

1.02  JOB CONDITIONS

A.

B.

Rate the equipment to meet the job conditions listed in Section 16010 — Electrical.

All the SSSs shall be rated for continuous full load operation at the amperage
shown in the Contract one-line diagrams.

1.03 SUBMITTALS AND DRAWINGS

A.

Provide Submittals and Drawings as specified in Section 16010.
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B. Include a record of each SSS parameter available to be changed by the user. The
list shall include factory defaults and space for entered values.

1.04 OPERATING AND MAINTENANCE INFORMATION
A. Provide operating instructions as specified in Section 16010.

B. Include a record of each SSS parameter setup during startup and testing and place
a copy of setting in each O & M manual.
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PART 2: MATERIALS

2.01 QUALITY

A.

D.

It is the intent of the Contract Specifications and Drawings to secure the highest
quality in all materials and equipment in order to facilitate operation and
maintenance of the facility. All equipment and materials shall be new and the
products of reputable suppliers having adequate experience in the manufacture of
these particular items. For uniformity, only one manufacturer will be accepted for
each type of product.

All equipment shall be designed for the service intended and shall be of rugged
construction, of ample strength for all stresses which may occur during
fabrication, transportation, erection, and continuous or intermittent operation. All
equipment shall be adequately stayed and braced and anchored and shall be
installed in a neat and workmanlike manner. Appearance and safety, as well as
utility, shall be given consideration in the design of details. All components and
devices installed shall be standard items of industrial grade, unless otherwise
noted, and shall be of sturdy and durable construction suitable for long, trouble-
free service. Light duty, fragile, and competitive grade devices of questionable
durability shall not be used.

Products that are specified by manufacturer, trade name, or catalog number
establish a standard of quality and do not prohibit the use of equal products of
other manufacturers provided they are favorably reviewed by the Owner
Government and/or Engineer Contracting Officer prior to installation.

Underwriter’s Laboratories (UL) listing is required for all substituted equipment
when such a listing is available for the first named equipment.

2.02 SOLID STATE SOFT STARTER

A.

General:

1. Each solid state soft starter (SSS) shall be provided as a standalone system
as an integral unit. The SSS shall be of the latest technology used
exclusively for starting motors of the voltage and horsepower shown in the
drawings by limiting the voltage and/or current provided to the motor. The
SSS shall be available from a single manufacturer in the horsepower range
of 1 to 500. The SSS shall be microprocessor controlled and use high
efficiency gated power Silicon Controlled Rectifiers (SCRs). The SSS
shall be an Allen-Bradley SMC Dialog Plus with pump control option or
approved equal.
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a.

The SSS shall feature the following selectable motor starting/stopping
modes:

Soft Start — The motor shall be raised to an initial torque value that
is programmable from 0-90% of locked rotor torque. The motor
voltage is gradually increased during the acceleration ramp time,
which is adjustable from 0-30 seconds.

Soft Start with Selectable Kickstart — The kickstart, or voltage
boost, is in addition to the normal soft start as described above.
The soft starter shall provide a 0-2 second (selectable) current
pulse equal to 550% of the motors full load current.

Current Limit Start — This starting mode will limit the maximum
starting current supplied to the motor during starting. The user
shall be able to adjust the current limit from 50% to 600% of full
load current.

Full voltage Start- This mode will provide full voltage and current
to the motor with a 4 second ramp.

Soft Stop — This feature will linearly ramp down the voltage over a
time interval of 0-60 seconds (selectable)

Pump Control — This optional mode (required as specified herein)
provides non-linear voltage ramp starting and stopping to smoothly
accelerate and decelerate the motor. The starting time shall be
programmable from 0-30 seconds and the stopping time
programmable from 0-120 seconds.

Load - The SSS shall be designed to continuously operate the following
motor/pump load:

Al

Motor, squirrel-cage induction.

Pump, per Mechanical Division Specification.
Horsepower, at Full speed R.P.M. of supplied motor.
Voltage, 460 VAC, three phase, 60 cycle.

Service factor, 1.15 S.F.

Input Power - The SSS shall be rated to continuously operate under the following
input power conditions:

1. Voltage, VAC as shown in Contract one-line diagram, +10%, -10%.
. Frequency, 60 Hz.
3. Three phase.
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D. Output Power - The SSS shall be rated to continuously operate while providing
the following output power conditions:

1. Voltage, 0 to 460 VAC.
2. Frequency, 60 Hz.
3. SSS amp size (minimum) as shown on Contract one-line drawing.
4. Continuous motor horsepower.
5. Continuous current, 125% of rated motor nameplate Amps.
E. Environmental - The SSS shall be rated to continuously operate under the

following environmental conditions:

1. Ambient temperature, 32°F to 122°F (0°C to 50°C).
2. Altitude, no derating below 3,300 ft.
3. Relative humidity, 95% non-condensing.

F. Digital programmer/controller —The SSS shall be provided with a door mounted
alpha-numeric human interface module (HIM) digital display with keypad to view
and adjust the following diagnostic and status registers:

1. Volts AC per phase.
2. Current per phase.
3. Watts.

4. KWH.

5. Power Factor.

G. Adjustments - The following setting ranges shall be provided and made
independently accessible for operator adjustment:

1. Overvoltage level/delay.
2. Undervoltage level/delay.
3. Current unbalance level/delay.
4. Underload level/delay
5. Phase reversal
6. Jam level/delay.
7. Starts per hour.
8. Ramp times (start and/or stop).
9. Motor code letter
10. Overload class
1. Motor FLA
12. Motor Service Factor.
H. Input and Output Terminations - The SSS assembly shall have terminals for input

and output cabling as defined in the Conduit and Wire Schedule as shown on the
Contract Electrical Drawings.
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Features - The SSS assembly shall have the following features:

1.

Bypass Contactor Control - The SSS shall be capable of controlling a
bypass motor contactor to allow motor current to flow around the soft
starter, through the contactor, and to the motor. Once the motor is up to
speed, the contactor shall be closed and held until a fault or stop
command. In this mode, no current will flow through the soft starter
power terminals but shall remain in the “on” state. An external current
sensing module shall monitor the motor current to maintain the diagnostic,
fault and control functions. Upon shutdown, the bypass contactor shall
open and allow the soft starter to ramp down the motor. Provide sensing
module as required per one-line or elementary diagram.

Connection of the three incoming line leads and three-motor leads shall be
the only connections necessary for manual operation of the SSS unit. All
other wiring shall be prewired at the factory and self-contained within the
SSS unit. A 120 VAC control power transformer and other auxiliary
power supplies shall be provided with the SSS assembly for power to pilot
lights, meters, relays, and miscellaneous devices specified to be supplied
with the SSS. Lugs shall be provided for connection of all power leads;
terminal blocks shall be provided for all other wiring.

The SSS shall be protected by a circuit breaker disconnect. The disconnect
shall be externally operated and shall have an operator mechanism that is
an integral part of the enclosure. An operator mechanism shall be provided
to allow padlocking the disconnect in the "off" position with up to two
padlocks.

AC input fuses shall be provided on the line and/or load side of the SSS (if
required by the manufacturer) to isolate the SSS power circuitry upon a
fault condition.

Transient and surge voltage power line input protection shall be provided
for the SSS through use of metal oxide varistors (MOVs), surge protective
module, or other approved equal methods. Transient protection integral to
the SSS shall be provided to a minimum of 1,600 volts, 220 joules without
failure. The transient protection shall meet or exceed ANSI C7, 90-1971
and IEEE 472-1974 Standards without failure. Failure is defined as loss of
components in the SSS including power SCRs and fuses. The SSS shall be
protected from the following, as a minimum, power line transients and
recover to automatically restart and resume normal operation without
posting a fault:

a. Switching the primary of a power transformer.
b. Switching power factor correction capacitors “ON” and “OFF”
line.
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10.

11.

12.

c. De-energization or energization of contactors, relays, and other
power equipment from the power line.
d. Starting and stopping of other motors when powered from Utility.

Opening of the SSS’s input switches, or breakers while the SSS is
operating under load shall not result in damage to the SSS power or
control circuit components.

The SSS shall be capable of starting and operating without a motor load
connected.

Phase loss, reversal, undervoltage, overvoltage, and unbalance motor
protection shall be provided built in to the SSS.

External motor overload protection shall be required per drawings.
External overload shall use bimetallic heating strips and provide +/-15%
adjustment for full load amperage. Provide Cutler Hammer Freedom or
approved equal.

Any configuration of adjustments or controls not set by a switch or
potentiometer shall be stored in nonvolatile memory. No configuration
information shall be lost due to power failures of any duration.

The SSS shall be capable of starting into a rotating motor without tripping
out on a fault.

Digital Programmer/Controller (HIM) shall be provided and remote door
mounted. Remote serial interface shall be suitable for communication via
Allen-Bradley  standard protocol. Cable for remote digital
programmer/controller shall be supplied. The remote controller shall be
mounted and housed to maintain the NEMA 12 door rating.

Enclosure - All components shall be accessible from the front of the enclosure.
Rear or side access shall not be required in order to remove or service any
component. The enclosure shall include the following in its construction:

1.

The SSS shall incorporate fans for cooling. The air flow through the SSS
compartment shall provide proper cooling of the operating SSS at an
ambient temperature of 104° F. The thermostat shall be monitor and
regulate air temperature in the SSS enclosure. Thermostat shall have bi-
metallic adjustable set point range of 30 to 140° F. Thermostat shall have
a switching capacity of 10A at 120 VAC. Provide Hoffman A-TEMNO
temperature switch or approved equal to operate fans.

The complete SSS unit, including the enclosure assembly, shall be UL
listed for a minimum of 42;608 65,000 RMS symmetrical ampere fault
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withstand capability. SSS assemblies consisting of the SSS, enclosure and
all accessories that are not UL listed will not be approved.
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PART 3: EXECUTION

3.01

3.02

WORKMANSHIP

A.

All work in this Section shall conform to the codes and standards specified in
Section 16010 - Electrical.

The Supplier shall employ personnel that are skilled and experienced in the
startup and testing of all elements, equipment, devices, instruments, accessories,
and assemblies. All installation labor shall be performed by qualified personnel
who have had experience on similar projects. Provide first class workmanship for
all installations.

Ensure that all equipment and materials fit properly in their installations.

Electrical Section 16010 — GENERAL CONSTRUCTION METHODS and
GENERAL EQUIPMENT FABRICATION apply to the construction and
assembly of SSS’s.

Perform any required work to correct improper installations at no additional
expense to the OwnerGovernment.

All equipment installed by the Contractor shall be in accordance with the
Drawings and the manufacturer's recommendations and instructions. Follow
manufacturer's instructions for handling, receiving, installation, and pre-check
requirements prior to energization. After energization, follow manufacturer’s
instructions for programming, set-up and calibration of equipment. The
Contractor shall be responsible for, and shall correct by repair or replacement, at
his own expense, equipment that, in the opinion of the Engineer Contracting
Officer has been caused by faulty mechanical or electrical assembly by the
Contractor. Necessary tests to demonstrate that the electrical and mechanical
operation of the equipment is satisfactory and meets the requirements of these
Specifications shall be made by the Contractor at no additional cost to the Owner
Government.

QUALITY CONTROL

A.

The quality assurance and testing program shall at a minimum consist of the
following:

1. The SSS manufacturer certified ISO-9001 per standards from the
International Standards Organization.

0212a-16482.doc

RD784 Pump Station #2 Electrical Specifications
16482-9 Solid State Starter



3.03 FIELD ASSISTANCE

A. Testing, checkout and start-up of the solid state starter equipment shall be
performed under the technical direction of a factory trained authorized
representative. Under no circumstances are any portions of the starter circuit to
be energized without authorization from the manufacturer's factory service
engineer.

1. The setup and programming of the SSS shall be provided by a factory-
trained representative who is authorized by the SSS manufacturer to
perform the startup. This setup and programming shall be done prior to
and during the first application of power to the pump motor. The SSS
electronic motor overload protection shall be set to meet the NEC Code
requirements.

2. Provide testing as specified in Section 16600, FACTORY AND FIELD
TESTING.

B. Provide 1 hour of “SSS Setup” Training on operating and maintenance
procedures.

3.04 WARRANTY

A. Provide warranty as specified in Electrical Section 16010 - WARRANTY.

***END OF SECTION***
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