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**************************************************************************
NOTE:   Thi s gui de speci f i cat i on cover s t he 
r equi r ement s f or  pr eci pi t at i on/ coagul at i on 
/ f l occul at i on ( P/ C/ F)  syst ems wi t h f l ow r at es 
r angi ng f r om 4 t o 940 l i t er s 1 t o 250 gal l ons per  
minute.

Adher e t o UFC 1-300-02  Uni f i ed Faci l i t i es Gui de 
Speci f i cat i ons ( UFGS)  For mat  St andar d when edi t i ng 
t hi s gui de speci f i cat i on or  pr epar i ng new pr oj ect  
speci f i cat i on sect i ons.   Edi t  t hi s gui de 
speci f i cat i on f or  pr oj ect  speci f i c  r equi r ement s by 
addi ng,  del et i ng,  or  r evi s i ng t ext .   For  br acket ed 
i t ems,  choose appl i cabl e i t em( s)  or  i nser t  
appr opr i at e i nf or mat i on.

Remove i nf or mat i on and r equi r ement s not  r equi r ed i n 
r espect i ve pr oj ect ,  whet her  or  not  br acket s ar e 
present.

Comment s,  suggest i ons and r ecommended changes f or  
t hi s gui de speci f i cat i on ar e wel come and shoul d be 
submi t t ed as a Criteria Change Request (CCR) .

**************************************************************************

PART 1   GENERAL

**************************************************************************
NOTE:   Thi s Sect i on i s i nt ended f or  speci f i cat i on of  
PCF uni t  pr ocesses and i s speci f i cal l y appl i cabl e 
f or  r emedi at i on of  gr ound wat er  and l andf i l l  
l eachat e cont ai ni ng di ssol ved heavy met al s.   Thi s 
gui de speci f i cat i on shoul d not  be used unt i l  
t hor ough,  s i t e speci f i c  t r eat abi l i t y  st udi es ( j ar  
t est i ng)  have been per f or med,  c l ear l y demonst r at i ng 
t hat  P/ C/ F i s an appr opr i at e t r eat ment  t echni que 
t hat  can meet  t he per f or mance cr i t er i a set  f or t h i n 
t hi s Sect i on.

**************************************************************************
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1.1   REFERENCES

**************************************************************************
NOTE:   Thi s par agr aph i s used t o l i s t  t he 
publ i cat i ons c i t ed i n t he t ext  of  t he gui de 
speci f i cat i on.   The publ i cat i ons ar e r ef er r ed t o i n 
t he t ext  by basi c desi gnat i on onl y and l i s t ed i n 
t hi s par agr aph by or gani zat i on,  desi gnat i on,  dat e,  
and t i t l e.

Use t he Ref er ence Wi zar d' s Check Ref er ence f eat ur e 
when you add a Ref er ence I dent i f i er  ( RI D)  out si de of  
t he Sect i on' s Ref er ence Ar t i c l e t o aut omat i cal l y 
pl ace t he r ef er ence i n t he Ref er ence Ar t i c l e.   Al so 
use t he Ref er ence Wi zar d' s Check Ref er ence f eat ur e 
t o updat e t he i ssue dat es.

Ref er ences not  used i n t he t ext  wi l l  aut omat i cal l y 
be del et ed f r om t hi s sect i on of  t he pr oj ect  
speci f i cat i on when you choose t o r econci l e 
r ef er ences i n t he publ i sh pr i nt  pr ocess.

**************************************************************************

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by 
the basic designation only.

AMERICAN PETROLEUM INSTITUTE (API)

API Std 650 (2013; Errata 1 2013; Addendum 1 2014; 
Errata 2 2014; Addendum 2 2016; Addendum 3 
2018) Welded Tanks for Oil Storage

AMERICAN SOCIETY OF CIVIL ENGINEERS (ASCE)

ASCE 7 (2017) Minimum Design Loads for Buildings 
and Other Structures

AMERICAN WATER WORKS ASSOCIATION (AWWA)

AWWA 10084 (2017) Standard Methods for the 
Examination of Water and Wastewater

AWWA D100 (2011) Welded Steel Tanks for Water Storage

AWWA D103 (2009; Errata 2010; Addenda 2014) 
Factory-Coated Bolted Steel Tanks for 
Water Storage

AMERICAN WELDING SOCIETY (AWS)

AWS A2.4 (2012) Standard Symbols for Welding, 
Brazing and Nondestructive Examination

ASME INTERNATIONAL (ASME)

ASME B40.100 (2013) Pressure Gauges and Gauge 
Attachments
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ASTM INTERNATIONAL (ASTM)

ASTM A36/A36M (2014) Standard Specification for Carbon 
Structural Steel

ASTM A283/A283M (2013) Standard Specification for Low and 
Intermediate Tensile Strength Carbon Steel 
Plates

ASTM C582 (2009) Contact-Molded Reinforced 
Thermosetting Plastic (RTP) Laminates for 
Corrosion-Resistant Equipment

ASTM D2035 (20132019) Standard Practice for 
Coagulation-Flocculation Jar Test of Water

ASTM D3299 (2010) Filament-Wound 
Glass-Fiber-Reinforced Thermoset Resin 
Corrosion-Resistant Tanks

INTERNATIONAL SOCIETY OF AUTOMATION (ISA)

ANSI/ISA 5.1 (2009) Instrumentation Symbols and 
Identification

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA MG 1 (2016; SUPP 20162018) Motors and Generators

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 (2017; ERTA 1-2 2017; TIA 17-1; TIA 17-2; 
TIA 17-3; TIA 17-4; TIA 17-5; TIA 17-6; 
TIA 17-7; TIA 17-8; TIA 17-9; TIA 17-10; 
TIA 17-11; TIA 17-12; TIA 17-13; TIA 
17-14; TIA 17-15; TIA 17-16; TIA 17-17 ) 
National Electrical Code

NATIONAL INSTITUTE OF STANDARDS AND TECHNOLOGY (NIST)

NIST SP 250 (1991) Calibration Services Users Guide

U.S. DEPARTMENT OF DEFENSE (DOD)

UFC 3-310-04 (2013; with Change 1, 2016) Seismic Design 
of Buildings

1.2   P/C/F SYSTEM  DESCRIPTION

**************************************************************************
NOTE:   The syst em descr i bed i n t hi s par agr aph 
i ncl udes t he P/ C/ F equi pment  r equi r ed f or  a wat er  
t r eat ment  pl ant  t o r emove di ssol ved met al s.   The 
syst em can be a st and- al one syst em,  or  i t  can be a 
pr et r eat ment  syst em f or  ot her  syst ems such as ai r  
st r i ppi ng,  advanced oxi dat i on,  act i vat ed car bon,  
et c.   Anci l l ar y P/ C/ F equi pment  whi ch may be 
r equi r ed f or  pr e- t r eat ment  or  post - t r eat ment  of  t he 
wat er  i s al so descr i bed and i ncl udes an equal i zat i on 
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uni t ,  an oxi dat i on/ r educt i on uni t ,  a c l ar i f i cat i on 
uni t ,  a post - pH adj ust ment  uni t ,  and an ef f l uent  
hol di ng uni t .   The pr eci pi t at i on,  coagul at i on,  and 
f l occul at i on uni t s may be suppl i ed by t he Cont r act or  
as i ndi v i dual  pi eces of  equi pment  or  as a s i ngl e,  
i nt egr al  uni t .   Typi cal l y,  i f  a s i ngl e uni t  i s  
suppl i ed,  i t  wi l l  i ncor por at e t he coagul at i on,  
f l occul at i on,  and pr eci pi t at i on equi pment  wi t hi n a 
c l ar i f i cat i on uni t .   Al t er nat el y,  a uni t  may be 
suppl i ed whi ch per f or ms t wo of  t he pr ocesses,  e. g. ,  
pr eci pi t at i on and coagul at i on wi t hi n one uni t .

Thi s par agr aph shoul d be edi t ed t o i dent i f y onl y t he 
necessar y equi pment  t o sui t  condi t i ons at  t he 
pr oj ect  s i t e.   The desi gn t eam shoul d r evi ew 
t r eat ment  obj ect i ves,  wat er  char act er i zat i on dat a,  
and r esul t s of  pr evi ousl y conduct ed t r eat abi l i t y  
t est i ng and ot her  pr edesi gn i nf or mat i on t o det er mi ne 
t he equi pment  r equi r ed.

**************************************************************************

The Precipitation/Coagulation/Flocculation (P/C/F) system shall be a fully 
integrated water treatment plant which shall remove dissolved heavy metals 
and solids from [groundwater] [and] [landfill leachate] [_____].  The 
system shall include equipment for [flow equalization,] wastewater 
conveyance, precipitation, coagulation, flocculation, clarification, 
[post-pH adjustment,] and treated effluent storage required to meet the 
specified performance requirements.  The P/C/F system shall be complete 
with required instruments, controls, and local control panels.  A main 
control center shall be provided to facilitate the overall control of the 
treatment plant.  All parts shall be factory or shop preassembled to the 
maximum extent possible, compatible with transportation limitations and 
equipment protection considerations.  Field assembly shall be minimized to 
the assembly of match-marked components.  Submit installation instructions 
and framed, typed operating instructions for posting and explaining 
methods of checking the system for startup and normal safe operations, 
normal and emergency shutdown operations, and procedures for safely 
starting and stopping each piece of equipment within the system.

1.2.1   Equalization Unit

Equalization unit shall include [one tank] [[_____] tanks] with 
accessories, mixers, piping, valves, [pumps,] motors, and instrumentation 
and controls to provide a constant flow and contaminant concentration to 
the subsequent treatment equipment.  All components of the unit shall be 
furnished as shown on the drawings.

1.2.2   Oxidation/Reduction Unit

**************************************************************************
NOTE:   Del et e t hi s par agr aph i f  t he cont ami nant s i n 
t he wat er  t o be t r eat ed do not  i ncl ude met al s whi ch 
r equi r e r educt i on pr i or  t o pr eci pi t at i on ( e. g. ,  
chr omi um 6+) ,  or  met al s whi ch r equi r e oxi dat i on 
pr i or  t o pr eci pi t at i on ( e. g. ,  i r on or  manganese) .

**************************************************************************

[Reduction unit shall include a mix tank, a mixer, a chemical feed system 
for acid addition, a chemical feed system for the reducing agent addition, 
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piping, valves, pumps, motors, pH controls, oxidation-reduction potential 
(ORP) controls, and other instrumentation and controls as indicated on the 
drawings.]  [Oxidation unit shall include a mix tank, a mixer, a chemical 
feed system for oxidant addition, piping, valves, pumps, motors, 
oxidation-reduction potential (ORP) controls, and other instrumentation 
and controls as indicated on the drawings.]

1.2.3   Precipitation Unit

Precipitation unit shall include a mix tank, a mixer, a chemical feed 
system for the precipitant addition, piping, valves, pumps, motors, pH 
controls, and other instrumentation and controls as indicated on the 
drawings.

1.2.4   Coagulation Unit

Coagulation unit shall include a mix tank, a mixer, a chemical feed system 
for the coagulant addition, piping, valves, pumps, motors, and 
instrumentation and controls as indicated on the drawings.

1.2.5   Flocculation Unit

Flocculation unit shall include a tank with accessories (e.g., nozzles, 
supports, lifting lugs, etc.), a mixer, a chemical feed system for the 
coagulant aid addition, piping, valves, pumps, motors, and instrumentation 
and controls as indicated on the drawings.

1.2.6   Clarification Unit

Clarification unit shall include an inclined plate or tube type settler 
with all necessary accessories (e.g., inlet distribution system, separator 
module, skimmer, etc.), [a thickener,] a sludge removal system, piping, 
valve, pumps, motors, and instrumentation and controls as indicated on the 
drawings.

1.2.7   Post-pH Adjustment Unit

Post-pH adjustment unit shall include piping, chemical feed systems for 
both acid and base addition, and in-line pH instrumentation and controls 
as indicated on the drawings.

1.2.8   Effluent Holding Unit

[One effluent holding tank] [[_____] effluent holding tanks] shall be 
supplied to store treated water for testing prior to discharging.  Tanks 
shall include all piping, valves, sample taps, pumps, and instrumentation 
and controls as indicated on the drawings.

1.3   PERFORMANCE REQUIREMENTS

**************************************************************************
NOTE:   The desi gner ,  i n consul t at i on wi t h t he 
appr opr i at e t echni cal  t eam per sonnel ,  shoul d use t he 
t r eat abi l i t y  t est i ng r esul t s and ot her  pr edesi gn 
i nf or mat i on t o set  i nf l uent  par amet er s,  such as 
maxi mum and mi ni mum gr ound wat er  and l andf i l l  
l eachat e f l ow r at es,  maxi mum and mi ni mum 
t emper at ur es,  pH,  v i scosi t y,  densi t y,  and maxi mum 
and mi ni mum i nf l uent  met al s and sol i ds 
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concent r at i ons.   The r equi r ed ef f l uent  qual i t y i s 
t ypi cal l y est abl i shed by f eder al ,  st at e,  or  l ocal  
agency per mi t  or  r egul at i on.

The desi gner  shoul d consi der  t hat  f ugi t i ve emi ssi ons 
f r om l andf i l l  l eachat es or  cont ami nat ed gr oundwat er  
may have vol at i l e component s.   Feder al ,  st at e,  or  
l ocal  ai r  r egul at i ons shoul d be consul t ed t o 
est abl i sh al l owabl e ai r  emi ssi ons f or  t he P/ C/ F 
system.

Per f or mance r equi r ement s f or  t he Cont r act or  wi l l  
i ndi cat e t hat  t he suppl i ed equi pment  must  be 
oper at ed t o meet  t he r equi r ed ef f l uent  qual i t y.   
Per f or mance r equi r ement s f or  t he Cont r act or  st at ed 
i n t hi s par agr aph shoul d onl y appl y t o t he 
per f or mance of  t he compl et e syst em and not  
i ndi v i dual  pi eces of  equi pment .   Per f or mance 
cr i t er i a and mi ni mum equi pment  st andar ds f or  
speci f i c  equi pment  shoul d be l i s t ed under  PART 2 
PRODUCTS,  wher e appl i cabl e.

Fl ow r at es speci f i ed f or  t he P/ C/ F syst em shoul d be 
consi st ent  wi t h t he pumpi ng r at es r equi r ed by 
Section 23 21 23 HYDRONI C PUMPS or  22 13 29 SANI TARY 
SEWERAGE PUMPS.

**************************************************************************

Provide a P/C/F system which is capable of processing [ground water] 
[landfill leachate] [_____] at the conditions provided below:

Flow Rate

Maximum [_____]  L  gal  per minute

Minimum [_____]  L  gal  per minute

Temperatures

Maximum [_____] degrees  C  F

Minimum [_____] degrees  C  F

Influent/Effluent pH

Maximum Influent [_____]

Minimum Influent [_____]

Maximum Effluent [_____]

Minimum Effluent [_____]

Liquid Properties
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Liquid Viscosity [_____]  centipoise  lb-sec/(sq. ft.)

Liquid Density [_____] gm/ml at [_____] degrees  C  F

Maximum Air Emissions

Particulates [_____] ppmv

Volatile Organic Compounds [_____] ppmv

[_____] [_____] ppmv

Space Availability

Maximum Area [[_____]  m feet  by [_____]  m feet ]
[[_____] square  meters  feet ]

Maximum Height  [_____]  m feet

The P/C/F system shall be capable of meeting the maximum effluent metals 
and solids concentrations achieved in the previously conducted 
treatability testing (report appended to this specification), as listed 
below at the indicated maximum concentrations.  Influent and effluent 
solids are as determined in accordance with Part 2000 Physical and 
Aggregate Properties, and metals as determined in accordance with Part 
3000 METALS of AWWA 10084:

Maximum Influent
Concentration mg/L

Maximum Effluent
Concentration mg/L

Total Cadmium [_____] [_____]

Hexavalent Chromium [_____] [_____]

Total Chromium [_____] [_____]

Total Copper [_____] [_____]

Total Iron [_____] [_____]

Total Lead [_____] [_____]

Total Mercury [_____] [_____]

Total Nickel [_____] [_____]

Total Silver [_____] [_____]

Total Zinc [_____] [_____]

TSS [_____] [_____]
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Maximum Influent
Concentration mg/L

Maximum Effluent
Concentration mg/L

TDS [_____] [_____]

P/C/F system instrumentation and controls shall have the necessary 
accuracy and sensitivity to measure and control the operating ranges of 
the specified equipment.  Sampling and analysis shall be performed in 
accordance with [_____].

1.4   RESULTS OF PREVIOUSLY CONDUCTED TREATABILITY STUDIES

**************************************************************************
NOTE:   Tr eat abi l i t y  t est i ng r epor t s shoul d be 
appended t o t hi s speci f i cat i on t o enabl e t he 
Cont r act or  t o make a f ul l  eval uat i on of  t he t est i ng 
met hodol ogi es used,  t he r esul t s of  t he t est i ng,  and 
t o eval uat e t he compl et eness of  necessar y dat a 
gat her i ng.   The Cont r act or  wi l l  use t hese 
t r eat abi l i t y  t est i ng r epor t s al ong wi t h t he r equi r ed 
ef f l uent  qual i t y t o sel ect  t he speci f i c  P/ C/ F 
equi pment  ( i ncl udi ng anci l l ar y equi pment )  r equi r ed 
t o meet  t he speci f i ed per f or mance r equi r ement s.

**************************************************************************

Even though methodologies and results of the previously conducted 
treatability studies in Appendix [_____] have demonstrated that P/C/F is 
capable of meeting the post treatment criteria identified in this section, 
perform an independent evaluation of these studies and results in 
accordance with ASTM D2035.  Based on the Contractor's own interpretation 
of all treatability study results, provide a full scale treatment plant 
which meets the performance requirements identified in this section.

1.5   UTILITIES

**************************************************************************
NOTE:   The l ocat i ons and det ai l s ( such as ut i l i t y  
poi nt  of  cont act ,  s i zes,  capaci t i es,  and f l ows)  of  
t he ut i l i t y  hookups shoul d be pr ovi ded on t he 
dr awi ngs f or  t he Cont r act or  t o use.

**************************************************************************

Provide the utilities associated with the installation and operation of 
the treatment plant including, but not limited to: telephone, electricity, 
water, [gas], sanitary and solid waste facilities.  The [telephone] 
[electricity] [_____], [steam] [water] [gas] [sanitary] [_____], and 
[solid waste facilities] [_____] are available at the site.  Refer to the 
drawings for hookup locations.

1.6   OTHER SUBMITTAL REQUIREMENTS

The following shall be submitted:

a.  Detailed drawings of clarifiers showing the dimensions, nozzle 
orientation and elevations, interconnecting piping, equipment layout, 
hydraulic profile, and other details required to demonstrate that the 
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unit has been coordinated and will properly function as part of the 
overall P/C/F system.   Drawings shall show proposed layout, 
foundation requirements, anchorage of equipment and accessories, 
installation/connection details, and equipment relationship to other 
parts of the work including clearances for installation, maintenance 
and operation.  Submit manufacturer's descriptive data, 
specifications, technical literature, utility requirements, 
performance charts and curves, and catalog cuts for the clarifier.

b.  Electrical one-line diagrams for instrumentation and controls, 
illustrating all electrical components (motor controls, disconnects, 
starters, selector switches, pushbuttons, pilot lights, conduit, wire, 
etc.), electrical load analyses, cable and conduit schedules 
(including conduit designation, materials of construction, 
descriptions for each conduit of the end points of each conduit 
segment in a run, wire count by number, type and size, wire length, 
etc.), and complete control ladder logic diagrams.  All control ladder 
logic diagrams shall be fully coordinated between components and 
ladder rungs to illustrate component tag names for all relays, timers, 
selector switches, pushbuttons, pilot lights, etc.  All wires and 
terminals shall be number tagged.  Terminal designations shall 
distinguish between terminals contained within differing enclosures 
such as control panels, equipment enclosures, motor control centers, 
etc.  All auxiliary relay contacts shall be illustrated and 
designated.  All ladder rungs shall be numbered with cross referencing 
between all associated rungs.  A narrative description shall be fully 
coordinated with the ladder logic diagrams so as to fully describe all 
control operations, sequences, interlocks, alarms, and shutdowns for 
the P/C/F system including, but not limited to, flow control systems, 
level control systems, pH/ORP control systems, chemical addition 
control systems, pump/valve controls, alarm and shutdown schemes, PLC 
input/output points, and all component interlocking.  Locations of all 
control panels, equipment enclosures, motor control centers, etc. 
shall be designated on an equipment layout drawing.  Submit 
manufacturer's descriptive data, specifications, technical literature, 
utility requirements, performance charts and curves, and catalog cuts 
for each instrument and control component supplied.

c.  A pre-startup test plan identifying the procedures and methods that 
will be used to verify the integrity, calibration, and operability of 
the equipment, piping, electrical wiring, and instruments and control 
systems.   The plan shall specify acceptance criteria and tolerances 
to be achieved during the pre-startup testing.

d.  A list of the P/C/F system and specify its required performance 
criteria when operated using contaminated water.  The test plan shall 
describe the operating procedures to be followed during the test 
period including detailed descriptions of the measurements, record 
keeping, sampling and analyses to be performed to document that 
performance criteria has been achieved.  The plan shall address 
full-scale operation of all equipment, piping, electrical wiring, and 
instruments and control systems included in the P/C/F system.

e.  Manufacturer's certificates attesting that the equipment meets the 
specified requirements.  The statement shall be dated after the award 
of the contract, shall state the Contractor's name and address, shall 
name the project and location, and shall list the specific 
requirements which are being certified.  Certificate shall indicate 
the methods of testing used.
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f.  [Six] [_____] copies of operation and maintenance manuals for the 
P/C/F system containing the manufacturer's operating and maintenance 
instructions for each piece of equipment.  Provide one complete set 
prior to the performance of the field test (see Paragraph Tests); 
submit the remaining sets prior to startup.  Furnish each set in loose 
leaf three-hole ring binders.  Inscribe the following identification 
on the covers:  the words "OPERATING AND MAINTENANCE INSTRUCTIONS," 
name of equipment, name and location of the building, name of the 
Contractor, and contract number.  Place cover sheets before 
instructions identifying each subject.  Use standard letter size paper 
for instruction sheets, with larger sheets of drawings folding in to 
approximately the same size.  Include, but do not limit the 
instructions to the following:

(1)  System layout detailing piping, valves, and controls.

(2)  Approved wiring and control ladder logic diagrams prepared in 
accordance with ANSI/ISA 5.1  including a drawing index, legend and 
symbols list, and abbreviation and identifiers.

(3)  A narrative control sequence describing startup, operation, and 
normal and emergency shutdown.  This information shall include the 
detailed operational narrative described in Paragraph Control 
System.

(4)  Operating instructions for each equipment, instruments and 
control system including process monitoring requirements and 
recommendations for operations reporting to document the results 
of all process monitoring.

(5)  Maintenance instructions for each piece of equipment, including 
lubrication instructions and a troubleshooting guide to help the 
operator determine what steps shall be taken to correct 
anticipated problems that may occur in the system.

(6)  Manufacturer's bulletins, cut sheets and descriptive data of 
equipment; these shall be submitted after approval of detail 
drawings, and not later than [2] [_____] months prior to delivery 
of the system.

1.7   SUBMITTALS

**************************************************************************
NOTE:   Revi ew submi t t al  descr i pt i on ( SD)  def i ni t i ons 
i n Sect i on 01 33 00 SUBMI TTAL PROCEDURES and edi t  
t he f ol l owi ng l i s t  t o r ef l ect  onl y t he submi t t al s 
r equi r ed f or  t he pr oj ect .

The Gui de Speci f i cat i on t echni cal  edi t or s have 
desi gnat ed t hose i t ems t hat  r equi r e Gover nment  
appr oval ,  due t o t hei r  compl exi t y or  cr i t i cal i t y,  
wi t h a " G. "   Gener al l y,  ot her  submi t t al  i t ems can be 
r evi ewed by t he Cont r act or ' s Qual i t y Cont r ol  
Syst em.   Onl y add a “ G”  t o an i t em,  i f  t he submi t t al  
i s  suf f i c i ent l y i mpor t ant  or  compl ex i n cont ext  of  
t he pr oj ect .

For  submi t t al s r equi r i ng Gover nment  appr oval  on Ar my 
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pr oj ect s,  a code of  up t o t hr ee char act er s wi t hi n 
t he submi t t al  t ags may be used f ol l owi ng t he " G"  
desi gnat i on t o i ndi cat e t he appr ovi ng aut hor i t y.   
Codes f or  Ar my pr oj ect s usi ng t he Resi dent  
Management  Syst em ( RMS)  ar e:   " AE"  f or  
Ar chi t ect - Engi neer ;  " DO"  f or  Di st r i ct  Of f i ce 
( Engi neer i ng Di v i s i on or  ot her  or gani zat i on i n t he 
Di st r i ct  Of f i ce) ;  " AO"  f or  Ar ea Of f i ce;  " RO"  f or  
Resi dent  Of f i ce;  and " PO"  f or  Pr oj ect  Of f i ce.   Codes 
f ol l owi ng t he " G"  t ypi cal l y ar e not  used f or  Navy,  
Ai r  For ce,  and NASA pr oj ect s.

The " S"  f ol l owi ng a submi t t al  i t em i ndi cat es t hat  
t he submi t t al  i s  r equi r ed f or  t he Sust ai nabi l i t y  
eNot ebook t o f ul f i l l  f eder al l y mandat ed sust ai nabl e 
r equi r ement s i n accor dance wi t h Sect i on 01 33 29 
SUSTAI NABI LI TY REPORTI NG.   Locat e t he " S"  submi t t al  
under  t he SD number  t hat  best  descr i bes t he 
submi t t al  i t em.

Choose t he f i r st  br acket ed i t em f or  Navy,  Ai r  For ce 
and NASA pr oj ect s,  or  choose t he second br acket ed 
i t em f or  Ar my pr oj ect s.

**************************************************************************

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for [Contractor Quality 
Control approval.] [information only.  When used, a designation following 
the "G" designation identifies the office that will review the submittal 
for the Government.]  Submittals with an "S" are for inclusion in the 
Sustainability eNotebook, in conformance to Section 01 33 29  
SUSTAINABILITY REPORTING.  Submit the following in accordance with Section 
01 33 00  SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Tanks ; G[, [_____]]
Mixers ; G[, [_____]]
Clarifiers ; G[, [_____]]
Instrumentation and Control ; G[, [_____]]
Structural Skids ; G[, [_____]] .

SD-03 Product Data

Tanks ; G[, [_____]]
Mixers ; G[, [_____]]
Clarifiers ; G[, [_____]] .
Instrumentation and Control ; G[, [_____]]
Spare Parts
Regulatory Requirements
Pre-startup Testing ; G[, [_____]] .
Startup and Operation ; G[, [_____]]
Proof of Performance ; G[, [_____]]
P/C/F System ; G[, [_____]]
Qualifications

SD-06 Test Reports

Tests .
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Field Quality Control

SD-07 Certificates

Equipment Certificate of Conformance

SD-10 Operation and Maintenance Data

Operation and Maintenance Manual Updates

1.8   QUALITY ASSURANCE

**************************************************************************
NOTE:   The desi gner  shoul d r evi ew al l  f eder al ,  
st at e,  and l ocal  r egul at i ons t o det er mi ne t he 
appl i cabl e r egul at i ons whi ch may i mpact  t he desi gn 
of  t he P/ C/ F syst em.   Speci f i cal l y,  wat er  
r egul at i ons shoul d be r evi ewed t o det er mi ne t he 
r equi r ed ef f l uent  qual i t y f or  a speci f i c  s i t e.   Ai r  
r egul at i ons shoul d be r evi ewed t o det er mi ne i f  t ank 
cover s,  vent s,  and emi ssi on cont r ol  devi ces ar e 
r equi r ed.   Hazar dous wast e r egul at i ons,  whi ch cover  
t ank st andar ds and secondar y cont ai nment ,  may appl y 
wher e t he gr oundwat er  or  l eachat e bei ng t r eat ed i s 
c l assi f i ed as a hazar dous wast e.

**************************************************************************

1.8.1   Regulatory Requirements

Obtain all permits, certifications, and/or meet the regulatory 
requirements necessary for the configuration, installation, startup, and 
operation of the treatment plant.  Work shall meet or exceed applicable 
minimum requirements established by federal, state, and local laws and 
regulations.  Notify the Contracting Officer within 30 days of a change in 
regulatory requirements which may affect the contract.  Submit permits, 
certifications, and/or substantive regulatory requirements before work 
starts plus copies of applications for permits and certifications not 
required until later, along with a schedule for obtaining them.  
Equipment, raw materials (including reagents/additives), contaminated 
materials, and treated materials shall be safely transported, stored, and 
handled in accordance with Sections 02 81 00  TRANSPORTATION AND DISPOSAL 
OF HAZARDOUS MATERIALS and 01 35 29.13  HEALTH, SAFETY, AND EMERGENCY 
RESPONSE PROCEDURES FOR CONTAMINATED SITES.

1.8.2   Qualifications

Contractor and subContractors shall demonstrate that their capabilities 
and experience with similar P/C/F systems and applications are adequate to 
supply, install, and operate a P/C/F system to remediate [ground water] 
[and] [landfill leachate] [_____] by providing descriptions of at least 
[2] [_____] P/C/F full-scale remediation projects.  Provide a field team 
(consisting of [ground water] [and] [landfill leachate] [_____] unit 
operators, quality control personnel, health and safety personnel, 
supervisory engineering, and technical staff) qualified to install and 
operate the treatment system.  Field team personnel shall have a minimum 
of [_____] years experience in the installation and operation of similar 
treatment systems and shall show evidence of satisfactory operation for 
each installation.  Welding procedures and welders shall be qualified in 
accordance with the code under which the welding is specified to be 
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accomplished.  Submit [one] [_____] [copy] [copies] of qualified 
procedures and list of identification symbols and names of certified 
welders and welding operators prior to the commencement of welding 
operations.

1.9   DELIVERY, STORAGE, AND HANDLING

Equipment delivered and placed in storage shall be stored with protection 
from the weather, excessive humidity and temperature variation, and dirt, 
dust or other contaminants.

1.10   SITE CONDITIONS

1.10.1   Ambient Conditions

**************************************************************************
NOTE:   When t emper at ur es ar e bel ow f r eezi ng,  t he 
t r eat ment  pl ant  equi pment  may not  f unct i on pr oper l y 
and ef f i c i ent l y.   The gener al  pr act i ce i s t o avoi d 
t he oper at i on of  an out door  t r eat ment  pl ant  dur i ng 
ext r eme wi nt er  weat her .   I n pl aces wher e t her e i s a 
l ong wi nt er  season or  i n pr oj ect s wher e pl ant  
oper at i on i s r equi r ed t hr oughout  t he year  t o meet  
t he pr oj ect  schedul e,  t he r emedi at i on act i v i t i es 
shoul d be per f or med i nsi de a bui l di ng wi t h pr oper  
heat i ng and vent i l at i on.   For  out door  oper at i ons,  
pi pi ng and equi pment  shoul d be desi gned wi t h f r eeze 
pr ot ect i on by i nsul at i on and heat - t r aci ng.

**************************************************************************

P/C/F system shall [be operated continuously] [not be operated] [_____] 
during the winter when temperatures reach freezing or below.  The system 
shall be installed [outdoor] [indoor] [_____].  Outdoor equipment shall 
have [insulation] [_____] and [heat tracing] [_____].  The system shall be 
equipped with sufficient lighting as shown on the drawings for security 
purposes and for treatment plant operation during inadequate daylight or 
at night.  Refer to Sections 23 09 00  INSTRUMENTATION AND CONTROL FOR HVAC 
and 26 56 00  EXTERIOR LIGHTING for proper heating, ventilation, air 
conditioning, and illumination.

1.10.2   Existing Conditions

**************************************************************************
NOTE:   Pr ovi de sei smi c r equi r ement s,  i f  a Gover nment  
desi gner  ( ei t her  Cor ps of f i ce or  A/ E)  i s t he 
Engi neer  of  Recor d,  and show on t he dr awi ngs.   
Del et e t he second br acket ed phr ase at  t he end of  
t hi s par agr aph i f  sei smi c det ai l s ar e not  pr ovi ded.   
Per t i nent  por t i ons of  UFC 3- 310- 04 and Sect i ons 
13 48 00 [ SEI SMI C]  BRACI NG FOR MI SCELLANEOUS 
EQUI PMENT and 23 05 48. 19 [ SEI SMI C]  BRACI NG FOR 
HVAC,  pr oper l y edi t ed,  must  be i ncl uded i n t he 
cont r act  document s.

**************************************************************************

The P/C/F system shall operate in a [remote] [urban] [industrial] 
[commercial] [residential] setting.  Contractor shall become familiar with 
the existing site conditions, including site location, site configuration, 
topography, climate, site accessibility, and adjacent land use.  The P/C/F 
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system shall be designed for a soil bearing capacity of [_____]  MPa psf .  
Seismic protection shall be [in accordance with UFC 3-310-04 ] [as shown on 
the drawings].

PART 2   PRODUCTS

**************************************************************************
NOTE:   The desi gner  shoul d r evi ew t he met hodol ogi es 
and r esul t s of  t he pr evi ousl y conduct ed t r eat abi l i t y  
t est i ng and ot her  pr edesi gn i nf or mat i on,  al ong wi t h 
t he r equi r ed ef f l uent  qual i t y,  t o det er mi ne t he 
t ypes and si zes of  equi pment ,  t he chemi cal s,  and 
chemi cal  dosages t o be speci f i ed.

As a mi ni mum,  t he desi gner  shoul d pr ovi de a pr ocess 
f l ow di agr am ( PFD) ,  a pi pi ng and i nst r ument at i on 
di agr am ( P&I D) ,  an i nst r ument  i ndex,  a s i t e l ayout  
dr awi ng,  and an equi pment  l ayout  dr awi ng.   The PFD 
shoul d depi ct  t he P/ C/ F and anci l l ar y equi pment  
r equi r ed f or  t he speci f i c  wat er  t o be t r eat ed and 
di spl ay t he pr ocess desi gn condi t i ons f or  each 
uni t .   Such pr ocess desi gn condi t i ons shoul d i ncl ude 
consi der at i on of  mi ni mum,  aver age,  and maxi mum 
val ues of  each si gni f i cant  par amet er  ( e. g.  pr essur e,  
t emper at ur e,  f l ow r at e,  et c. ) .   The P&I D shoul d 
def i ne al l  pi pi ng and i nst r ument at i on of  t he syst em 
and shoul d i ncl ude descr i pt i ve t ag names f or  al l  
pi pi ng and f i t t i ngs i ncl udi ng mat er i al s of  
const r uct i on,  t ag number ,  and l i ne s i ze.   The P&I D 
dr awi ngs shoul d al so i ncl ude t ag number s f or  al l  
i nst r ument s i n accor dance wi t h ANSI / I SA 5. 1.   The 
i nst r ument  i ndex shoul d i ncl ude dr awi ngs det ai l i ng 
t he t ypes of  i nst r ument s t o be used,  t hei r  r ange and 
scal e,  r el at ed appur t enances,  and t hei r  associ at ed 
t ag number s;  al l  such i nf or mat i on must  be 
coor di nat ed wi t h t he P&I D.

The desi gner  shoul d ver i f y t hat  t he appr opr i at e 
( on/ of f ,  pr opor t i onal ,  set  poi nt ,  et c. )  cont r ol l er  
t o be used i n t he P/ C/ F syst em f or  chemi cal  f eed 
cont r ol  i s  speci f i ed i n Sect i on 46 30 00 WATER AND 
WASTEWATER CHEMI CAL FEED SYSTEMS.   The desi gner  
shoul d pr ovi de a s i t e l ayout  dr awi ng t o i ndi cat e t o 
an equi pment  suppl i er  what  t he gener al  l ocat i on of  
t he equi pment  wi l l  be and how much space i s 
avai l abl e f or  t he pr oposed equi pment .   The desi gner  
shoul d al so pr ovi de a det ai l ed equi pment  l ayout  
dr awi ng t hat  i dent i f i es al l  t he maj or  equi pment  and 
t hei r  r el at ed or i ent at i ons i nsi de t he si t e pl an.   
Thi s equi pment  l ayout  dr awi ng shoul d i ndi cat e wher e 
of f - s i t e pi pi ng and ut i l i t y  l i nes ent er  and/ or  l eave 
t he si t e.   I f  t he equi pment  l ayout  dr awi ng i s onl y a 
suggest i on or  r ecommendat i on t o t he Cont r act or ,  t he 
desi gner  shoul d so st at e on t he dr awi ng.

**************************************************************************

2.1   STANDARD PRODUCTS

Provide materials and equipment which are the standard products of a 
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manufacturer regularly engaged in the manufacture of such products and 
that essentially duplicate items that have been in satisfactory use for at 
least 2 years prior to bid opening.  Equipment shall be new and unused, 
except for test equipment.  Where two or more pieces of equipment 
performing the same function are required, they shall be products of the 
same manufacturer.  Equipment shall be supported by a service organization 
that is, in the opinion of the Contracting Officer, capable of providing 
service, materials, and equipment in an expedient manner.

2.2   TANKS

Submit detailed drawings of each tank showing the dimensions, nozzle 
orientations and elevations, interconnecting piping, equipment layout, 
hydraulic profile, and any other detail required to demonstrate that the 
tank has been coordinated and will properly function as a part of the 
overall P/C/F system.  Drawings shall show proposed layout, foundation 
requirements, anchorage of equipment and accessories, 
installation/connection details, and equipment relationship to other parts 
of the work including clearances for installation, maintenance and 
operation.  Submit manufacturer's descriptive data, specifications, 
technical literature, and catalog cuts for each tank supplied.

2.2.1   General Requirements

**************************************************************************
NOTE:   When r equi r ed by t he cor r osi ve nat ur e of  
st or ed wat er ,  l ack of  pr oper  mai nt enance f aci l i t i es,  
or  by c l i mat i c condi t i ons,  t hi s par agr aph wi l l  be 
modi f i ed t o pr ovi de f or  cor r osi on al l owance.

Det er mi ne basi c wi nd speed f r om ASCE- 7.   The 
desi gner  wi l l  choose bet ween t he AWWA and API  
pr ocedur es.   Use 1200 Pa 25 psf  snow l oad f or  most  
heavy snow cl i mat es;  del et e snow l oad wher e maxi mum 
snow i s i nsi gni f i cant .   I n some cases,  l ocal  c l i mat e 
and t opogr aphy wi l l  di ct at e t hat  a val ue gr eat er  t han
 1200 Pa 25 psf  be used f or  snow l oadi ng.

I n some appl i cat i on,  wast ewat er s may r equi r e c l osed 
t anks t o cont ai n and/ or  cont r ol  ai r  emi ssi ons.   VOCs 
f r om l andf i l l  l eachat e or  gr oundwat er  f r om 
cont ami nat ed pl umes can r equi r e c l osed t anks f or  t he 
ent i r e syst em.   Show al l  pr ocess nozzl es,  spar e 
nozzl es,  vent s,  dr ai ns,  and manhol es on t he P&I D.   
I f  t anks ar e l ocat ed i nsi de a r oom or  bui l di ng,  t he 
desi gner  can del et e t he wi nd l oadi ng r equi r ement s.

**************************************************************************

Use manufacturer's standard size tanks whenever possible.  Tank 
construction material and paints, coatings, or liners shall be compatible 
with the wastewater to be stored.  Tank dimensions shall be selected to 
fit the available space as shown on the drawings.  Unless noted otherwise 
on the drawings, each tank shall include, flanged fittings for inlet, 
outlet, overflow, and drain.  Manholes shall be provided when shown on the 
drawings.  Hold down lugs shall be provided to anchor the tank to the 
base.  Influent and effluent baffles and weirs shall be provided to avoid 
short circuiting.  Tank geometry shall be combined with mixer design to 
avoid dead spots and excessive turbulence relative to internal tank 
baffles and mixer orientation.  Complete mixing shall be provided.  Tanks 
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to be supplied as part of the P/C/F system shall meet the following 
nominal size requirements:

Type of tank Design Hydraulic Retention Time (HRT)

Minimum Maximum

Equalization Tank [2]  [_____] hrs

Oxidation/Reduction Tank [5]  [_____] min

Precipitation Tank [5]  [_____] min

Coagulation Tank [1]  [_____] min [2] [_____] min

Flocculation Tank [20] [_____] min

Effluent Holding Tank [5]  [_____] min

[_____] [_____] min

Design, fabrication, and erection of the tank shall be in accordance with [
AWWA D100] [ API Std 650 ] [ AWWA D103] except as modified herein.  Minimum 
equipment design life: [_____] years.  Tanks shall be designed for a 
[basic wind speed of [_____]  km/hour  mph  in accordance with ASCE 7 or 
designed in accordance with [ AWWA D100] [ AWWA D103] [ API Std 650 ] wind 
load design, whichever provides the greater pressure.] [snow load of [ 1200 
Pa 25 psf ] [[_____]  kPa  psf ].]  Factor of safety on overturning of 
elevated tanks under design wind load shall be 1.33 minimum.  When a 
footing is required, an inverted truncated pyramid of earth with 2 on 1 
side slopes above top of footing shall be used in determining overturning 
stability.

2.2.2   Tank Construction Materials

**************************************************************************
NOTE:   Tank shel l  t hi ckness shoul d be cal cul at ed 
usi ng AWWA D100,  AWWA D103,  or  API  650 pr ocedur es.   
The st r engt h of  t he mat er i al s of  const r uct i on f or  
each t ank shoul d i ncl ude al l owances speci f i ed her ei n.

**************************************************************************

2.2.2.1   Carbon Steel

Carbon steel sheet shall be hot rolled in accordance with ASTM A283/A283M  
Grade C with a minimum yield of  476 MPa  40,0000 psi ; minimum thickness 
shall be  3.4 mm  10 gauge .  Structural steel shall conform to ASTM A36/A36M 
and [ AWWA D100] [ AWWA D103] [ API Std 650 ] for steel tanks.

2.2.2.2   Polyethylene

Polyethylene tanks shall be manufactured in accordance with ASTM C582.

2.2.2.3   Stainless Steel

Stainless steel shall conform to the material specification for 304SS, 
316SS, 316LSS, 317SS.
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2.2.2.4   Structural Steel

Structural steel shall conform to ASTM A36/A36M.

2.2.2.5   Fiberglass

Fiberglass tanks shall conform to ASTM D3299.

2.2.3   Corrosion Allowance

**************************************************************************
NOTE:   The desi gner  shoul d speci f y a mi ni mum 
cor r osi on al l owance f or  wet t ed sur f aces gi v i ng 
consi der at i on t o t he t ypes of  l i qui ds t o be st or ed,  
t he vapor s above t he l i qui ds,  and t he at mospher i c 
envi r onment .   I t  i s  expect ed t hat  some t anks i n t he 
P/ C/ F syst em may have a l ow pH and some may have a 
hi gh pH,  and ot her s wi l l  have cont ami nant s and 
chemi cal s at  var yi ng concent r at i ons.   A cor r osi on 
al l owance can be cal cul at ed usi ng avai l abl e 
cor r osi on r at e i nf or mat i on f r om mat er i al  suppl i er s 
or  Nat i onal  Associ at i on of  Cor r osi on Engi neer s 
( NACE)  st andar ds.   The desi gner  shoul d t ake i nt o 
account  t he changes i n t emper at ur e over  t he r ange of  
oper at i ng condi t i ons and t he ef f ect s of  l i qui ds and 
vapor s on t he mat er i al s of  const r uct i on.

**************************************************************************

Corrosion allowance is dependant upon the materials of construction and 
finish coatings and shall be as follows:  For a lined interior finish, the 
corrosion allowance shall be [ 0.0 mm  0.0 inches ] [_____].  For a coated or 
painted interior finish, the corrosion allowance shall be [ 0.0 mm  0.0 
inches ] [_____].  For tanks with no protective finish, the corrosion 
finish shall be [ 0.0 mm  0.0 inches ] [_____].

2.2.4   Shop Fabrication

All welding shall conform to [ AWWA D100] [ AWWA D103] [ API Std 650 ] using 
ASME certified welders.  Shell seams shall be full penetration using Sub 
Arc Welding (SAW).  Other seams shall be made with [Gas Metal Arc Welding 
(GMAC)] [Shielded Metal Arc Welding (SMAC)] [Flux Cored Arc Welding 
(FCAW)] [Submerged Arc Welding] processes.

2.2.5   Bolts

Bolts used in the shell joints shall meet the requirements of Section 2.2 
of AWWA D103.  Bolts used in tanks designed under [ AWWA D100] [ API Std 650
] shall meet the requirements as specified in [ AWWA D100] [ API Std 650 ].

2.2.6   Gaskets

All bolted connections shall incorporate gaskets of suitable chemical 
resistance for the service.  Gaskets used to seal bolted joints in tanks 
shall meet the requirements of AWWA D103 Section 2.10.
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2.2.7   Accessories

2.2.7.1   Manholes and Pipe Connections

Manholes and pipe connections shall meet the minimum requirements of [
AWWA D100] [ AWWA D103] [ API Std 650 ].  Number, type, elevation, 
orientation, and size of manholes and pipe connections shall be [as shown 
on the drawings] [provided by Contractor].

2.2.7.2   Baffles, Weirs, and Overflow Pipes

**************************************************************************
NOTE:   Desi gn each t ank wi t h an over f l ow t hat  wi l l  
pi pe,  channel ,  or  ot her wi se di r ect  an over f l owi ng 
t ank t o a cont ai nment  ar ea or  t o t he next  t ank i n 
t he syst em.   I f  a wei r  or  exi t  pi pe i s pl ugged and 
cannot  pass t he maxi mum pr ocess f l ow r at e,  
wast ewat er  must  be cont ai ned t o pr event  spi l l s .

**************************************************************************

Inlet baffles shall be designed to dissipate influent flow energy at 
maximum flow rates and to avoid short circuiting to effluent weirs.  Weirs 
for the tanks shall consist of an overflow weir and outside drop pipe, 
adequately supported and capable of discharging the design flow rate with 
[_____]  mm inches  of head.  [Top of the weir shall be [_____]  mm inches  
below [the top edge of the tank] [overflow height].] [Weir shall be 
located as indicated.]  All tanks shall have emergency overflow outlets to 
direct overflow of wastewater to a containment area.  Overflow pipe shall 
terminate  300 to 600 mm  1 to 2 feet  above grade and shall be fitted with a 
flapper valve or screen to prevent ingress of birds, insects, or small 
animals of any kind.  Design of internals shall meet the requirements of [
AWWA D100] [ AWWA D103] [ API Std 650 ].

2.2.7.3   Vents

**************************************************************************
NOTE:   Vent s on cover ed t anks shoul d be desi gned t o 
al l ow vapor  cont r ol  syst ems t o be at t ached.   Desi gn 
t ank vent s i n accor dance wi t h gui del i nes publ i shed 
i n t he Amer i can I nst i t ut e of  Chemi cal  Engi neer s 
( AI CHE)  G3 " Gui del i nes f or  Saf e St or age and Handl i ng 
of  Hi gh Toxi c Hazar d Mat er i al s"  ( 1988) ,  and API  
Publ i cat i on 2557 " Vapor  Col l ect i on and Cont r ol  
Opt i ons f or  St or age and Tr ansf er  Oper at i ons i n t he 
Pet r ol eum I ndust r y"  ( 1993) .

**************************************************************************

On covered tanks, vent shall be welded to a cover plate on the roof.  Vent 
shall be tank manufacturer's standard type mushroom vent with bird and 
insect screen.  Vent shall be designed as specified by [ AWWA D100] [
AWWA D103] [ API Std 650 ].  The open area of a vent screen shall be sized 
50 percent in excess of the [_____]  L/second  gpm  pump-in rate and [_____]  
L/second  gpm  pump-out rate.  Screening for vent shall conform to [ AWWA D100
] [ AWWA D103] [ API Std 650 ] ensuring fail-safe operation in the event that 
screen frosts over.  The bottom of the screen shall be sufficiently 
elevated for snow consideration in the area.
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2.2.7.4   Ladders and Safety Devices

Provide an outside access ladder on tanks greater than  1.5 m  5 feet  in 
height.  Ladders and safety devices shall be provided in accordance with [
AWWA D100] [ AWWA D103] [ API Std 650 ].  Location of ladders shall be as 
shown on the drawings.  In addition, safety cage, rest platforms, roof 
ladder handrails, and other safety devices shall be provided as required 
by federal or local laws or regulations.

2.2.7.5   Scaffold and Cable Support

Tanks shall include attachment rings or hooks on the inside and outside of 
closed top tanks, at four points at the top of walls, to secure 
scaffolding and cable support during maintenance activities.

2.2.7.6   Miscellaneous Tank Accessories

Miscellaneous tank accessories, such as support legs, saddles, skirts, 
lifting lugs, etc., shall conform to [ AWWA D100] [ AWWA D103] [ API Std 650 ].

2.3   CHEMICAL FEED SYSTEMS

**************************************************************************
NOTE:   The desi gner  must  ver i f y t hat  appr opr i at e 
( on/ of f ,  pr opor t i onal ,  set  poi nt )  cont r ol l er  i s  
speci f i ed i n Sect i on 46 30 00 WATER AND WASTEWATER 
CHEMI CAL FEED SYSTEMS.

**************************************************************************

Chemical feed systems shall be provided in accordance with Section 46 30 00
 WATER AND WASTEWATER CHEMICAL FEED SYSTEMS.  Control signals and wiring 
to the chemical feed controllers shall be furnished in accordance with the 
requirements of this section.

2.4   MIXERS

**************************************************************************
NOTE:   Di f f er ent  t ypes of  mi xer s can be used f or  a 
P/ C/ F t r eat ment  syst em i ncl udi ng:  i mpel l er ,  j et  and 
i n- l i ne st at i c mi xer s.   Del et e i t ems t hat  ar e not  
r equi r ed.   I mpel l er  mi xer s ar e di v i ded i nt o t hr ee 
gr oups:  pr opel l er s,  t ur bi nes,  and paddl es.   Tur bi ne 
and pr opel l er  mi xer s ar e used f or  r api d mi xi ng 
appl i cat i ons whi l e paddl e mi xer s ar e t ypi cal l y used 
i n f l occul at i on.

Pr opel l er  mi xer s ar e hi gh speed mi xer s,  oper at ed on 
l ow hor sepower ,  whi ch ar e used pr i mar i l y f or  f l ash 
mi xi ng appl i cat i ons.   Pr opel l er  speeds r ange f r om 
400 r pm t o 1750 r pm.   When t op ent r y i s r equi r ed,  
t he pr opel l er  mi xer  i s mount ed angl ed and of f  
cent er .   Wher e si de ent r y i s r ecommended,  t he 
pr opel l er  mi xer  i s mount ed hor i zont al l y,  of f set  f r om 
t he cent er l i ne of  t he t ank.

Tur bi ne mi xer s ar e pr i mar i l y used i n l ow speed 
appl i cat i ons wher e heavy sol i ds may be gener at ed and 
a l ar ge mi xi ng ener gy i nput  i s r equi r ed t o keep t he 
sol i ds i n suspensi on.   These t ype mi xer s can be used 
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f or  equal i zat i on of  t he wast ewat er ,  f l ash mi xi ng or  
f l occul at i on.   Tur bi ne speed r anges f r om 55 t o 125 
r pm.   The t ur bi ne mi xer  i s t ypi cal l y mount ed 
ver t i cal ,  one hal f  t o one di amet er  of f  t he f l oor  of  
t he mi xi ng chamber .   I n an unbaf f l ed t ank t he uni t  
i s  mount ed of f  cent er .   I n a baf f l ed t ank t he uni t  
i s  mount ed on cent er .

Paddl e mi xer s ar e l ow speed mi xer s whose per i pher al  
paddl e speed t ypi cal l y var i es f r om 0. 15 t o 0. 61 m/ sec
 0. 5 t o 2. 0 f eet / second.   Paddl e mi xer s ar e used 
pr i mar i l y i n f l occul at i on appl i cat i ons.

Jet  mi xer s use hydr aul i c act i on f or  mi xi ng r esul t i ng 
i n l ower  capi t al  and oper at i ng cost s as compar ed t o 
i mpel l er  mi xer s.   Jet  mi xer s ar e used onl y f or  r api d 
mi xi ng,  and ar e not  sui t abl e f or  f l occul at i on due t o 
t he hi gh pr essur e l i qui d ej ect ed at  t he di schar ge 
nozzl e,  whi ch can br eak up t he f l oc pr evi ousl y 
formed.

St at i c mi xer s ar e t ypi cal l y i nst al l ed downst r eam of  
chemi cal  addi t i on poi nt s f or  bl endi ng or  di sper si on 
appl i cat i ons.   They ar e used i n combi nat i on wi t h 
met er i ng pumps and must  be si zed based on t he f l ow 
r at e.   I n- l i ne st at i c mi xer s use hydr aul i cs f or  
mi xi ng i nst ead of  i mpel l er s,  r equi r i ng no ext er nal  
power  and no mai nt enance.   I n- l i ne st at i c mi xer s 
have hi gh head l osses up t o 1 m 3 f t ;  and t he mean 
t empor al  vel oci t y gr adi ent  G cannot  be changed t o 
meet  var yi ng r equi r ement s.

Mi xer s ar e usual l y s i zed based on l i qui d v i scosi t y,  
l i qui d t emper at ur e and l i qui d densi t y among ot her  
par amet er s.   However  f or  each of  t he mi xi ng 
l ocat i ons,  at  most  s i t es,  i t  i s  expect ed t hat  t he 
v i scosi t y and densi t y wi l l  not  be s i gni f i cant l y 
di f f er ent  f r om wat er ;  i f  t hat  i s  not  t he case,  t he 
desi gner  shoul d speci f y t he r equi r ement s t hat  t he 
mi xi ng devi ce must  meet .

**************************************************************************

Mixers shall be furnished on each tank or unit as designated on the 
drawings.  On tanks, supply tank baffles, where required by the mixer 
design, to achieve complete mixing and mixer support as required.  Submit 
detailed drawings of each mixer including dimensions, mounting details, 
wiring, schematics, and any other details required to demonstrate that the 
system has been coordinated and will properly function as a unit.  Submit 
manufacturer's descriptive data, specifications, technical literature, 
utility requirements, performance charts and curves, and catalog cuts for 
each mixer supplied.

2.4.1   Equalization Unit Mixer

**************************************************************************
NOTE:   Because t he wat er  l evel  i n t he equal i zat i on 
t ank var i es,  t he desi gner  must  speci f y t he mi ni mum 
wat er  l evel  at  whi ch t he mi xer  wi l l  be t ur ned of f  t o 
avoi d bur ni ng out  t he mi xer  mot or .
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**************************************************************************

Mixers shall be a [propeller] [turbine] [paddle] [jet] type mixer.  Number 
of mixers: [_____].

a.  Propeller, turbine, or paddle mixers shall meet the following 
requirements.  Mounting: [[top] [side] [bottom] entering] [_____].  
Mixer speed: [constant] [variable] at a maximum rpm of [_____].  
Variable speed turndown ratio shall be [4:1] [_____].  Mixer shall be 
designed to develop a velocity gradient (G value) not less than [300] 
[_____] sec-1.  Mixers shall be mounted [angled and off center] 
[horizontally offset from the centerline of the tank] [vertical off 
center] [_____] of the mixing chamber.  Shaft construction: [carbon 
steel] [316 stainless steel] [_____].  Impeller construction: [carbon 
steel] [316 stainless steel] [_____].  Mixer bearings shall be 
designed to operate continuously at full load for [100,000 hours] 
[_____] before replacement.

b.  Jet mixer shall consist of, but shall not be limited to, a jet motive 
pump to circulate liquid in the mixing basin; jet mixing nozzle 
assembly, retrieval system and in-basin secondary fluid lines.  Jet 
mixer shall be designed to obtain a maximum mean velocity of [100] 
[_____] sec-1 or G(t) values of [104] [_____].  The jet motive pump 
shall be driven by submersible non-clog units.  Motors shall operate 
on 230/460 volt, three phase, 60 hertz power supply.  Nozzle assembly 
and piping shall be made of [plastic] [or] [stainless steel] [_____] 
material to prevent corrosion by process liquid.

2.4.2   Precipitation Unit Mixer

Mixing shall be supplied by a [propeller] [turbine] [jet] [in-line static] 
type mixer.  Number of mixers: [_____].

a.  Propeller or turbine type mixers shall meet the following 
requirements.  Mounting: [[top] [side] [bottom] entering] [_____].  
Mixer speed: [constant] [variable] at a maximum rpm of [_____].  
Variable speed turndown ratio shall be [4:1] [_____].  Mixer shall be 
designed to develop a maximum velocity gradient (G value) not less 
than [300] [_____] sec-1.  Mixers shall be mounted [angled and off 
center] [horizontally offset from the centerline of the tank] 
[vertical off center] [_____] of the mixing chamber.  Shaft 
construction: [carbon steel] [316 stainless steel] [_____].  Impeller 
construction: [carbon steel] [316 stainless steel] [_____].  Mixer 
bearings shall be designed to operate continuously at full load for 
[100,000 hours] [_____] before replacement.

b.  Jet mixer shall consist of, but shall not be limited to, a jet motive 
pump to circulate liquid in the mixing basin; jet mixing nozzle 
assembly, retrieval system and in-basin secondary fluid lines.  Jet 
mixer shall be designed to obtain a mean velocity of [25-100] [_____] 
sec-1 or G(t) values of [103-104] [_____].  The jet motive pump shall 
be driven by submersible non-clog units.  Motors shall operate on 
230/460 volt, three phase, 60 hertz power supply.  Nozzle assembly and 
piping shall be made of [plastic] [or] [stainless steel] [_____] 
material to prevent corrosion by process liquid.

c.  In-line static mixers shall meet the following requirements.  Maximum 
precipitant feed rate: [_____]  L/s  gpm .  In-line static mixers shall 
have a helical shaped element which is made of the same material as 
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the housing wall.  Sealing edge between the element and housing wall 
shall create an integral unit without pieces to fatigue or vibrate.  
In-line static mixers shall incorporate the required number of 
elements to provide complete mixing at all design conditions.  Mixer 
shall be sized to fit [_____]  mm inches  diameter conveying pipe.  
Materials of construction: [carbon steel] [stainless steel] 
[polyethylene] [polypropylene] [FRP] [Teflon] [_____].

2.4.3   Coagulation Unit Mixer

Mixing shall be supplied by a [propeller] [turbine] [jet] [in-line static] 
type mixer.  Number of mixers: [_____].

a.  Propeller or turbine mixers shall meet the following requirements.  
Mounting: [[top] [side] [bottom] entering] [_____].  Mixer speed: 
[constant] [variable] at a maximum rpm of [_____].  Variable speed 
turndown ratio shall be [4:1] [_____].  Mixer shall be designed to 
develop a velocity gradient (G value) not less than [300] [_____] 
sec-1.  Mixers shall be mounted [angled and off center] [horizontally 
offset from the centerline of the tank] [vertical off center] [_____] 
of the mixing chamber.  Shaft construction: [carbon steel] [316 
stainless steel] [_____].  Impeller construction: [carbon steel] [316 
stainless steel] [_____].  Mixer support shall [be included] [not be 
included] [_____].  Mixer bearings shall be designed to operate 
continuously at full load for [100,000 hours] [_____] before 
replacement.

b.  Jet mixer shall consist of, but shall not be limited to, a jet motive 
pump to circulate liquid in the mixing basin; jet mixing nozzle 
assembly, retrieval system and in-basin secondary fluid lines.  Jet 
mixer shall be designed to obtain a mean velocity of [25-100] [_____] 
sec-1 or G(t) values of [103-104] [_____].  The jet motive pump shall 
be driven by submersible non-clog units.  Motors shall operate on 
230/460 volt, three phase, 60 hertz power supply.  Nozzle assembly and 
piping shall be made of [plastic] [or] [stainless steel] [_____] 
material to prevent corrosion by process liquid.

c.  In-line static mixers shall meet the following requirements.  Maximum 
coagulant feed rate: [_____]  L/s  gpm .  In-line static mixers shall 
have a helical shaped element which is made of the same material as 
the housing wall.  Sealing edge between the element and housing wall 
shall create an integral unit without pieces to fatigue or vibrate.  
In-line static mixers shall incorporate the required number of 
elements to provide complete mixing at all design conditions.  Mixer 
shall be sized to fit [_____]  mm inches  diameter conveying pipe.  
Materials of construction: [carbon steel] [stainless steel] 
[polyethylene] [polypropylene] [FRP] [Teflon] [_____].

2.4.4   Flocculation Unit Mixer

Mixers shall be [turbine] [paddle] type mixers.  Number of mixers: 
[_____]. Mounting: [[top] [side] [bottom] entering] [_____].  Mixer speed: 
[constant] [variable] at a maximum rpm of [_____].  Variable speed 
turndown ratio shall be [4:1] [_____].  Mixer shall be designed to develop 
a maximum velocity gradient (G value) no more than [100] [_____] sec-1.  
Mixers shall be mounted [angled and off center] [horizontally offset from 
the centerline of the tank] [vertical off center] [_____] of the mixing 
chamber.  Shaft construction: [carbon steel] [316 stainless steel] 
[_____].  Impeller construction: [carbon steel] [316 stainless steel] 

SECTION 02 51 13  Page 25



[_____].  Mixer support shall [be included] [not be included] [_____].  
Mixer bearings shall be designed to operate continuously at full load for 
[100,000 hours] [_____] before replacement.

2.4.5   Effluent Holding Unit Mixer

Mixing shall be provided by a [propeller] [turbine] [jet] [in-line static] 
type mixer.  Number of mixers: [_____].

a.  Propeller or turbine mixers shall meet the following requirements.  
Mounting: [[top] [side] [bottom] entering] [_____].  Mixer speed: 
[constant] [variable] at a maximum rpm of [_____].  Variable speed 
turndown ratio shall be [4:1] [_____].  Mixer shall be designed to 
develop a velocity gradient (G value) not less than [300] [_____] 
sec-1.  Mixers shall be mounted [angled and off center] [horizontally 
offset from the centerline of the tank] [vertical off center] [_____] 
of the mixing chamber.  Shaft construction: [carbon steel] [316 
stainless steel] [_____].  Impeller construction: [carbon steel] [316 
stainless steel] [_____].  Mixer support shall [be included] [not be 
included] [_____].  Mixer bearings shall be designed to operate 
continuously at full load for [100,000 hours] [_____] before 
replacement.

b.  Jet mixer shall consist of, but shall not be limited to, a jet motive 
pump to circulate liquid in the mixing basin; jet mixing nozzle 
assembly, retrieval system and in-basin secondary fluid lines.  Jet 
mixer shall be designed to obtain a mean velocity of [25-100] [_____] 
sec-1 or G(t) values of [103-104] [_____].  The jet motive pump shall 
be driven by submersible non-clog units.  Motors shall operate on 
230/460 volt, three phase, 60 hertz power supply.  Nozzle assembly and 
piping shall be made of [plastic] [or] [stainless steel] [_____] 
material to prevent corrosion by process liquid.

2.5   CLARIFIERS

**************************************************************************
NOTE:   Thi s par agr aph speci f i es onl y i ncl i ned pl at e 
or  t ube set t l er s.   The i ncl i ned pl at e or  t ube 
set t l er  r equi r es mi ni mum space,  no movi ng par t s 
( t her ef or e mi ni mi zi ng mai nt enance) ,  l ess pot ent i al  
f or  shor t  c i r cui t i ng,  and gener al l y l ower  capi t al  
and oper at i ng cost s t han convent i onal  c l ar i f i er s.   
For  met al l i c  s l udges,  t he over f l ow r at e t ypi cal l y 
r anges f r om 2. 1 t o 4. 2 L/ s/ sq.  m 360 t o 720 gpm/ sq.  
ft.  and gener al l y wi l l  not  exceed 5. 9 L/ s/ sq.  m 1000 
gpm/ sq.  f t .

**************************************************************************

Clarifier shall be an inclined [plate] [or] [tube] settler and shall be 
designed to meet the following conditions:

a.  Influent pH: Maximum [_____], Minimum [_____].

b.  Solids Loading: [_____]  kg/day  lbs/day .

c.  Effluent TSS: [_____] mg/L.

The effective surface overflow rate shall be [_____]  L/m3/m2.s  gpd/ft2  and 
the detention time shall [2] [_____] hours at the design flow rate.  
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Clarifier shall consist of, at a minimum, the following accessories: 
influent distribution system, a separator module consisting of [corrugated 
plate packs,] [inclined tube packs,] skimmer mechanism with scum 
collection trough, sludge removal system, effluent collection flumes, 
access ladder, operating platform, associated piping, fittings, sampling 
valves, and a sludge hopper.

2.5.1   Clarifier Vessel

The bottom and sides of the clarifier vessel shall be  6 mm  1/4 inch  
minimum thickness carbon steel plate meeting or exceeding ASTM A36/A36M.  
Inlet, outlet, overflow, and drain connections shall be provided on the 
vessel.  Structural steel framework shall be an integral part of the 
vessel to make it self-supporting.  The clarifier shall be designed for 
seismic forces in accordance with paragraph Existing Conditions.

2.5.2   Influent Distribution and Effluent Collection Systems

Influent distribution system shall be supplied to dissipate the entrance 
energy and to equalize flow to the separator module.  Weirs and baffles 
shall be included to control the local velocities and to eliminate short 
circuiting.  Adjustable weirs shall be supplied along each effluent 
collection flume to maintain uniform flow distribution.

2.5.3   Separator Module

The separator module shall be formed by [parallel corrugated plates placed 
[ 38 mm 1-1/2 inches ] [[_____]  mm inches ] apart] [inclined tubes at [45] 
[60] [_____] degrees from the horizontal].  The separator module shall be 
removable for maintenance and inspection.  Separator module shall be 
constructed of corrosion resistant materials.  [Corrugated plate packs] 
[Tube packs] shall be [fiberglass reinforced plastic] [polypropylene] 
[coated steel] [stainless steel] [_____].

2.5.4   Skimmer and Sludge Collection/Thickening Devices

Mechanical skimmer and drive shall continuously collect floating scum and 
remove it to a collection trough.  Sludge holding compartment shall be 
equipped with hopper bottom having sides tapering downward at an angle not 
less than [55] [_____] degrees above horizontal for sludge collection. 
Sludge hopper shall be [fixed] [removable] [_____] and shall be equipped 
with a vibrator pack for sludge thickening.  Sludge hopper shall provide a 
minimum of [_____]  L  gallons  of sludge storage.  A flanged outlet shall be 
provided for each hopper which connects to a pump for sludge removal.

2.5.5   Miscellaneous

Clarifier shall be supplied with a steel platform around the perimeter 
complete with ladder, handrail, and toe plates.  Painting shall conform to 
Sections 09 90 00  PAINTS AND COATINGS and 09 97 02  PAINTING: HYDRAULIC 
STRUCTURES, unless otherwise indicated.

2.6   PIPING/VALVES

Piping and valves for chemical feed systems shall be in accordance with 
Section 46 30 00  WATER AND WASTEWATER CHEMICAL FEED SYSTEMS.  Low point 
drains shall be installed in interconnecting piping.
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2.7   PUMPS

Pumps shall conform to the following requirements.  Pumps for specific 
services and accessories shall be as specified.

2.7.1   Water Pumps

**************************************************************************
NOTE:   Wat er  pumps i ncl ude,  but  ar e not  l i mi t ed t o,  
t he f ol l owi ng:  equal i zat i on t r ansf er  pumps,  wat er  
pumps f or  chemi cal  di l ut i on,  and ef f l uent  wat er  
r ecycl e and di schar ge pumps.   Wat er  pumps may be 
hor i zont al  or  ver t i cal  cent r i f ugal  pumps.   Del et e 
and/ or  add par agr aphs t o meet  j ob r equi r ement s.

**************************************************************************

Water pumps shall be designed in accordance with Section 23 21 23  HYDRONIC 
PUMPS.

2.7.2   Chemical Metering Pumps

**************************************************************************
NOTE:   Chemi cal  met er i ng pumps may be pi st on,  
posi t i ve di spl acement  di aphr agm,  or  bal anced 
di aphr agm pumps.   The uni t  appl i cat i on depends on 
t he pr essur e i nvol ved,  cor r osi veness of  t he 
chemi cal ,  f eed r at e,  accur acy r equi r ed,  v i scosi t y 
and speci f i c  gr avi t y of  t he f l ui d,  ot her  l i qui d 
pr oper t i es,  and t he t ype of  cont r ol .

**************************************************************************

Chemical metering pumps shall be manufactured and installed in accordance 
with Section 46 30 00  WATER AND WASTEWATER CHEMICAL FEED SYSTEMS.

2.7.3   Sludge Pumps

**************************************************************************
NOTE:   Sl udge pumps may be cent r i f ugal ,  di aphr agm 
( ai r  oper at ed)  or  pr ogr essi ve cavi t y.   The uni t  
appl i cat i on depends on t he pr essur e i nvol ved,  t he 
pumpi ng r at e ( const ant  or  var i abl e) ,  t he speci f i c  
gr avi t y of  t he s l udge and t he t ype of  cont r ol .

**************************************************************************

Sludge pumps shall be manufactured and installed in accordance with 
Section 22 13 29  SANITARY SEWERAGE PUMPS.

2.8   ELECTRICAL WORK

2.8.1   General

Electrical equipment and wiring shall be in accordance with Section 
26 20 00  INTERIOR DISTRIBUTION SYSTEM and shall conform to NFPA 70 .  
Circuit installation shall be in accordance with Sections 33 71 01  
OVERHEAD TRANSMISSION AND DISTRIBUTION and 33 71 02  UNDERGROUND ELECTRICAL 
DISTRIBUTION.
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2.8.2   Electric Motors

**************************************************************************
NOTE:   El ect r i cal  mot or  dr i ven equi pment  shoul d be 
pr ovi ded compl et e wi t h mot or s,  mot or  st ar t er s,  and 
controls.

**************************************************************************

Provide for each motor a circuit breaker type combination motor circuit 
protector, complete with properly sized thermal overload protection on 
each phase, along with a hand-off-automatic (HOA) selector switch; red and 
green pilot lights; manual reset pushbutton; and all other appurtenances 
necessary for the motor control specified.  Each motor shall be of 
sufficient capacity to drive the equipment at the specified capacity at or 
below a 1.0 service factor and without exceeding the nameplate rating of 
the motor when operating at the specified electrical system voltage and 
frequency.  Each electric motor-driven piece of equipment shall be driven 
by a chemical/mill duty, [explosion-proof] [totally-enclosed fan cooled 
(TEFC)] [totally-enclosed non-ventilating (TENV)] [_____] motor rated for 
continuous duty at a 40 degrees C ambient temperature.  Motor shall have a 
[1.15] [1.0] [_____] service factor.  All motors shall conform to the 
respective sections of NEMA MG 1.  Three phase motors shall be 
squirrel-cage induction type having normal-starting-torque and 
low-starting-current characteristics.  Motors shall have sufficient power 
and torque so that the nameplate power rating, without consideration of 
the service factor, shall not be exceeded under any operating condition.  
Adequate thrust bearings shall be provided in the motor to handle any 
thrust forces that are transmitted to motor under any  operating 
condition.  Three phase motors shall be rated 230/460 volts, 60 hertz.  
Fractional horsepower motors shall be 115 volts, 60 hertz.  All motor 
nameplate information shall be stamped on the attached nameplate in 
accordance with the requirements of NEMA MG 1.  Motors shall have a 
premium efficiency design, class F insulation, automatic thermal 
protection of the stator windings, and standard NEMA frame ratings.

2.9   INSTRUMENTATION AND CONTROL

**************************************************************************
NOTE:   I nst r ument at i on and cont r ol  syst ems ar e used 
i n wat er  t r eat ment  t o ensur e consi st ent  qual i t y,  t o 
opt i mi ze pr ocess r el i abi l i t y ,  t o assi st  oper at i ng 
per sonnel  i n moni t or i ng pr ocess oper at i ons,  and t o 
mi ni mi ze oper at i ng cost s.   The measur ement  and 
cont r ol  i nst r ument s may r ange f r om a si mpl e cont r ol  
panel  i ndi cat or  t o a compl ex,  mul t i - component ,  
pr ogr ammabl e l ogi c cont r ol l er  based syst em.

I n devel opi ng t he scope of  t he i nst r ument at i on and 
cont r ol  syst em desi gn,  t he desi gner  shoul d consi der  
t he f ol l owi ng par amet er s:  s i ze of  t he pl ant ,  t ype 
and compl exi t y of  t he t r eat ment  pr ocess,  t ype of  
vendor - suppl i ed cont r ol s,  amount  of  f unds avai l abl e,  
cur r ent  desi gn st andar ds,  di schar ge compl i ance 
cr i t er i a,  speci al  i nt er f aces wi t h ot her  cont r ol  
syst ems,  and t he abi l i t y  of  t he owner  t o pr oper l y 
mai nt ai n a cont r ol  syst em.   Gener al l y,  t he desi gns 
of  P/ C/ F syst ems i ncor por at i ng manual  oper at i on 
woul d be l i mi t ed t o bat ch pr ocesses i n whi ch t he 
cont r ol  of  pumps and chemi cal  addi t i on i s 
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accompl i shed by oper at or  act i on.   The cont i nuous 
oper at i on of  P/ C/ F syst ems usual l y i nvol ves mor e 
compl ex cont r ol  schemes.   Chemi cal  addi t i on can be 
manual l y or  aut omat i cal l y pr opor t i oned t o f l ow 
and/ or  t o ot her  pr ocess f eedback si gnal s gener at ed 
by pr ocess i nst r ument at i on.   The degr ee of  
aut omat i on i ncor por at ed i nt o t he syst em desi gn 
gener al l y depends upon t he compl exi t y of  t he 
t r eat ment  syst em,  t he r emot eness of  t he s i t e,  t he 
pl anned l evel  of  oper at or  at t ent i on,  and t he 
dur at i on of  t he pr oj ect .   Syst ems desi gned f or  
unat t ended oper at i on woul d r equi r e t he gr eat est  
degr ee of  aut omat ed syst em cont r ol s.   Cont r ol  
schemes may i ncl ude t he use of  r emot el y l ocat ed 
pr ogr ammabl e l ogi c cont r ol l er s,  r emot e dat a 
t el emet r y,  and t el ecommuni cat i on syst ems.

The desi gner  shoul d consi der  how t he P/ C/ F syst em 
wi l l  be oper at ed f or  each si t e- speci f i c  
appl i cat i on.   The equi pment  used i n a P/ C/ F syst em 
can be suppl i ed t o oper at e ei t her  i n a bat ch or  a 
cont i nuous mode of  oper at i on.   A bat ch oper at i on may 
be mor e economi cal  t han cont i nuous oper at i on when 
wast ewat er  f l ows ar e smal l  ( l ess t han 0. 6 L/ s 10 gpm
) ,  or  ar e i nt er mi t t ent  f r om sour ces such as a smal l  
l andf i l l  l eachat e r ecover y syst em or  smal l  gr ound 
wat er  pumpi ng wel l s.   When t he wast ewat er  f l ows ar e 
l ar ger  t han 0. 6 L/ s 10 gpm,  cont i nuous oper at i on 
shoul d be used.   I n t he cont i nuous mode of  
oper at i on,  al l  equi pment  woul d r un uni nt er r upt ed and 
t he wast ewat er  woul d be f ed t o t he syst em at  a 
cont r ol l ed r at e.

I f  a bat ch oper at i on i s used,  t he desi gner  must  
deci de whet her  t r eat ment  can be per f or med i n one 
si ngl e t ank or  i f  mul t i pl e t anks ar e r equi r ed.   I n a 
s i ngl e t ank,  t he r equi r ed chemi cal s f or  
pr eci pi t at i on,  coagul at i on,  and f l occul at i on ar e 
added sequent i al l y  t o t he same t ank at  a mi xi ng 
i nt ensi t y appr opr i at e f or  t he chemi cal  bei ng added.  
Fol l owi ng chemi cal  addi t i on,  al l  mi xer s woul d shut  
down t o al l ow a qui escent  t i me f or  set t l i ng t o 
occur .   The set t l ed s l udge on t he bot t om of  t he t ank 
coul d be dr awn of f  and t he super nat ant  adj ust ed f or  
f i nal  pH.   The wat er  can be st or ed i n t hi s one t ank 
unt i l  i t  i s  anal yzed and di schar ged,  or  a separ at e 
t ank can be used t o st or e t he wat er .   Thi s t ype of  
syst em i s appr opr i at e f or  s i t es t hat  gener at e smal l  
amount s of  wat er  wher e t he t i me t o t r eat  one bat ch 
does not  exceed t he t i me t o gener at e a vol ume of  
wat er  t o be t r eat ed.   A f l ow equal i zat i on t ank must  
be pr ovi ded t o r ecei ve t he wat er  whi l e t r eat ment  i s 
occur r i ng i n t he bat ch t anks.

Al t er nat i vel y,  i f  mor e f r equent  t r eat ment  i s 
r equi r ed,  bat ch t r eat ment  can empl oy mul t i pl e t anks 
wher e one vol ume of  wat er  i s pumped sequent i al l y  
t hr ough t he pr eci pi t at i on,  coagul at i on,  
f l occul at i on,  and cl ar i f i cat i on t anks.   The 
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equi pment  used i n t hi s syst em woul d be t he same as 
f or  a cont i nuous oper at i on,  except  t hat  t he 
i nst r ument at i on and cont r ol s woul d be desi gned t o 
al l ow i nt er mi t t ent  pumpi ng,  mi xi ng,  and chemi cal  
addi t i on r at her  t han cont i nuous.   I n ei t her  mode of  
oper at i on,  t he cont r ol s can be desi gned t o oper at e 
t he syst em wi t h 1)  manual  cont r ol ,  2)  semi aut omat i c 
cont r ol ,  or  3)  aut omat i c cont r ol .   The desi gner  must  
sel ect  t he cont r ol  scheme appr opr i at e f or  t he s i t e 
consi der i ng t he compl exi t y of  t he syst em and 
per sonnel  avai l abi l i t y .

I n manual  cont r ol ,  t he oper at or  wi l l  s t ar t  onl y one 
pr ocess at  a t i me ( e. g. ,  pr eci pi t at i on,  coagul at i on,  
f l occul at i on,  c l ar i f i cat i on,  et c. )  and check t he 
r esul t s of  each bef or e st ar t i ng next  oper at i on.   I n 
semi aut omat i c cont r ol ,  t he oper at or  must  be pr esent  
t o st ar t  t he P/ C/ F syst em and t r ansi t i on f r om one 
pr ocess t o anot her  wi l l  be cont r ol l ed aut omat i cal l y 
usi ng ei t her  an el ect r oni c or  pneumat i c di st r i but ed 
cont r ol  syst em.   I n aut omat i c cont r ol ,  t he ent i r e 
syst em wi l l  oper at ed wi t hout  an oper at or .   The 
nor mal  r unni ng of  t he syst em i s l i nked t o one or  
mor e gover ni ng f act or s ( t ank l evel ,  f l ow r at e,  et c. )  
whi ch wi l l  s t ar t  up each syst em when set  poi nt s ar e 
r eached.   Maxi mum r el i abi l i t y  of  a f ul l y  aut omat ed 
syst em can be obt ai ned by usi ng a l ogi c cont r ol  
syst em whi ch checks t hat  t he or der s gi ven have been 
r ecei ved and car r i ed out  and,  i f  not ,  st ops t he 
oper at i ons and al ar ms t he oper at or .   Al l  cont r ol s 
shoul d have manual  over r i de.

**************************************************************************

The instrumentation and control system shall be [batch] [on-off in 
response to influent flow] [manual] [semi-automatic] [automatic] [_____] 
with complete electrical power, control and instrumentation as specified 
or recommended by the equipment manufacturer for the safe operation and 
supervision of the P/C/F system.  The instrumentation and control package 
for the P/C/F system shall be supplied as indicated on the drawings.  
Probes for pH and oxidation reduction potential (ORP), measuring devices, 
and level sensors specified in the following four subparagraphs shall be 
of materials resistant to chemical attack over a pH range of 2 to 12, and 
suitable for a temperature range from  [0 to 100] [_____] degrees C  [32 to 
212] [_____] degrees F  and for the liquid to be monitored.  All enclosures 
for pH, flow, and level sensors and transmitters shall be rated NEMA 4X.

2.9.1   pH Monitoring/Control

pH probes shall be provided [where indicated on drawings] [on the effluent 
line of each reactor] for the purposes of pH monitoring and/or pH control 
through an associated control device (PLC, single loop controller, etc.).  
Probes shall be easily removable without interrupting service.  Probe 
materials shall be resistant to operating pressures of up to [_____]  kPa  
psi .  The probes shall be interconnected to associated 
transmitters/indicators that are located preferably in the main control 
panel.  Probes shall be connected to a micro processor based pH analyzer 
having a 4 digit readout with  38 mm  1-1/2 inch  high letters and an 
isolated 4 - 20 mA DC output signal proportional to the pH.  The accuracy 
of the pH unit shall be plus or minus 0.5 percent of full scale.
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2.9.2   ORP Monitoring/Control

An oxidation reduction potential (ORP) probe shall be provided [where 
indicated on drawings] [_____] for the purpose of ORP monitoring and/or 
control.  Probe shall be easily removable without interrupting service.  
Probe materials shall be resistant to operating pressures of up to [_____]  
kPa psi .  The probes shall be interconnected to associated 
transmitters/indicators that are located preferably in the main control 
panel.  Probe shall be connected to a micro processor based pH analyzer 
having a 4 digit readout with  38 mm  1-1/2 inch  high letters and an 
isolated 4 - 20 mA DC output signal proportional to the ORP.  The accuracy 
of the ORP unit shall be plus or minus 0.5 percent of full scale.

2.9.3   Flow Monitoring/Control

Flow measuring devices shall be provided [where indicated on drawings] [on 
the influent line] [on the effluent line] for the purpose of flow 
monitoring and/or control.  Measuring devices shall be easy to maintain 
without interrupting service.  Measuring devices shall be resistant to 
operating pressures of up to [_____]  kPa  psi .  Measuring devices shall be 
connected to a microprocessor based flow analyzer having a digital readout 
with  38 mm  1-1/2 inch  high letters and an isolated 4 - 20 mA DC output 
signal proportional to the flow.  The accuracy of the flow monitoring unit 
shall be plus or minus 0.5 percent of full scale.  The type of flow meter 
selected shall be fully coordinated with the application involved as shown 
on the drawings to assure that the flow meter meets all installation and 
operational criteria (upstream and downstream distances from 
appurtenances, minimum and maximum flow velocities, degree of required 
accuracy, full pipe flow, etc.).

2.9.4   Level Monitoring/Control

Level indicator gauges of the direct-reading type, equipped with a shutoff 
valve, shall be provided on the discharge side of the tank.  Gauges shall 
have  150 mm  6 inch  dials, shall be stem mounted, and shall conform to 
ASME B40.100 .  Accuracy of gauges shall be Grade A in accordance with 
ASME B40.100 .  Gauges shall be calibrated in  kPa and psi  psi  in not more 
than  10 kPa and 2 psi  2 psi  increments from  0 to 350 kPa and 0 to 50 psi  0 
to 50 psi  in excess of the normal operating pressure at the tank.  All 
level (float) switches shall be mechanically actuated with Form C 
contacts.  All electronic level sensing devices shall include a sending 
unit that transmits an analog or discrete signal, as required for the 
application, to an associated control panel or control device.  Level 
monitoring/control sensors shall be provided [where indicated on drawings] 
[_____].  Sensors shall be easily removable without interrupting service.  
All analog level sensor shall be connected to a microprocessor based level 
indicator and/or controller as required by the application having a 4 
digit readout with  38 mm  1-1/2 inch  high letters and an isolated 4 - 20 mA 
DC output signal proportional to the level to be measured.

2.9.5   Control System

**************************************************************************
NOTE:   The desi gner  shoul d i ncl ude a det ai l ed 
oper at i ng and cont r ol  pr ocedur e i n t hi s par agr aph t o 
expl ai n t he cont r ol  phi l osophy f or  each component  of  
t he P/ C/ F syst em.   Thi s oper at i ng and cont r ol  
pr ocedur e shoul d i ncl ude al l  i nf or mat i on r equi r ed 
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f or  syst em st ar t - up,  cont i nuous oper at i ons,  and 
nor mal  and emer gency shut - down oper at i ons.   Thi s 
pr ocedur e shoul d i ncl ude al l  oper at i ng set  poi nt s 
f or  pump st ar t i ng/ st oppi ng/ al ar mi ng/ shut down,  al l  
nor mal / al ar m/ shut down pH val ues,  al l  
nor mal / al ar m/ shut down ORP val ues,  al l  
nor mal / al ar m/ shut down l i qui d l evel s,  as wel l  as al l  
ot her  nor mal / al ar m/ shut down val ues f or  any ot her  
cont r ol  or  pr ocessi ng equi pment .   Thi s pr ocedur e 
shoul d del i neat e al l  nor mal  oper at i onal  val ues f or  
each component  of  t he P/ C/ F syst em.

**************************************************************************

Design the control system to operate as shown on the drawings and 
described in the operating and control procedures provided [below] [as an 
attachment].  All alarms and/or shutdowns shall consist of both visible 
alarm lights and audible alarm signals on either the main control panel, 
or on a remote microprocessor controller screen.  The alarms and shutdowns 
shall function through a first-out-sequence annunciation.  Alarms shall be 
provided for high and low water and chemical levels, high and low pH 
values, and high and low ORP values.  Automatic shutdowns shall be 
provided for each system when a control value or an operational system 
ranges out of normal operational limits where personnel safety is a 
concern, where mechanical damage can occur to process equipment, or where 
the process excursion has the potential to violate discharge water quality 
criteria; such shutdowns can occur for both high and low conditions.  
Power failures and equipment failures shall initiate an alarm as well as 
an orderly and automatic shutdown of the treatment system.  [Auto-dialing 
to an indicated remote location shall be provided to report each alarm or 
shutdown that stops the movement of process water through the treatment 
system or stops chemical feed systems.  The Contractor is responsible for 
providing the associated telephone line for the auto-dialer system.]  
Control power transformers, relays, adjustable timers, auxiliary contacts, 
switches, or additional equipment required to interconnect the treatment 
equipment to a monitoring/control system shall be provided.  Conduit and 
wiring between control panels, treatment components, and all control 
devices shall be furnished.

2.9.6   Control Panel Enclosures

All required control panels for the control system shall be rated NEMA 4X 
[fiberglass] [stainless steel] and shall be sized to assure that adequate 
internal space is available for all components specified and/or required 
with an allowance of no less than 30 percent spare space.  To the greatest 
extent possible all instrument transmitters shall be installed in or 
adjacent to the control panel enclosure.

2.10   STRUCTURAL SKIDS

Where a P/C/F system has structural skids, skids shall be fabricated in 
accordance with Section 05 12 00  STRUCTURAL STEEL.  Submit shop details 
for each structural skid including members (with their connections) not 
shown on the drawings.  Welds shall be indicated by standard welding 
symbols in accordance with AWS A2.4 .

2.11   PAINT/COATINGS

**************************************************************************
NOTE:   UFGS 09 97 02 i s a gui de speci f i cat i on 
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devel oped f or  Ci v i l  Wor ks pr oj ect s.
**************************************************************************

Paint and coatings work shall be in accordance with Sections 09 90 00  
PAINTS AND COATINGS[ and 09 97 02  PAINTING: HYDRAULIC STRUCTURES].

2.12   INSULATION/HEATING/VENTILATION

**************************************************************************
NOTE:   I n col d c l i mat es,  exposed pi pe,  val ves,  pumps 
and equi pment  shoul d be i nsul at ed and/ or  heat  t r aced 
t o pr event  f r eezi ng.   Tanks shoul d be i nsul at ed and 
heat ed t o keep t he t ank cont ent s above f r eezi ng 
temperatures.

**************************************************************************

Provide insulation for pipes, valves, pumps, tanks, instrumentation and 
controls, and other equipment in accordance with Section 23 07 00  THERMAL 
INSULATION FOR MECHANICAL SYSTEMS.

2.13   NAMEPLATES

Each major item of equipment shall have the manufacturer's name, address, 
type or style, model or serial number, and catalog number on a plate 
secured to the item of equipment.

2.14   SPECIAL TOOLS

One set of special tools, calibration devices, and instruments required 
for operation, calibration and maintenance of the equipment shall be 
provided, as recommended by the manufacturer.

PART 3   EXECUTION

3.1   EXAMINATION

**************************************************************************
NOTE:   The desi gner  wi l l  det er mi ne i f  t he 
exami nat i on by t he Cont r act i ng Of f i cer  i s t o appl y 
t o al l  equi pment  or  onl y t o speci al  i t ems t o be 
inspected.

**************************************************************************

After becoming familiar with all details of the work, verify all 
dimensions in the field, and advise the Contracting Officer of any 
discrepancy before work begins.  After equipment is delivered to the site 
and prior to installation, examine the treatment plant equipment for any 
damage, defect, or deterioration and verify that all construction 
equipment used at the site is of sufficient capacity and in good 
mechanical condition.  Results of this pre-installation examination shall 
be documented and submitted to the Contracting Officer for review.[  
Contracting Officer will also conduct this examination independently.]  
Based on the examination, the Contracting Officer has the right to reject 
damaged, defective, or deteriorated equipment.  Surface damage to 
equipment shall be corrected according to the manufacturer's 
requirements.  Costs associated with the delay caused by the rejection 
shall be borne by the Contractor.  All specified preconstruction 
submittals shall be provided to the Contracting Officer.
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3.2   INSTALLATION

Equipment shall be handled with extreme care to prevent damage during 
placement.  Equipment shall be installed, except as otherwise specified, 
as indicated on the drawings, and in accordance with the manufacturer's 
written instructions [and under direct supervision of the manufacturer's 
representative] [_____].  Installation shall include furnishing all 
materials required for initial operation.  Equipment shall be properly 
leveled, aligned, and anchored in place in accordance with the 
manufacturer's instructions.  Supports shall be provided for equipment, 
appurtenances, and pipes as required.  Piping runs shall be straight and 
evenly supported.  Valves shall be installed with stems horizontal or 
above the pipe centerline.  Flanges and unions shall be installed where 
valve and equipment maintenance may require disassembly.  P/C/F system 
shall be provided complete and ready for operation.  Plumbing work shall 
conform to the requirements of [Section 22 00 00  PLUMBING, GENERAL 
PURPOSE] [_____].

3.2.1   Foundations

Foundations for tanks, clarifier, and other equipment shall be constructed 
of reinforced concrete, except as shown or specified herein.

3.2.2   Excavating, Filling, and Grading

Excavating, filling, and grading shall conform to the applicable 
requirements of Section 31 00 00  EARTHWORK.

3.2.3   Cathodic Protection

Cathodic protection shall be provided on steel tanks and clarifiers, 
conforming to Section 26 42 15.00 10  CATHODIC PROTECTION SYSTEM (STEEL 
WATER TANKS).

3.2.4   Welding

Tank welding shall be performed in accordance with [Section 8 of AWWA D100
] [ AWWA D103] [ API Std 650 ].

3.2.5   Erection

Tank erection shall be performed in accordance with [Section 10 of 
AWWA D100] [ AWWA D103] [ API Std 650 ].

3.2.6   Field Painting

**************************************************************************
NOTE:   UFGS Sect i on 09 97 02 i s a gui de 
speci f i cat i on devel oped f or  Ci v i l  Wor ks pr oj ect s.

**************************************************************************

Painting shall be in accordance with Sections 09 90 00  PAINTS AND 
COATINGS[ and 09 97 02  PAINTING: HYDRAULIC STRUCTURES].  Stainless steel, 
galvanized steel, and nonferrous surfaces shall not be painted.

3.2.7   Inspections and Testing

Tank inspection and testing shall be in accordance with Section 11 of 
AWWA D100.  Mill and shop inspections [are not required] [are required and 
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shall be performed by an approved commercial inspection agency].  
Contractor shall perform the hydrostatic test.  Final hydrostatic test 
shall be performed before painting.

3.2.8   Radiographic Inspection and Testing

Tank radiographic inspection and testing shall be in accordance with 
Section 11 of AWWA D100.  Radiographic inspections [are not required] [are 
required and shall be performed by an approved commercial inspection 
agency].  All testing shall be performed before painting.

3.3   FIELD QUALITY CONTROL

3.3.1   Inspection

**************************************************************************
NOTE:   The syst em' s P&I D and t he as- bui l t  dr awi ngs 
ar e used t o ver i f y t hat  al l  equi pment ,  pi pi ng,  and 
val ves ar e i nst al l ed accor di ng t o pl ans and 
speci f i cat i ons.   The el ect r i cal  one- l i ne di agr ams 
and wi r i ng di agr ams ar e usef ul  t o ver i f y t he 
el ect r i cal  and i nst r ument at i on syst ems.   Gr oundi ng 
of  equi pment  shoul d al so be i nspect ed.   Vendor ' s 
cer t i f i ed shop dr awi ngs and equi pment  oper at i ng 
manual s shoul d be used t o check t he equi pment  
i nst al l at i on and oper at i on.

**************************************************************************

After the installation is complete, each component will be inspected by 
the Contracting Officer to verify that the components of the system are 
properly installed according to drawings and specifications.  Any 
discrepancies found shall be corrected and work affected by such 
deficiencies shall be at the Contractor's expense.

3.3.2   Tests

Each piece of equipment shall be subject to an operational test, under the 
supervision of a factory representative and may be observed by the 
Contracting Officer.  Test shall demonstrate that the equipment is not 
defective and is in safe and satisfactory operating condition.  Notify the 
Contracting Officer [7] [_____] days prior to the dates and times for 
acceptance tests.  Each unit shall be given a running field test in the 
presence of the Contracting Officer for a minimum of [2] [_____] hours.  
If any deficiencies are revealed during the tests, such deficiencies shall 
be corrected by the manufacturer and the tests shall be repeated.  Submit 
Test Reports in booklet form showing field tests performed to adjust each 
component and to prove compliance with the specified performance criteria 
upon completion and testing of the installed system.  Test methods used 
shall be identified and test results shall be recorded.  Each test report 
shall indicate the final set point of each control device.  Test reports 
shall be provided for pre-startup testing and startup performance testing; 
also include test reports showing the results of factory tests performed.

3.3.3   Manufacturer's Service

Services of a manufacturer's representative who is experienced in the 
installation, adjustment, and operation of the equipment specified shall 
be provided.  Representative shall supervise the installation, adjustment, 
and testing of the equipment.  Up to [5] [7] [10] [_____] days of service 
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shall be provided.

3.4   STARTUP AND OPERATION

**************************************************************************
NOTE:   Pr e- st ar t - up pr ocedur es shoul d be pr ovi ded 
f or  each component  of  t he P/ C/ F syst em and 
pr ocedur es shoul d be pr ovi ded f or  st ar t - up of  t he 
whol e syst em.   The st ar t up pl an must  i ncl ude 
pr e- st ar t up checkout s,  pr e- st ar t up t est i ng,  and t he 
act ual  st ar t up.   The f ol l owi ng sect i ons descr i be 
st ar t up oper at i ons of  a P/ C/ F t r eat ment  syst em.   The 
st ar t up pr ocedur e f ol l ows a pl anned sequence of  
event s f or  each component  of  t he syst em.

**************************************************************************

3.4.1   Hydrostatic Tests

**************************************************************************
NOTE:   The t est  pr essur e shoul d not  exceed 130 
per cent  of  t he r at ed pr essur e.   Test i ng of  pi pe and 
f i t t i ngs shoul d be speci f i ed i n t he same sect i on 
wher e t he pi pe i s speci f i ed i n.

**************************************************************************

After installation, all tanks shall be tested for leaks or damage in 
shipment.  The tanks shall be hydrostatically tested [to [_____]  kPa  psig ] 
[as indicated in the schedule] or 1.5 times the system operating pressure, 
whichever is greater.  The tanks shall be tested for a period of [24] 
[_____] hours.  Furnish testing plugs or caps, all necessary pressure 
pumps, pipe connections, gauges, other equipment, and all labor required.  
Damage or leaks in tanks shall be repaired or tanks shall be replaced at 
the Contractors expense.  Joints of air lines shall be tested using a 
soapy water solution to detect leaks.

3.4.2   Pre-startup Checkout

**************************************************************************
NOTE:   The pr e- st ar t up checkout s ar e desi gned t o 
ver i f y t he i nt egr i t y of  t he syst em component s pr i or  
t o pr e- st ar t up t est i ng.

**************************************************************************

Components subjected to the pre-startup checkout shall include the 
following items:

a.  Foundations shall be checked to verify that they are placed and sealed 
properly;

b.  System shall be checked to verify that all equipment has been properly 
installed and connected;

c.  Rotating equipment which requires lubrication shall be checked to 
ensure that manufacturer's procedures have been followed;

d.  Equipment shall be level and checked for proper alignment, anchored, 
and static ground wires installed;

e.  Piping, flange bolts, gaskets, and hoses shall be checked to ensure 
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that connections are tight, and flushed clean;

f.  Valves shall be checked for position and operability and flushed clean;

g.  Electrical wiring and lighting shall be checked to verify that wiring 
has been completed correctly;

h.  Continuity checks shall be performed on wiring loops;

i.  High/Low liquid level alarms on tanks, as well as pump on/off level 
controls, shall be checked for proper installation and response;

j.  Chemical feed systems shall be checked for proper installation;

k.  Chemicals shall be checked for proper type, required quantity and 
mixing; tanks shall be filled;

l.  Lockout devices and site security devices shall be checked for proper 
installation.

3.4.3   Pre-startup Testing

**************************************************************************
NOTE:   The pr e- st ar t up t est i ng of  t he syst em shoul d 
be per f or med t o ver i f y t he i nt egr i t y of  each 
component  and of  t he whol e syst em pr i or  t o act ual  
startup.

**************************************************************************

Each component of the system shall be subjected to the pre-startup testing 
as described below:

a.  Piping and hoses transporting liquid shall be pressure tested on clean 
water for at least one hour, with no loss of pressure at 1.5 times the 
working pressure; tanks shall be pressure tested at the maximum 
hydraulic head using clean water;

b.  Electrical wiring shall be tested to verify that there is no wiring 
damage or deterioration that could cause injury to personnel or damage 
to equipment;

c.  Power shall be turned on to test equipment and control systems only 
after the electrical systems are tested and certified ready for 
operation;

d.  Lighting shall be tested and put in service to support work in all 
areas of the plant;

e.  Rotating equipment such as pumps, mixers, and blowers, if used, shall 
be tested for correct direction of rotation by bumping the starter 
manually;

f.  Each pump shall be operated for a minimum of [4] [_____] continual 
hours at operating or test conditions.  Tests shall assure that the 
units, controls and instrumentation have been installed correctly, and 
that there is no over-heating, vibration or excessive noise;

g.  Depending on the complexity of the control system, testing can proceed 
from this point to verify that manual and automatic controls function 
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properly and control valves open/close.  All tanks shall be filled and 
emptied to determine if high and low level alarms sound at the 
prescribed liquid level;

h.  Safety shutdown sequences, controls/alarms and interlocks in the 
control system shall be tested to ensure that they are installed 
properly and functioning as intended;

i.  Each emergency shutoff switch shall be clearly labeled and tested to 
determine that it works properly;

j.  Electrical "lockout" devices with padlocks shall be tested to ensure 
that power has been disconnected;

k.  Instrumentation shall be calibrated before systems are put into 
service.  Pressure and temperature gauges shall be tested against 
standardized gauges.  Where NIST SP 250  calibration standards exist, 
they shall be utilized.

3.4.4   Startup Performance Testing

**************************************************************************
NOTE:   The st ar t up check and f unct i onal  per f or mance 
t est s shoul d be per f or med i n accor dance wi t h t he 
manuf act ur er ' s r ecommended pr ocedur es.   The st ar t up 
shoul d pr oceed f ol l owi ng a st ar t up pl an pr epar ed 
wel l  i n advance.   Per f or mance t est i ng begi ns wi t h 
equi pment  or  component s,  pr oceeds t hr ough syst ems,  
and ends wi t h t he compl et e t r eat ment  syst em passi ng 
i t s per f or mance speci f i cat i ons and cont r act ual  
r equi r ement s t est i ng.

**************************************************************************

Startup testing shall not be initiated until after each component of the 
system has been demonstrated to meet the requirements of the pre-startup 
testing and until written approval has been received from the Contracting 
Officer.  Once steady state operation is achieved, a functional 
performance test shall be performed as described in the following startup 
checklist:

a.  Check flow rates, pH, and contaminant levels of the wastewater feeding 
the reactor tank;

b.  Check pump operating points to verify that the actual operating point 
matches the pump curve specification for flow and pressure;

c.  Start/stop pumps from all control mechanisms;

d.  Check that current draw and voltage balance match specifications for 
all phases;

e.  Check the reagent feeding systems to verify that the actual chemical 
feed rate is within the specified accuracy range;

f.  Check the pH in the reactor to verify that operating values are within 
the design range;

g.  Adjust the reagent feed rates, and the pH control system as required 
to achieve maximum metal removals;
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h.  Monitor the composition of the effluent to verify that it meets the 
specified performance requirements.

i.  Check the clarifier overflow rate to verify that it is within the 
design range;

j.  Check the sludge collecting device to verify that it is operating 
properly, and no sludge is overflowing the weir;

k.  Check the control system to verify that the system operates within set 
parameters; and

l.  Check the monitoring systems and instruments to verify that they hold 
calibration.

m.  A successful performance test shall include [48] [_____] hours of 
operation processing water from the design influent source at design 
capacity and meeting effluent requirements with less than 20 percent 
down time.  Any deficiencies shall be corrected and performance checks 
successfully completed before the system will be accepted.  Equipment 
not capable of performing as specified shall be replaced or upgraded 
at no additional cost.  Submit Proof of Performance  and Equipment 
Certificate of Conformance  as specified.  Submit a list of the 
proposed operating conditions for process parameters to be 
continuously monitored and recorded.  Include detailed descriptions of 
the proof of performance schedule, operating conditions and 
parameters, influent sources, and required sampling and analyses.

3.4.5   Field Training

**************************************************************************
NOTE:   The f i el d t r ai ni ng pr ovi ded by t he Cont r act or  
must  be modi f i ed i f  t he pr ocess wi l l  be oper at ed by 
t he Cont r act or  f or  t he f i r st  year .

**************************************************************************

Upon completion of the installation and at a time designated by the 
Contracting Officer, conduct a field training course for a representative 
of the Government in the operation and maintenance of equipment furnished 
under the contract.  These field instructions shall cover all the items 
contained in the operation and maintenance instructions.  Training shall 
be provided for a total period of [8] [16] [_____] hours per day for a 
period of [5] [_____] days of normal working time and shall start after 
the system is functionally complete but prior to final acceptance tests.  
Field instructions shall cover the items contained in the operating and 
maintenance instructions, as well as demonstrations of routine maintenance 
operations.  A video tape of the field training course shall be prepared 
as a permanent record for future training use.

3.4.6   Operation and Maintenance Manual Updates

**************************************************************************
NOTE:   The O&M Manual  i s i nt ended f or  use by 
oper at i ng per sonnel  and shoul d be adapt ed t o t he 
par t i cul ar  f eat ur es of  t he equi pment  i nst al l ed;  
t her ef or e,  t he document  must  be wr i t t en f or  t he 
operator.

**************************************************************************
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The O&M manual shall include the following:

a.  General description of the treatment process;

b.  A detailed description of equipment;

c.  Process flow diagram;

d.  Piping and instrumentation diagrams;

e.  Certified drawings for equipment components and equipment layout;

f.  Practical operating procedures including performance testing, 
influent, and effluent concentrations, and trend analysis of influent;

g.  A complete set of fully updated and annotated piping and instrument 
diagrams, process flow diagrams, instrument indexes, control ladder 
logic diagrams,  description of controls, alarms, interlocks, 
instrument interface, and maintenance procedures;

h.  Specialty items such as type of oil and grease, desiccants, tools, 
analytical instruments, etc.;

i.  Initial startup procedures;

j.  Emergency and scheduled shutdown procedures;

k.  Monitoring and quality control, spill controls;

l.  Equipment specifications;

m.  A list of modes of failure for each piece of equipment;

n.  Fault/failure analysis, and trouble shooting guide;

o.  List of spare parts;

p.  Process safety and protective equipment requirements; and

q.  Record keeping (electronic or other) requirements.

In order to plan all the inspection and maintenance operations required 
for plant operation, a maintenance schedule shall be provided.  The 
maintenance schedule shall include:

a.  Scheduled maintenance procedure for each piece of equipment;

b.  Sensor and measurement device calibration frequency;

c.  Periodic reports regarding consumption of chemicals such as acid, 
caustic, polymer, and coagulants;

d.  Electronic or other recording data;

e.  Personnel training requirements;

f.  The time required for each maintenance task;
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g.  Equipment shutdown and lock and tag requirements during 
maintenance/repair; and

h.  Mothballing and preservation procedures for equipment layaway.

The entire schedule and the results of each task shall be recorded for 
future analysis.  Other items shall be included as follows:

a.  Spare parts list with suppliers and costs;

b.  Plant utility requirements such as electrical, air, drinking water, 
service water, telephone, and sewer;

c.  Detailed safety procedures for chemical handling; and

d.  Name, address, and telephone number of technical personnel to contact 
in case of an emergency related to the treatment system.

Final acceptance of the P/C/F system will not be given until these 
documents have been supplied, reviewed, and approved.

3.4.7   System Operation by Contractor

The first period of operation shall not be initiated until after the 
Contractor has successful completed all work and received written approval 
from the Contracting Officer.  Continue to operate the system for a period 
of [30 days] [6 months] [1 year] [_____] being responsible for operations, 
process monitoring, maintenance, chemical testing, and record keeping 
during operation in conformance with this specification.

3.5   SPARE PARTS

Submit a list of spare parts with the manufacturer's part number, a 
current unit price and source of supply for each different material or 
equipment specified, after approval of the related submittals and not 
later than [_____] months prior to the system startup.  The list shall 
include: 1) parts recommended by the manufacturer to be replaced during 
the first [_____] years of service, 2) a list of special tools recommended 
by the manufacturer for each type of equipment furnished including special 
tools necessary for adjustment, operation, maintenance, and disassembly 
and 3) spare parts data for each different item of equipment and materials 
specified.

         -- End of Section --
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