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EAST RIO HONDO WATER SUPPLY CORPORATION 

SUBDIVISION & NON-STANDARD SERVICE APPLICATION 
 
Date:       Applicant’s Legal Name:         

 

If Applicant is an entity, provide a Point of Contact (name and title):       

 

             

 

Applicant’s Address:             

 

             

 

Phone Number:        Cellular Number:       

 

Fax Number:         Other Number:       

 

Subdivision Name:             

 

Total Acreage:      # of Proposed Lots:      Deed Vol.    Pg #    

 

Subdivision Engineer:            

 

Engineer Ph #:        Engineer Fax #:       

 

Legal Description of Property and Directions from Nearest Highway Intersection:  

 

             

 

Special Service Needs or Conditions:           

 

Applicant’s Signature:            

 

ACKNOWLEDGMENT 
 

STATE OF TEXAS  § 

  § 

COUNTY OF     § 
 

BEFORE ME, the undersigned, a Notary Public in and for said County and State, on this day personally appeared 

 

         known to me to be the person(s) whose 

name(s) is (are) subscribed to the foregoing instrument, and acknowledged to me that he (she) (they) executed the same 

for the purposes and consideration therein expressed. 

 

GIVEN UNDER MY HAND AND SEAL OF OFFICE THIS THE       day of   , 20 . 

 

            

      Notary Public in and for 

          County, Texas 

My Commission Expires:      

 

 

The following must be provided before this application will be processed:  1) payment of an initial $300 service investigation 

fee; 2)  two blue-line copies of the proposed final plat and construction plans 3) Deed to property.  ERHWSC will complete a site 

assessment and hydraulic analysis of the proposed subdivision and determine minimum line sizes for system extensions and 

inside of the proposed development.  Additional service investigation fees and all tap related fees will be determined along with 

legal requirements.  This will be summarized for the developer in a uniform non-standard service agreement, which must be  

executed and completed prior to any construction and prior to ERHWSC Board approval of plat. 

 

(For Office Use Only)  Payment of initial $300.00 service investigation fee has been paid  Yes / No  (Circle One) 



East Rio Hondo Water Supply Corporation 
206 Industrial Pkwy. * P.O. Box 621* Rio Hondo, Texas 78583*www.erhwsc.com*Phone (956) 748-3633 Fax 748-3179 

“This institution is an equal opportunity provider and employer” 
 

The following are the requirements for developers of subdivisions requesting service from East Rio Hondo 
Water Supply Corporation (ERHWSC): 
 

1. Completely filled out Subdivision Application  
2. $300.00 Subdivision Investigation Fee 
3. Minimum $500.00 Investigation Fee per hydraulic analysis.  ERHWSC will perform a hydraulic 
analysis of the proposed subdivision to determine minimum water line sizes or system extensions and 
inside of proposed development or if fire flow is required.  
4. 2 Blue-line copies of the Final Subdivision Plat 
5. 2-Blue-line copies of Final Construction Plans or Preliminary Plat if construction plans are not 
necessary.  If construction is necessary, ERHWSC’s Subdivision Specifications/Requirements can be 
found by visiting https://erhwsc.com/developers.  
6. Copy of Deed (Proof of ownership of land to be subdivided) 
7. ERHWSC will provide developer with a Uniform Non-Standard Water Service Agreement 
outlining these requirements and must be approved by the Board and executed by the Developer. 
8. 2-Mylar Copies of completed Final Subdivision Plat with all signatures. 
9. All fees must be paid ($3,465.00 / lot if Development is within the bounds of an irrigation 
district; $4,016.94 /lot if Development is not within the bounds of an irrigation district) 

 
Fees included: 
 

$180.00 Membership Fee 
$535.00 Meter Installation Fee 
$1,400.00 Impact Fee 
$1,350.00 Water Rights Fee (Within Irrigation District Boundaries); or 
$1,901.94 Water Rights Fee (Not within Irrigation District Boundaries) 

https://erhwsc.com/developers


East Rio Hondo Water Supply Corporation 
206 Industrial Pkwy. * P.O. Box 621* Rio Hondo, Texas 78583*www.erhwsc.com*Phone (956) 748-3633 Fax 748-3179 

“This institution is an equal opportunity provider and employer” 
 

 
 
The following language should be noted on plat under NOTES or DEED  
RESTRICTIONS: 
 
 
 

The East Rio Hondo Water Supply 
Corporation (ERHWSC) Utility Easements  
are exclusive and shall not be fenced.  ERHWSC will remove 
said fences, obstructions, buildings, plantings, or other 
encroachments without notice, at expense to the Landowner, 
with no liability to ERHWSC. 

 
 
 

 
The Signature block should read as follows: 

 
 
 

This plat of XYZ Subdivision has been considered and  
approved by East Rio Hondo Water Supply Corporation (“ERHWSC”) of 
Cameron County, Texas.  ERHWSC hereby certifies that potable water is 
available to the subdivision in accordance with ERHWSC’s Uniform 
Subdivision Non-Standard Water Service Agreement executed by 
_______________________, ERHWSC’s regulations, and 
payment of appropriate fees.  Any modification to this plat after this date 
shall cause this approval to become void. 
 
Dated this ______ day of ___________, 20___ 
 
 
Approved by: ____________________________ 
    General Manager 



East Rio Hondo Water Supply Corporation
206 Industrial Parkway  P.O. Box 621  Rio Hondo, Texas 78583
“This Institution is an Equal Opportunity Provider and Employer”

PAGE 1 OF 11

SUBDIVISION SPECIFICATIONS/REQUIREMENTS
Date:  March 28, 2022

WATER DISTRBUTION REQUIREMENTS

1. All water lines will be placed in a 15-ft (in water CCN only areas) or 20-ft private
non-fenced easement adjacent to the road right of way.  This easement will be deeded to
East Rio Hondo Water Supply Corporation (ERHWSC) via a written right-of-way
easement agreement for the subdivision and drawn on the plat as well.  Water lines will
not be laid in road right of ways except for crossings.

2. All materials to be used on a new subdivision will be inspected by ERHWSC
before installation.  This includes pipe, valves, fittings, meter boxes, copper tubing, etc.
All fittings, valves, taps, and casings must be observed by ERHWSC before burying, or
the contractor will dig them up for inspection, with no exceptions.  Work done on
weekend must be left open for Monday inspection or uncovered later.  ERHWSC can be
notified of construction activities needing inspection at (956)-748-3143 or 3633.
Inspections will be conducted within 24 hours of notification.  Subdivider or Developer
will pay for all material testing (geotechnical) and professional inspection as required
and/or conducted by ERHWSC for the subdivision or development.

3. All water mains will be Ultra-Blue Class 200 or PVC rubber gasketed pipe
(ASTM F1483) or Class 200 SDR 21, unless otherwise allowed by ERHWSC.  Pipe in
casing will be Yelo-mine Certa-Lok pressure pipe with Ranger II casing skids, unless
otherwise allowed by ERHWSC.  Pipe must not be older than 12 months at time of
installation and must be WHITE in color with no sun discoloration.  Water mains on
developments and subdivisions will be 6" minimum diameter, and adjacent to through
County roads will be 8" minimum diameter pipe.  Subdivisions or developments with fire
hydrants will utilize 8" minimum diameter pipe.

4. All fittings 4-in and smaller may be Harco, or preapproved equal, rubber
gasketed, Class 200, white, PVC fittings, or ductile iron Class 350 mechanical joint
fittings.  This includes tees, 90° bends, 45° bends, and 22.5° bends.  End caps for flush
valves on 4, 6, and 8-in pipe will be Class 350 ductile iron mechanical joint with 2-in
threaded IPS center outlet.  All fittings 6-in and larger will be Class 350 ductile iron
fittings with connections as specified on each project.  Ductile iron fittings are to be made
in the U.S.A. for quality assurance or as otherwise approved by ERHWSC.  Fittings may
not be made in China.  T-bolts on mechanical joints must be Corten.  Mechanical joint t-
bolts, and bolts and nuts must be greased.  Flanged bolts must be 304 or 316 SS.  The
entire fitting must be wrapped in 6-mil polyethylene plastic, duct taped, and tied with
nylon string over the tape.  Valve clusters will be assembled and inspected above ground
before installation on the pipe.

5. Valves will be Mueller A-2360 resilient wedge gate valves.  All exterior bolts
must be 304 or 316 stainless steel (SS).  All mechanical joint t-bolts and nuts must be
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coated in grease.  Tapping valves will be mechanical joint by flange.  2-in flush valves
will be FPT X FPT and of same model as above.  Flange bolts and nuts must be 304 or
316 SS.  All valves must be completely wrapped in 6-mil polyethylene plastic excluding
the operating nut.  The plastic must be duct taped shut and tied with nylon string.

6. Valves and fittings must be thrust-blocked with concrete.  Joint restraint will be
required where necessary.

7. The end of each line will have a flush assembly or a flush hydrant.  Flush
assemblies will be approved by ERHWSC before installation.  Two-inch or four-inch
flush assemblies may be specified.  For 2-in flush valves, caps with 2-in threaded outlet
on the end of PVC piping must be secured with Mega-Lug, All-Grip or approved equal.
All horizontal piping on the flush valve and the lower 90° bend will be brass.  Upper 90°
bends and 72-inch vertical 2-inch piping will be galvanized pipe.  The flush valve
assembly must have a 2-in close brass nipple with PVC cap at the discharge end.
Engineering design must incorporate minimizing dead-end lines.

8. All through-road, drain-ditch, and highway crossings will be cased with steel
pipe.  Pipe will be 0.375-in wall thickness for state highway, railroad, and drain-
ditch/canal crossings, and 0.25-in wall thickness for city and county road crossings.  All
piping inside of steel casing must be wrapped with Ranger II casing spacers (plastic
skids) at every 6 feet.  Road or highway service crossings will be with 2” Yelo-mine
Certa-Lok PVC pressure pipe inside 4” SDR 35 casing.  All casing must be approved for
use by ERHWSC before installation.

9. Only single water connections will be used (No double service connections).  All
taps to the water main will be at least 5’ from all power poles.  Taps will be at least 6’
apart.  All taps will be at 3 or 9 o’clock on the main.

10. All tapping saddles will be brass ¾-in or 1-in IPS, Ford S71 or equal as approved
by ERHWSC.

11. Corp stops will be ¾-in or 1-in Ford F-1100 or equal as approved by ERHWSC.

12. Angle stops will be Ford Angle Ball Meter Valve BA43-232W with locking top
or equal as approved by ERHWSC.

13. Tubing will be ¾-in high density polyethylene.

14. Meter boxes will be black plastic, DFW model D1200-B/O with plastic
overlapping lid with cast-iron reader.  Pin support on reader will be 304 or 316 SS.
ERHWSC will approve solid blue plastic overlapping lids with no cast-iron reader in
Automatic Meter Reading zoned areas.  Meter boxes will be located a distance from the
property line as indicated on the ERHWSC Waterline Detail Sheet, and may not lay in
dual utility easements.
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15. Valve boxes will be cast iron and made in U.S.A. or as otherwise approved on
individual case basis by ERHWSC.  Boxes may not be made in China.  Extensions may
be made with PVC pipe approved by ERHWSC.  Valve boxes will be set flush to the
ground on ERHWSC easement and 12-in below ground on state or county property and
soil beneath and around the valve box must be compacted to prevent settling.

16. Valve markers will be placed in concrete at the right of way/private property
interface for each valve.  Markers will be provided by ERHWSC.  Lettering must face the
road.

17. Meter boxes will be set with the lid 1.5-in above the ground and soil beneath the
meter box must be compacted to prevent settling.

18. All water mains will have at least 48-in of cover on the pipe in ERHWSC
easement.  On state highway or county road crossings, the steel casing must have 48-in of
cover minimum under the pavement and 24-in at the centerline of the ditch.  Sand
bedding will be provided 6-in minimum on all sides of the pipe.  A 6-in bedding will be
placed in the trench before the pipe.  The pipe is then laid and sand backfill is manually
tamped under the pipe haunch up to the spring line.  From the spring line up, sand
backfill is placed in 6-in lifts and manually tamped.  6-in blue and silver Detectatape &
Markline (tape) as manufactured by Allen Systems will be buried, centered on the pipe,
with no more than 18-in of cover on the tape.  The trench must be water-jetted after
completion before final approval.

19. Line extension taps on all mains larger than 2-in will be made using all stainless
steel tapping sleeve such as JCM Model 452 or cutting in a ductile iron tee.  Flange bolts
and nuts between the gate valve and tapping sleeve or tee will be 304 or 316SS.
ERHWSC will specify use of a cut-in tee or stainless steel tapping sleeve for each tap.
ERHWSC will provide all cut-ins and taps on its existing distribution mains or be
continually present on site when an experienced approved contractor does the work.

20. Upon completion, the new water system will be filled from the existing ERHWSC
distribution system.  The existing system must be tapped with a brass saddle with 2-in
discharge and gate valve or corporation stop.  Water will flow to the new system through
a 2-in backflow prevention device provided by ERHWSC.  Water will enter the new pipe
through a 2-in valve/corporation stop and brass saddle.  The new system will be tested at
125 psi overnight (14 hour minimum).  The pressure loss shall not exceed 5.0 psi.  The
pressurization equipment must be positioned downstream of the backflow preventer.  A
pressure recording chart and gauge will be located on a system flush valve or meter
service.  Lines larger than 12” may be filled with a larger tap and backflow preventer to
be approved by ERHWSC.

21. After the pressure test is passed, the new system must be hyperchlorinated to 50
ppm.  After 24 hours contact time, the system must be flushed and bacteriological
samples collected by ERHWSC personnel at each flush valve or every 1000-ft,
whichever is greater.  ERHWSC must observe hyperchlorination and flushing.
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22. Upon receipt of non-detect bacteriological results, and all other requirements
noted above are met, ERHWSC will provide the subdivider with certification that the
subdivision has passed all requirements.

23. Unless ERHWSC administers the construction contract for the subdivision, the
subdivider will be responsible for all meter taps and boxes until each lot is sold.  At that
time the buyer will become responsible.  If the Subdivider contracts the work, he/she will
provide ERHWSC a one-year warranty on the system.  If this warranty is not met in an
expedient manner, service will not be provided to any lots until the subdivision owner
clears all debts and penalties to ERHWSC for system repairs.  Contractors must be
approved by ERHWSC before bidding construction work and must list ERHWSC as
additional insured on their liability and automobile policies.

24. If the property being developed lays in any city’s extra territorial jurisdiction
(ETJ) or city limits, the city’s written comments on the subdivision/development must be
obtained before submission of the plat to ERHWSC.

25. The developer must execute a Uniform Subdivision Non-standard Service
Agreement with ERHWSC, which includes terms of the 30-year service contract in
accordance with the Texas Water Development Board Model Subdivision Rules (if
required), and pay all fees and/or provide required water rights before any construction
may begin.  Both contracts will be contingent upon County approval of the subdivision.

26. Mueller Super Centurion 250 mechanical joint (MJ) fire hydrants, isolated via a
6" Mueller Flange by MJ gate valve, will be allowed on the subdivision if painted red
with a white bonnet (cap).
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SANITARY SEWER REQUIREMENTS

1. All sanitary sewer lines will be placed in a 20-ft private non-fenced easement
adjacent to the road right of way.  This easement will be deeded to East Rio Hondo Water
Supply Corporation (ERHWSC) via a written right-of-way easement agreement for the
subdivision and drawn and dedicated on the plat as well.  Sanitary sewer lines will not be
laid in road right of ways except for crossings.  Only single wastewater service
connections will be used (No combined service connections before the mainline sewer
tap).

2. All materials to be used on a new subdivision will be inspected by ERHWSC
before installation.  This includes pipe, manholes, valves, fittings, wetwells, pumps
controls, all electrical components, etc.  All manholes, wetwells, fittings, air release
valves, cleanouts, and casings must be observed by ERHWSC before bury, or the
contractor will excavate for inspection, with no exceptions.  Work done on weekend must
be left open for Monday inspection or uncovered later, or ERHWSC must be fully
reimbursed for weekend overtime inspection hours.  ERHWSC can be notified of
construction activities needing inspection at (956)-247-7741 or 956-748-3633.
Inspections will typically be conducted within 24 hours of notification.  Subdivider or
Developer will pay for all material testing (geotechnical) and professional inspection as
required and/or conducted by ERHWSC for the subdivision or development.

3. All sanitary sewer gravity lines shall conform to ASTM D-3034 and be SDR-35
or SDR-26 or ASTM F-679 and be PS-46, unless otherwise allowed or requested by
ERHWSC.  Joints shall meet the requirements of ASTM D-3212.  Joint seals shall be
compression type rubber gaskets in compliance with the requirements of ASTM F-477.
Pipe shall be installed in accordance with ASTM D-2321 and the manufacturer’s
recommendations.  Gravity sewer pipe must not be older than 12 months at time of
installation and must be GREEN in color with no sun discoloration.

4. Pipe and fittings for property service connections shall be installed using
Polyvinyl Chloride Pipe (PVC).  The pipe for service lines crossing potable water lines
shall be SDR-26 and shall be manufactured in accordance with ASTM D-3034 with
compression type rubber gasket joints conforming to ASTM D-1869.  Service connection
pipes and fittings which do not cross potable waterlines will be SDR-35.

5. All sanitary sewer pressure mains (force mains) shall conform to ASTM D-1784
and be DR-26 or AWWA C-900.  All sanitary sewer pressure mains must not be older
than 12 months at time of installation and must be GREEN in color with no sun
discoloration.  PVC pressure pipe within lift station wetwells and valve vaults shall be
Yelo-mine Certa-Lok SDR21 Class 200 (ASTM D2241) RJ Restrained Joint PVC Pipe
and yellow in color.  Polyvinyl chloride pipe for directional bored force mains shall
conform to Fusible AWWA C-900 DR-25 PVC or Yelo-mine Certa-Lok PVC pressure
pipe.  Pipe within casing shall be the same Yelo-mine Certa-Lok pressure pipe as
described above with all PVC casing skid spacers manufactured by Ranger II or approved
equal (no metal components allowed).
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6. Fiberglass manholes shall be a one-piece monolithic designed unit constructed of
glass-fiber reinforced polyester (fiberglass) meeting H-20 wheel load (minimum 16,000
pounds dynamic wheel load) as manufactured by Containment Solutions, Inc.  Fiberglass
manholes shall be manufactured in accordance with ASTM D-3753 and any applicable
Texas Administrative Code (TAC) rules to include: 30 TAC 213.5 and design criteria for
sewerage systems 30 TAC 217.53, 30 TAC 217.54, 30 TAC 217.54 and 30 TAC 217.55,
or any revisions thereto as applicable.  Manholes are required to have a minimum of ½
inch thick resin fiber reinforced bottom and a minimum 3-inch anti-flotation ring.
Manhole inverts and benches shall be factory installed utilizing non-corrosive materials
encapsulated in fiberglass with a minimum 1/4” thickness.  The manway reducing cone
section shall be centered on the manhole barrel and must provide a bearing surface on
which a standard ring and cover may be supported and adjusted to grade. The reducer
shall be joined to the barrel section at the factory with resin and glass fiber reinforcement,
thus providing required monolithic design to prevent infiltration and/or exfiltration
through the manhole.

Connections for sewer pipeline and drop connections sizes 4” - 12” shall be made by
means of Inserta-Tee watertight compression connection on existing manholes.  On new
construction said connections shall be factory installed.  Installation shall be in strict
accordance with manufacturer’s written instructions utilizing installation equipment
approved for use by the manufacturer of the Inserta-Tee fitting.

Manholes shall be installed with a 12-inch thick (including the 3-inches of concrete
above the anti-flotation ring), 4,000-psi concrete pad with No. 6 rebar at 6-inch on-
center-each-way (OCEW), extending outside the manhole wall by a minimum of 12” in
all locations.  Concrete pads shall be installed on a 12” thick crushed limestone leveling
course (if necessary) on top of a single mat of biaxial geogrid.  Larger concrete pads will
be required for larger diameter manholes and may be necessary to meet buoyancy
requirements.

7. Manhole cover and frame shall be a 30” CAP ONE-30 composite ring and cover
with 316 stainless steel 4-bolt system for a water-tight seal.

To bring the manhole to finished grade and provide support for ring and cover, construct
chimney using HDPE rings by Lad Tech or approved equal and install as per
manufacturer’s requirements.  Butyl mastic MUST be used between the grade rings as
per manufacturer’s recommendation.

Manhole concrete tops shall be a centered 6-foot x 6-foot poured monolithically with a 6-
inch-thick manhole concrete collar extending 6-inches below the manhole cone-barrel
joint.  Concrete tops shall be 3000-psi concrete pad with No. 5 rebar at 8-inches OCEW.
ERHWSC staff or engineering inspection must approve forms and reinforcement before
concrete pours and must be present during concrete pours.
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8. Force main isolation valves will be Crispen K-flo Series 800 ball-type plug
valves, for wastewater applications.  All exterior bolts must be 304 or 316 stainless steel
(SS).  All mechanical joint t-bolts and nuts must be coated in grease.  Bellow ground
installations will be mechanical joint connections.  Above ground installations will be
flanged connections.  All valves must be completely wrapped in 8-mil polyethylene
plastic excluding the operating nut.  The plastic must be duct taped shut and tied with
nylon string.

9. Valves and fittings must be thrust-blocked with concrete.  Joint restraint will be
required where necessary.  Valve boxes will be cast iron and made in the U.S.A. or as
approved by ERHWSC.  Boxes made in China are not accepted.  Extensions may be
made with PVC pipe approved by ERHWSC.  Valve boxes will be set flush to the ground
on ERHWSC easement and 12-in below ground on state or county property. Standard
ERHWSC valve markers will be placed in concrete at the edge of the right of way for
each valve.  Markers will be provided by ERHWSC.  Lettering must face the road.

10. All force main road, drain-ditch, and highway crossings will be cased with steel
pipe.  Pipe will be 0.375-in wall thickness for state highway and drain-ditch/canal
crossings, and 0.25-in wall thickness for city and county road crossings.  All piping
inside of steel casing shall be Yelomine Certa-Lok pipe with Ranger II casing spacers
(plastic skids) at every 6 feet and PSI Model “C” or “W” Wrap-around end seals.  All
casing must be approved for use by ERHWSC before installation.

11. All gravity sewers and force mains will have at least 48-in of cover on the pipe in
ERHWSC easement.  On state highway or county road crossings, the steel casing must
have 48-in of cover minimum under the pavement and 24-in at the flowline of the ditch.
Sand bedding will be provided 6-inch minimum on all sides of the pipe or as per
manufacturer’s recommendations, if greater.  A 6-inch bedding will be placed in the
trench before the pipe.  The pipe is then laid and sand backfill is manually tamped under
the pipe haunch up to the spring line.  From the spring line up, sand backfill is placed in
6-in lifts and manually tamped.  A 6-inch-wide green detectable tape with “Sewer” noted
on tape will be buried, centered on the pipe, with no more than 18-in of cover on the tape
or as per manufacturer’s recommendations.

12. Force main air release valves shall be required at force main high points and on
both sides (upstream and downstream) of any drainage canal, irrigation ditch, resaca, or
other crossing or structure causing a significant elevation change.  Air release valves shall
be ARI D025 combination air valve for wastewater and be installed in accordance with
ERHWSC Standard Automatic Air Release Valve detail.

13. Force main fittings will be ductile iron, mechanical joint in accordance with
ANSI/AWWA C111/A21.11, ANSI/AWWA CI53/A21.53, with a (200) pounds per
square inch minimum pressure rating unless otherwise shown or specified.  Ductile iron
fittings and specials shall be lined on the interior with ceramic epoxy Ceramapure PL90
or equal and coated on the exterior with a bituminous asphaltic coating for corrosion
resistivity.  Fittings shall be installed with mega-lug or approved equal.  Ductile iron
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fittings are to be made in the U.S.A. for quality assurance or as otherwise approved by
ERHWSC.  Fittings may not be made in China.  T-bolts on mechanical joints must be
Corten.  Mechanical joint t-bolts, and bolts and nuts must be greased.  Flanged bolts must
be 304 or 316 SS.  The entire fitting must be wrapped in 6-mil polyethylene plastic, duct
taped, and tied with nylon string over the tape.  Valve clusters will be assembled and
inspected above ground before installation on the pipe.

14. TESTING – All installed sections of the gravity sewer system shall be tested
using low air pressure tests and mandrel tests per TCEQ standards.  Air testing will
achieve two times the value of T as per Equation C.3, 30 TAC 217.57, before the loss of
1.0 psi of air pressure.  Mandrel testing shall be conducted no sooner than 30 days after
installation, backfilling, compacting, and water jetting (flooding) the gravity sewer
pipeline trench, nor later than 12 months after installation, backfilling, compacting, and
water jetting the gravity sewer pipeline trench.  The test results will be used to evaluate
materials and construction methods on the pipe line sections, and successful mandrel and
air tests shall be mandatory for the acceptance of the lines.

After completion of manhole construction, or rehabilitation, test manholes for water
tightness using vacuum testing procedures before pouring the concrete top.  The vacuum
test will start at 10” of Hg and the two-minute test starts when the pump is off, and the
manhole must hold 9” of Hg after two minutes.  Manholes shall be tested after
installation with grade rings, manhole ring, and all connections (existing and/or
proposed) in place.

Additional leakage tests may be requested by ERHWSC at any time to determine whether
or not there is infiltration and to assure that the sewer section is substantially watertight.

Upon completion of all testing requirements and prior to final acceptance, all gravity
sewer lines shall be cleaned of soil, sand, rocks, solids, grit and other debris, thus
improving flow and facilitating television inspection for sewer evaluation. Cleaning
includes initial manhole wall washing by high-pressure water jet. Immediately after
cleaning, the gravity sewer shall be televised to document the condition of the line.  A
television inspection report shall be provided on a high-quality video (including audio)
MPEG4 format with corresponding location instructions.  The electronic video shall be
provided on flash-drive or other approved digital format labeled by line segment.
ERHWSC reserves the right to have the developer repeat the process until the work is
accepted.  Any sags creating standing water, damaged gaskets or other deficient
installation shall be repaired.  Final determination of repairs shall be at the sole discretion
of ERHWSC.

Force mains shall be pressure tested for a minimum of 14 hours overnight with a
minimum of 125 psi and no pressure loss greater than 5.0 psi.

The Contractor shall furnish all labor and material required to complete all testing and
cleaning requirements.
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15. LIFT STATIONS – Wastewater lift stations shall be constructed with submersible
pumps housed in a fiberglass wet well with reinforced concrete base and top slabs with
an above ground valve assembly and electrical rack.  The design of the lift station shall
be such that the pumping units can be easily removed from the wet well for inspection or
service without disconnecting or disturbing the discharge piping.

Wet Well Structure – Wet well structure shall be fabricated with a one-piece fiberglass
reinforced polyester wet well, with solid fiberglass bottom, as manufactured by
Containment Solutions, Inc. and in accordance with ASTM D 3753.  The wet well will be
embedded into reinforced concrete top and bottom slabs which extend outside the wet
well wall by a minimum of 18” in all directions.  Top slabs shall be 8-inches thick above
the fiberglass with no loading on the fiberglass wet well.  The top slab shall be supported
by cement stabilized sand installed between the wet well exterior wall and the entire void
created by the site excavation.  A 3” sand cushion shall be installed between the top of
the fiberglass wet well and the bottom side of the top slab.  The bottom slab shall be
designed to meet the buoyancy requirements but no less than 12-inches thick.  The top
slab shall have a finished elevation of at least 18-inches above the elevation of the
adjacent roadway crown and at least 24-inches above any 100-year flood plain.  The
interior floor slab/wet well/wall interface shall be grout filled at a 1:1 slope for a length of
18-inches towards the center of the wet well.  The void between the exterior of the wet
well after installation and the site excavation shall be back-filled with a mixture of 1.5
sacks of Portland cement to 1 ton of concrete sand or high-quality bank sand (see
attached material specifications) and the appropriate amount of potable water.  The
cement stabilized sand will be installed in the entire excavation area, up to a level of 4-
inches below bottom of the top slab (to match the sand cushion beneath the top slab).
Each 12” lift of cement-stabilized sand may be compacted manually or water jetted to
ensure saturation and sufficient settling.  The top slab loading must be carried by the
exterior ring of cement stabilized sand and must not vertically load the fiberglass wet
well.  A top slab extension with separate cold-joint must be provided for the discharge
valve header assembly.  The cement stabilized sand will taper at the top at an angle not to
exceed 20° to the finished site elevation.  The cement stabilized sand will have a
minimum compaction strength of 100 psi in 48 hours and 250 psi in 7 days.  Alternatives
to cement stabilized sand are flowable fill (provide engineering design to ERHWSC for
approval) or concrete piers extended from each corner of the bottom slab to the top slab
with 12” lifts of select fill (see material specifications) to 4” below the final grade of the
fiberglass wet well.

Access Hatch - Access hatches, frames and grating shall be of all aluminum construction
with hardware, such as hinges, nuts, bolts, locking devices, etc., being 316SS.
Manufacturer of access hatches, frames, and grating shall be K&B Steel, Clarksville, TX,
or as otherwise approved by ERHWSC.  Each access cover shall have a safety latch to
hold the cover in an open position.  A "safety hatch" type accessory shall be included to
provide fall-through and confined space access protection as required by OSHA.  Cover
frames shall be self-draining type and include provisions for mounting upper guide rail
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brackets and cable rack.  The hatch opening shall be sized to provide a clear opening to
freely remove each pump without maneuvering the pump.

Pump Guide Bars, Cable Rack, & Lifting Chain – Pump guide bars shall be a dual rail
316 stainless steel schedule 40 pipe sized according to the manufacturer’s
recommendations but, not less than 2 inches.  Pump guide bars shall be held in place by
upper and lower guide bar supports.  Upper guide bar support shall be 316 stainless-steel.
Lower guide bar supports shall be an integrally cast boss on the discharge connection and
arranged such that the guide bar is held in place by sliding over the boss.  Hardware shall
not be required in the wet pit to hold the guide bar in place except for intermediate guide
bar supports (316SS) for guide bars lengths of more than 12 feet long.

The cable rack shall be 316 stainless steel and shall be attached to the underneath side of
the access cover frame.  Cable kellems shall be connected to the cable rack on separate
hooks with individual kellems for each pump cable, float level sensor and level
transducer.

Pump lifting chain shall be 316 stainless steel of strength sufficient to lift two-times the
pump weight and should be attached to the pump lifting handle with a 316 stainless-steel
clevis.  The length of the lifting chain shall be such that it extends a minimum of 10 feet
above deck level.

Level Control System - The Level Control System shall consist of a laser level transducer
and an associated Programmable Logic Controller shall actuate the pumps on an
alternating "lead-lag" with over-ride basis, with independently adjustable lead pump and
lag pump start levels.  A Back-Up Redundancy float system shall be comprised of four
mechanical tilt float switches (J.E. Rhombus, or as otherwise approved by ERHWSC);
one at high level, two alternating lead-lag levels, and one at the stop pumps level.

Discharge Piping - Discharge piping shall be Certa-Lok Yelomine PVC pipe with
Schedule 80 glued connection fittings.  All discharge pipe penetrations through the
fiberglass wet well shall be through the top of the wet well.  The penetration through the
wet well fiberglass top shall be circular cuts utilizing an appropriately designed hole saw
cutter.  Only diamond tip hole saws may be used.  The coupons must be removed from
the wet well along with any debris.  SDR-35 PVC pipe sleeve of appropriate diameter
will be glassed to the roof of the wet well with the manufacturer’s recommended resin
and mat material, forming a sleeve for the vertical yelomine discharge piping.  The sleeve
bottoms shall rest on the fiberglass top and the sleeve tops will be flush with the top slab
final grade.  The fiberglass cut at the initial hole must be covered with resin to seal the
cut fiberglass and should be incorporated with the vertical pvc sleeve that is glassed in
place.  The position of the holes will be positioned between the fiberglass wet well wall
and the wet well hatch opening with spacing appropriate to the factory installed pipe wall
bracing brackets (see ERHWSC construction detail sheet).  The yelomine discharge
piping will be located in the center of the penetration in the wet well roof and so aligned
by using two internal wet well schedule 80 solvent weld fittings per discharge pipe.  The
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discharge pipe will be installed with a Link Seal at the interface with the SDR-35 pipe
sleeve.  The Discharge piping shall be supported on the inside of the wet well with
fiberglass angle wall bracing brackets (see ERHWSC construction detail sheet) and
316SS U-bolts and nuts, contractor to drill the angle from factory installation in the field
as necessary.

All wet well surfaces (except for the fiberglass wet well, face of base elbow pump mating
surface, power and control cables, and 316 stainless steel guide rails) shall be coated with
15 mils DFT of Polibrid 705X concrete precoat and 80  mils DFT of Polibrid 705
Topcoat (in accordance with manufacturer’s recommendations), or alternate coating
system approved in advance by ERHWSC.

Discharge Header Assembly – The discharging force mains shall exit through the top of
the wet well and turn 90° to the horizontal position with 2.0’ of clearance from the
bottom of the horizontal piping to the top of the top slab.  The discharge piping shall
connect to the force main assembly comprised of check valves, plug valves, blind tees
and other fittings (see ERHWSC construction detail sheet) located above the top slab
with 2.0’ of clearance.  Each pump shall be equipped with a check valve, tee with blind
flange and shut off valve supported with a minimum of two pipe supports (Stand-On Pipe
Support System Model S-89 or approved equal).  The shut off valves shall be non-
lubricated full-port eccentric plug valves with position indicator, cast iron construction
and resilient faced plugs, with flanged connection.  Check valves shall be Series 500 with
backflow actuator.  Check and plug valves shall be manufactured by Val-Matic Valve
and Manufacturing Corp (or as approved by ERHWSC).  The valve assembly shall be
installed on a 6-inch thick concrete pad matching the finished grade elevation of the wet
well top slab and extend a minimum of 3-feet beyond any of the valve assembly piping.
Material beneath the discharge piping concrete pad must be cement stabilized sand,
installed in 12-inch lifts, and reaching the depth of the cement stabilized sand installed
around the wetwell.

All fittings for the discharge header and valve assembly shall be flanged fittings with
304SS bolts.  All ductile iron pipe, fittings, valves, and flanges adapters shall be protected
with a two-part epoxy coating of TNEMEC Series 1 Omnithane 6.0 to 8.0 dry mils plus
TNEMEC Series N69 Hi-Build Epoxoline II 6.0 to 8.0 dry mils or alternate coating
system approved in advance by ERHWSC.

Pumps & Controls – Lift station submersible pumps shall be as manufactured by Flygt or
Barnes.  Request lift station pump and control design requirements from ERHWSC prior
to initiation of any planning efforts.  (Refer to Electrical General Requirements and
Electrical Control Auxiliaries and Control Panel).

Site Improvements - The lift station shall be protected by a 6-foot high vinyl-coated
chain-link fence topped with triple barbed wire, totaling a total 8-feet height, at least 3.0-
foot inside the perimeter of the lift station property boundaries.  Site property corners
shall be marked with 2” diameter, 2-foot high, vinyl-coated fence post for locating
purposes.  Fence shall be provided with a double-swinging gate (minimum 12-foot wide)
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centered on the access roadway.  The lift station surface area shall be covered with
vegetation proof geotextile membrane, 8 ounce woven, installed on 2-inches of
compacted sand and covered with 4 inches of clean crushed limestone (1 ½-inch
diameter).  The geotextile membrane shall be sloped to drain away from the wet well,
valve vault and control panels and extend to the property line of the lift station.

The site shall be provided with a 14-foot wide all-weather driveway from the nearest
public access roadway.  The roadway shall be comprised of 6-inches of compacted (95-
percent std. proctor, +3/-2% moisture) crushed limestone, Tensar Biaxial (BX1100)
geogrid (or approved equal), and 16-foot wide compacted subgrade (95-percent std.
proctor, +3/-2% moisture).  The roadway and manhole covers must not submerge under
water after 100-year storm rain events.

Electrical Service drop and meter shall be installed on a 30-foot treated wood pole.  The
developer shall coordinate service account set-up and service installation with the electric
service provider and ERHWSC.  The service pole shall include a Heavy-Duty LED Flood
Light (Cooper Cata# LD-RC-RW-AD4-E-PER and P200S020 Bracket or approved
equal) security light.

A minimum 4-inch diameter vent pipe shall extend underground from the wet well,
directly above the inlet piping, to a separate pole from the electrical power service and
communications, terminating in a 3/16-inch 316 stainless steel mesh screen on a
gooseneck vent at a minimum height of 20 feet above the finish grade of the site mounted
on a 30-foot wooden pole in the southwest or northeast corner of the lift station site
(whichever is opposite of the electric meter, pole, and electrical rack).

Water supply inside lift station site shall be a minimum 1" service line with reduced-
pressure zone type backflow preventer assembly and 3/'4" hose bib.  Exposed water
supply system components shall be freeze-protected (self-draining, insulated, and/or
installed in thermal enclosure) and painted blue.

All lift station designs shall comply with the Owner’s lift station design criteria; Texas
Administration Code (TAC) 30 Chapter 217 requirements; and other applicable
regulatory codes, such as electrical, sanitary, safety, plumbing, etc.

16. Unless ERHWSC administers the construction contract for the subdivision, the
subdivider will be responsible for all sewer taps, manholes, and cleanouts until each lot is
sold.  At that time the buyer will become responsible.  If the Subdivider contracts the
work, he/she will provide ERHWSC a one-year warranty on the system.  If this warranty
is not met in an expedient manner, service will not be provided to any lots until the
subdivision owner clears all debts and penalties to ERHWSC for system repairs.
Contractors must be approved by ERHWSC before bidding construction work.

17. The developer must execute a Uniform Subdivision Non-standard Service
Agreement (USNSA) with ERHWSC, which includes terms of the 30-year service
contract in accordance with the Texas Water Development Board Model Subdivision
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Rules (if required) and pay all fees before any construction may begin.  ERHWSC’s
approval of the subdivision plat will be contingent upon meeting the terms of the
USNSA, and County/City approval of the subdivision.

19. Upon approval of all testing requirements noted above, ERHWSC will provide
the subdivider with certification that the subdivision has passed all requirements and the
one-year warranty will start.
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Section 31 06 20.16 - UTILITY BACKFILL MATERIALS

PART 1 - GENERAL

1.1 SECTION INCLUDES

A. Material Classifications.

B. Utility Backfill Materials:

1. Concrete sand
2. Gem sand
3. Pea gravel
4. Crushed Aggregate: Crushed stone
5. Crushed Aggregate: Crushed concrete
6. Bank run sand
7. Select backfill
8. Random backfill

C. Material Handling and Quality Control Requirements.

1.2 MEASUREMENT AND PAYMENT

A. Unit Prices.

1. No payment will be made for backfill material under this Section.  Include payment in unit price
for applicable utility installation.

1.3 DEFINITIONS

A. Unsuitable Material:  Unsuitable soil materials are the following:

1. Materials that are classified as ML, CL-ML, MH, PT, OH, and OL according to ASTM D 2487.

2. Materials that cannot be compacted to the required density because of either gradation,
plasticity, or moisture content.

3. Materials that contain large clods, aggregate, and stones greater than 4 inches in any dimension;
debris, vegetation, and waste; or any other deleterious materials.

4. Materials that are contaminated with hydrocarbons or other chemical contaminants.

B. Suitable Material:  Suitable soil materials are the following:

1. Those meeting this specification requirements.

2. Unsuitable soils meeting specification requirements for suitable soils after treatment with lime or
cement.
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C. Foundation Backfill Materials:  Natural soil or manufactured aggregate meeting Class I requirements
and geotextile filter fabrics as required, to control drainage and material separation.  Foundation
backfill material is placed and compacted as backfill where needed to provide stable support for the
structure foundation base.  Foundation backfill materials may include concrete fill and seal slabs.

D. Foundation Base:  Crushed stone aggregate with filter fabric as required, cement stabilized sand, or
concrete seal slab.  The foundation base provides a smooth, level working surface for the
construction of the concrete foundation.

E. Backfill Material:  Classified soil material meeting specified quality requirements for the designated
application as embedment or trench zone backfill.

F. Embedment Material:  Soil material placed under controlled conditions within the embedment zone
extending vertically upward from top of foundation to an elevation 12 inches above top of pipe, and
including pipe bedding, haunching, and initial backfill.

G. Trench Zone Backfill:  Classified soil material meeting specified quality requirements and placed
under controlled conditions in the trench zone from top of embedment zone to base coarse in paved
areas or to the surface grading material in unpaved areas.

H. Foundation:  Either suitable soil of the trench bottom, or material placed as backfill of over-
excavation for removal and replacement of unsuitable or otherwise unstable soils.

I. Source:  A source selected by the Contractor for supply of embedment or trench zone backfill
material.  A selected source may be the project excavation, off-site borrow pits, commercial borrow
pits, or sand and aggregate production or manufacturing plants.

J. Refer to Section 31 23 16.16 - Excavation and Backfill for Utilities for other definitions regarding utility
installation by trench construction.

1.4 REFERENCES

A. ASTM C 33 - Specification for Concrete Aggregate.

B. ASTM C 40 - Test Method for Organic Impurities in Fine Aggregates for Concrete.

C. ASTM C 123 - Test Method for Lightweight Pieces in Aggregate.

D. ASTM C 131 - Test Method for Resistance to Degradation of Small-Size Coarse Aggregate by Abrasion
and Impact in the Los Angeles Machine.

E. ASTM C 136 - Test Method for Sieve Analysis of Fine and Coarse Aggregates.

F. ASTM C 142 - Test Method for Clay Lumps and Friable Particles in Aggregates.

G. ASTM D 1140 - Test Method for Amount of Materials in Soils Finer Than No. 200 Sieve.

H. ASTM D 2487 - Classification of Soils for Engineering Purposes (Unified Soil Classification System).
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I. ASTM D 2488 - Standard Practice for Description and Identification of Soils (Visual-Manual
Procedure).

J. ASTM D 4318 - Test Method for Liquid Limit, Plastic Limit, and Plasticity Index of Soils.

K. ASTM D 4643 - Method for Determination of Water (Moisture) Content of Soil by the Microwave
Oven Method.

L. TxDOT Tex-101-E - Preparation of Soil and Flexible Base Materials for Testing.

M. TxDOT Tex-104-E - Test Method for Determination of Liquid Limit of Soils (Part 1)

N. TxDOT Tex-106-E - Test Method - Methods of Calculating Plasticity Index of Soils.

O. TxDOT Tex-110-E - Determination of Particle Size Analysis of Soils.

1.5 SUBMITTALS

A. Conform to requirements of Section 01 33 00 - Submittal Procedures.

B. Submit a description of source, material classification and product description, production method,
and application of backfill materials.

C. Submit test results for samples of off-site backfill materials to comply with Paragraph 2.3, Materials
Testing.

D. Before stockpiling materials, submit a copy of temporary easement or approval from landowner for
stockpiling backfill material on private property.

E. For each delivery of material, provide a delivery ticket which includes source location.

1.6 TESTS

A. Perform tests of sources for backfill material in accordance with Paragraph 2.3.

B. Verification tests of backfill materials may be performed by the Owner in accordance with Section 01
45 29 - Testing Laboratory Services and in accordance with Paragraph 3.3.

C. Random fill obtained from the project excavation as source is exempt from pre-qualification
requirements by Contractor but must be inspected by the testing lab for unacceptable materials
based on ASTM D 2488.

PART 2 - PRODUCTS

2.1 MATERIAL CLASSIFICATIONS

A. Materials for backfill shall be classified for the purpose of quality control in accordance with the
Unified Soil Classification Symbols as defined in ASTM D 2487.  Material use and application is defined
in utility installation specifications and Drawings either by class, as described in Paragraph 2.1B, or by
product descriptions, as given in Paragraph 2.2.
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B. Class Designations Based on Laboratory Testing:

1. Class I:  Well-graded gravels and sands, gravel-sand mixtures, crushed well-graded rock, little or
no fines (GW, SW):

a. Plasticity index:  nonplastic.

b. Gradation:  D60/D10 - greater than 4 percent; amount passing No. 200 sieve - less than or
equal to 5 percent.

2. Class II:  Poorly graded gravels and sands, silty gravels and sands, little to moderate fines:

a. Plasticity index:  nonplastic to 4.

b. Gradations:

(1) Gradation (GP, SP):  amount passing No. 200 sieve - less than 5 percent.

(2) Gradation (GM, SM):  amount passing No. 200 sieve - between 12 percent and 50
percent.

(3) Borderline gradations with dual classifications (e.g., SP-SM):  amount passing No. 200
sieve - between 5 percent and 12 percent.

3. Class III:  Clayey gravels and sands, poorly graded mixtures of gravel, sand, silt, and clay (GC, SC,
and dual classifications, e.g., SP-SC):

a. Plasticity index:  greater than 7.

b. Gradation:  amount passing No. 200 sieve - between 12 percent and 50 percent.

4. Class IVA:  Lean clays (CL).

a. Plasticity Indexes:

(1) Plasticity index:  greater than 7, and above A line.

(2) Borderline plasticity with dual classifications (CL-ML): PI between 4 and 7.

b. Liquid limit:  less than 50.

c. Gradation:  amount passing No. 200 sieve - greater than 50 percent.

d. Inorganic.

5. Class IVB:  Fat clays (CH)

a. Plasticity index:  above A line.
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b. Liquid limit:  50 or greater.

c. Gradation:  amount passing No. 200 sieve - greater than 50 percent.

d. Inorganic.

6. Use soils with dual class designation according to ASTM D 2487, and which are not defined
above, according to the more restrictive class.

2.2 PRODUCT DESCRIPTIONS

A. Soils classified as silt (ML), elastic silt (MH), organic clay and organic silt (OL, OH), and organic matter
(PT) are not acceptable as backfill materials.  These soils may be used for site grading and restoration
in unimproved areas as approved by the Owner.  Soils in Class IVB, fat clay (CH) may be used as
backfill materials where allowed by the applicable backfill installation specification.  Refer to Section
31 23 16.16 - Excavation and Backfill for Utilities.

B. Provide backfill material that is free of stones greater than 4 inches, free of roots, waste, debris,
trash, organic material, unstable material, non-soil matter, hydrocarbon or other contamination,
conforming to the following limits for deleterious materials:

1. Clay lumps:  Less than 0.5 percent for Class I, and less than 2.0 percent for Class II, when tested in
accordance with ASTM C 142.

2. Lightweight pieces:  Less than 5 percent when tested in accordance with ASTM C 123.

3. Organic impurities:  No color darker than standard color when tested in accordance with ASTM C
40.

C. Manufactured materials, such as crushed concrete, may be substituted for natural soil or rock
products where indicated in the product specification, and approved by the Engineer, provided that
the physical property criteria are determined to be satisfactory by testing.

D. Bank Run Sand:  Durable bank run sand classified as SP, SW, or SM by the Unified Soil Classification
System (ASTM D 2487) meeting the following requirements:

1. Less than 15 percent passing the number 200 sieve when tested in accordance with ASTM D
1140.  The amount of clay lumps or balls not exceeding 2 percent.

2. Material passing the number 40 sieve shall meet the following requirements when tested in
accordance with ASTM D 4318:

a. Liquid limit:  not exceeding 25 percent.

b. Plasticity index:  not exceeding 7.

E. Concrete Sand:  Natural sand, manufactured sand, or a combination of natural and manufactured
sand conforming to the requirements of ASTM C 33 and graded within the following limits when
tested in accordance with ASTM C 136:
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Sieve Percent Passing

3/8" 100
No. 4 95 to 100
No. 8 80 to 100
No. 16 50 to 85
No. 30 25 to 60
No. 50 10 to 30
No. 100 2 to 10

F. Gem Sand:  Sand conforming to the requirements of ASTM C 33 for coarse aggregates specified for
number 8 size and graded within the following limits when tested in accordance with ASTM C 136:

Sieve Percent Passing
3/8" 95 to 100
No. 4 60 to 80
No. 8 15 to 40

G. Pea Gravel:  Durable particles composed of small, smooth, rounded stones or pebbles and graded
within the following limits when tested in accordance with ASTM C 136:

Sieve Percent Passing
1/2" 100
3/8" 85 to 100

No.   4 10 to 30
No.   8 0 to10
No. 16 0 to 5

H. Crushed Aggregates: Crushed aggregates consist of durable particles obtained from an approved
source and meeting the following requirements:

1. Materials of one product delivered for the same construction activity from a single source.

2. Non-plastic fines.

3. Los Angeles abrasion test not exceeding 45 percent when tested in accordance with ASTM C 131.

4. Crushed aggregate shall have a minimum of 90 percent of the particles retained on the No. 4
sieve with 2 or more crushed faces as determined by Test Method Tex-460-A, Part I.

5. Crushed stone:  Produced from oversize plant processed stone or gravel, sized by crushing to
predominantly angular particles from a naturally occurring single source.  Uncrushed gravel is not
acceptable material for embedment where crushed stone is shown on the applicable utility
embedment drawing details.

6. Crushed Concrete:  Crushed concrete is an acceptable substitute for crushed stone as utility
backfill.  Gradation and quality control test requirements are the same as crushed stone.  Provide
crushed concrete produced from normal weight concrete of uniform quality; containing particles
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of aggregate and cement material, free from other substances such as asphalt, reinforcing steel
fragments, soil, waste gypsum (calcium sulfate), or debris.

7. Gradations, as determined in accordance with Tex-110-E.

Sieve
Percent Passing by Weight for Pipe Embedment

by Ranges of Nominal Pipes Sizes
>15" 15" - 8" <8"

1" 95 - 100 100 -
3/4" 60 - 90 90 - 100 100
1/2" 25 - 60 - 90 - 100
3/8" - 20 - 55 40 - 70
No. 4 0 -   5 0 - 10 0 - 15
No. 8 - 0 -   5 0 -    5

I. Select Backfill:  Class III clayey gravel or sand or Class IV lean clay with a plasticity index between 7
and 20 or clayey soils treated with lime in accordance with Section 32 01 00 - Pavement Repair and
Resurfacing, to meet plasticity criteria.  Structural Select Backfill shall need the requirements
described in the design plans or as directed by the Engineer.

J. Random Backfill:  Any suitable soil or mixture of soils within Classes I, II, III and IV; or fat clay (CH)
where allowed by the applicable backfill installation specification.  Refer to Section 31 23 16.16 -
Excavation and Backfill for Minor Structures and Section 31 23 23.13 - Excavation and Backfill for
Utilities.

K. Cement Stabilized Sand:  Conform to requirements of Section 31 32 13.16 - Cement Stabilized Sand.

L. Concrete Backfill:  Conform to Class B concrete as specified in Section 33 05 16 - Concrete for Utility
Construction.

2.3 MATERIAL TESTING

A. Ensure that material selected, produced and delivered to the project meets applicable specifications
and is of sufficient uniform properties to allow practical construction and quality control.

B. Source or Supplier Qualification.  Perform testing, or obtain representative tests by suppliers, for
selection of material sources and products.  Provide test results for a minimum of three samples for
each source and material type.  Test samples of processed materials from current production
representing material to be delivered.  Tests shall verify that the materials meet specification
requirements.  Repeat qualification test procedures each time the source characteristic changes or
there is a planned change in source location or supplier.  Qualification tests shall include, as
applicable:

1. Gradation.  Complete sieve analyses shall be reported regardless of the specified control sieves.
The range of sieves shall be from the largest particle through the No. 200 sieve.

2. Plasticity of material passing the No. 40 sieve.

3. Los Angeles abrasion test of material retained on the No. 4 sieve.
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4. Clay lumps.

5. Lightweight pieces

6. Organic impurities

C. Production Testing.  Provide reports to the Owner and the Engineer from an independent testing
laboratory that backfill materials to be placed in the Work meet applicable specification
requirements.

D. Assist the Owner and Testing Lab in obtaining material samples for verification testing at the source
or at the production plant.

PART 3 - EXECUTION

3.1 SOURCES

A. Use of material encountered in the trench excavations is acceptable, provided applicable
specification requirements are satisfied.  If excavation material is not acceptable, provide from other
approved source.

B. Identify off-site sources for backfill materials at least 14 days ahead of intended use so that the
Owner or Lab may obtain samples for verification testing.

C. Obtain approval for each material source by the Owner before delivery is started.  If sources
previously approved do not produce uniform and satisfactory products, furnish materials from other
approved sources.  Materials may be subjected to inspection or additional verification testing after
delivery.  Materials which do not meet the specifications will be rejected.  Do not use material which,
after approval, has become unsuitable for use due to segregation, mixing with other materials, or by
contamination.  Once a material is approved by the Owner, expense for sampling and testing
required to change to a different material will be credited to the Owner through a change order.

D. Bank run sand, select backfill, and random backfill, if available in the project excavation, may be
obtained by selective excavation and acceptance testing.  Obtain additional quantities of these
materials and other materials required to complete the work from off-site sources.

E. The Owner or any provided geotechnical reference information does not represent or guarantee that
any soil found in the excavation work will be suitable and acceptable as backfill material.

3.2 MATERIAL HANDLING

A. When backfill material is obtained from either a commercial or non-commercial borrow pit, open the
pit to expose the vertical faces of the various strata for identification and selection of approved
material to be used.  Excavate the selected material by vertical cuts extending through the exposed
strata to achieve uniformity in the product.

B. Establish temporary stockpile locations for practical material handling and control, and verification
testing by the Owner in advance of final placement.  Obtain approval from landowner for storage of
backfill material on adjacent private property.
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C. When stockpiling backfill material near the project site, use appropriate covers to eliminate blowing
of materials into adjacent areas and prevent runoff containing sediments from entering the drainage
system.

D. Place stockpiles in layers to avoid segregation of processed materials.  Load material by making
successive vertical cuts through entire depth of stockpile.

3.3 FIELD QUALITY CONTROL

A. Quality Control

1. The Owner or Engineer may sample, and test backfill at:

a. Sources including borrow pits, production plants and Contractor's designated off-site
stockpiles.

b. On-site stockpiles.

c. Materials placed in the Work.

2. The Owner or Engineer may resample material at any stage of work or location if changes in
characteristics are apparent.

B. Production Verification Testing:  The Owner’s testing laboratory will provide verification testing on
backfill materials, as directed by the Engineer.  Samples may be taken at the source or at the
production plant, as applicable.

END OF SECTION
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Section 31 32 13.16 – CEMENT STABILIZED SAND

1.1 GENERAL

A. Section Includes

1. Cement Stabilized Sand necessary for special backfill of utility line work.

1.2 UNIT PRICES

A. Unit Prices

1. Payment for cement stabilized sand necessary for utility line work special backfill conditions is on
a cubic yard basis.

2. No payment will be made for cement stabilized sand required for backfill of minor structures as
shown in the design plans.  Include cost of such work in Contract unit prices for items listed in bid
form requiring cement stabilized sand.

1.3 REFERENCES

A. ASTM C 33 - Standard Specification for Concrete Aggregates (Fine Aggregate).

B. ASTM C 40 - Standard Test Method for Organic Impurities in Fine Aggregates for Concrete.

C. ASTM C 42 - Standard Test Methods for Obtaining and Testing Drilled Cores and Sawed
Beams of Concrete.

D. ASTM C 94 - Standard Specification for Ready-Mixed Concrete.

E. ASTM C 123 - Standard Test Method for Lightweight Particles in Aggregate.

F. ASTM C 142 - Standard Test Method for Clay Lumps and Friable Particles in Aggregates.

G. ASTM C 150 - Specification for Portland Cement.

H. ASTM D 558 - Standard Test Method for Moisture-Density Relations of Soil Cement – Mixtures.

I. ASTM D 1632 - Standard Practice for Making and Curing Soil-Cement Compression and Flexure Test
Specimens in the Laboratory

J. ASTM D 1633 - Standard Test Method for Compressive Strength of Molded Soil-Cement Cylinders.

K. ASTM D 2487 - Standard Test Method for Classification of Soils for Engineering Purposes (Unified Soil
Classification System).

L. ASTM D2922 - Standard Test Methods for Density of Soil and Soil-Aggregate in Place by Nuclear
Methods (Shallow Depth)

M. ASTM D 3665 - Standard Practice for Random Sampling of Construction Materials.
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N. ASTM D 4318 - Standard Test Method for Liquid Limit, Plastic Limit, and Plasticity Index of Soils.

1.4 SUBMITTALS

A. Conform to requirements of Section 01 33 00 - Submittal Procedures.

B. Submit proposed target cement content and production data for sand-cement mixture in accordance
with requirements of Paragraph 2.03, Materials Qualifications.

1.5 DESIGN REQUIREMENTS

A. Use sand-cement mixture producing minimum unconfined compressive strength of 100 pounds per
square inch (psi) in 48 hours and a maximum strength of 500 pounds per square inch (psi) at 7-days.

1. Design will be based on strength specimens molded in accordance with ASTM D 558 at moisture
content within 3 percent of optimum and within 2 hours of batching.

2. Determine minimum cement content from production data and statistical history. Provide no less
than 1.5 standard sack (94 lbs.) of cement per ton of dry sand.

PART 2 - PRODUCTS

2.1 MATERIALS

A. Cement: Type I Portland cement conforming to ASTM C 150.

B. Sand: Clean, durable sand meeting grading requirements for fine aggregates of ASTM C 33, or
requirements for bank run sand of Section 02320 - Utility Backfill Materials, and the following
requirements:

1. Classified as SW, SP, SW-SM, SP-SM, or SM by Unified Soil Classification System of ASTM D 2487.

2. Deleterious materials:

a. Clay lumps, ASTM C 142 - less than 0.5 percent.

b. Lightweight pieces, ASTM C 123; less than 5.0 percent.

c. Organic impurities, ASTM C 40, color no darker than standard color.

3. Plasticity index of 4 or less when tested in accordance with ASTM D 4318.

C. Water: Potable water, free of oils, acids, alkalies, organic matter or other deleterious substances,
meeting requirements of ASTM C 94.

2.2 MIXING MATERIALS

A. Add required amount of water and mix thoroughly in pugmill-type mixer.

B. Stamp batch ticket at plant with time of loading. Reject material not placed and compacted within 2
hours after mixing.
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2.3 MATERIAL QUALIFICATION

A. Determine target cement content of material as follows:

1. Obtain samples of sand-cement mixtures at production facility representing range of cement
content consisting of at least three points.

2. Complete molding of samples within 2 hours after addition of water.

3. Perform strength tests (average of two specimens) at 48 hours and 7 days.

4. Perform cement content tests on each sample.

5. Perform moisture content tests on each sample.

6. Plot average 48-hour strength vs. cement content.

7. Record scale calibration date, sample date, sample time, molding time, cement feed dial settings,
and silo pressure (if applicable).

B. Test raw sand for following properties at point of entry into pug-mill:

1. Gradation

2. Plasticity index

3. Organic impurities

4. Clay lumps and friable particles

5. Lightweight pieces

6. Moisture content

7. Classification

C. Present data obtained in format similar to that provided in sample data form attached to this section.

D. The target content may be adjusted when statistical history so indicates. For determination of
minimum product performance use formula:

f'c% 1/2 standard deviation
PART 3 - EXECUTION

3.1 PLACING

A. Place sand-cement mixture in maximum 12-inch-thick loose lifts and compact to 95 percent of
maximum density as determined in accordance with ASTM D 558, unless otherwise specified. Refer to
related specifications for thickness of lifts in other applications. Target moisture content during
compaction is +3 percent of optimum. Perform and complete compaction of sand-cement mixture
within 4 hours after addition of water to mix at plant.

B. Do not place or compact sand-cement mixture in standing or free water.
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C. Where potable water lines cross wastewater line, embed wastewater line with cement stabilized sand
in accordance with Texas Administrative Code §290.44(e)(4)(B):

1. Provide minimum of 10% cement per cubic yard of cement stabilized sand mixture, based on
loose dry weight volume. Use at least 2.5 standard bags of cement per cubic yard of mixture (2
standard sacks per ton of dry sand).

2. Unless otherwise shown on Drawings, embed wastewater main or lateral minimum of six inches
above and below waterline.

3.2 FIELD QUALITY CONTROL

A. Testing will be performed under provisions of Section 01 45 29 - Testing Laboratory       Services.

B. One sample of cement stabilized sand shall be obtained for each 150 tons of material placed per day
with no less than one sample per day of production. Random samples of delivered cement stabilized
sand shall be taken in the field at point of delivery in accordance with ASTM 3665. Obtain three
individual samples of approximately 12 to 15 lb. each from the first, middle, and last third of the truck
and composite them into one sample for test purpose.

C. Prepare and mold five specimens (for each sample obtained) in accordance with ASTM D 558, Method
A, without adjusting moisture content. Samples will be molded at approximately same time material
is being used, but no later than 2 hours after water is added to mix.

D. After molding, specimens will be removed from molds and cured in accordance with ASTMD 1632.

E. Specimens will be tested for compressive strength in accordance with ASTM D 1633, Method A. Two
specimens will be tested at 48 hours, two specimens will be tested at 7 days and one specimen will be
held for an additional 48 hour or 7-day test.

F. A strength test will be average of strengths of two specimens molded from same sample of material
and tested at same age. Average daily strength will be average of strengths of all specimens molded
during one day's production and tested at same age.

G. Precision and Bias: Test results shall meet recommended guideline for precision in ASTM D 1633
Section 9.

H. Reporting: Test reports shall contain, as a minimum, the following information:

1. Supplier and plant number

2. Material Batch Time

3. Material Sample Time

4. Test age (hours)

5. Average 48-hour strength

6. Average 7-day strength

7. Specification section number
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8. Indication of compliance / non-compliance

9. Mixture identification

10. Truck and ticket numbers

11. The time of molding

12. Moisture content at time of molding

13. Required strength

14. Test method designations

15. Compressive strength data as required by ASTM D 1633

16. Supplier mixture identification

17. Specimen diameter and height, in.

18. Specimen cross-sectional area, sq. in.

3.3 ACCEPTANCE

A. Strength level of material will be considered satisfactory if:

1. The average 48-hour strength is greater than 100 psi with no individual strength test below 70
psi.

2. All 7-day individual strength tests (average of two specimens) are greater than or equal to 100 psi
and less than 500 psi.

B. Material will be considered deficient when 7-day individual strength test (average of two specimens)
is less than 100 psi but greater than 70 psi. See Paragraph 3.04 Adjustment for Deficient Strength.

C. The material will be considered unacceptable and subject to removal and replacement at Contractor’s
expense when individual strength test (average of two specimens) has 7-day strength less than 70 psi.

D. When moving average of three daily 48-hour averages falls below 100 psi, discontinue shipment to
project until plant is capable of producing material, which exceeds 100 psi at 48 hours. Five 48-hour
strength tests shall be made in this determination with no individual strength tests less than 100 psi.

E. Testing laboratory shall notify Contractor, Engineer, and material supplier by email of tests indicating
results falling below specified strength requirements within 24 hours.

F. If any strength test of laboratory cured specimens falls below the specified strength, Contractor may,
at his own expense, request test of cores drilled from the area in question in accordance with ASTM
C42. In such cases, three (3) cores shall be taken for each strength test that falls below the values
given in 3.03.A.

G. Cement stabilized sand in an area represented by core tests shall be considered satisfactory if the
average of three (3) cores is equal to at least 100 psi and if no single core is less than 70 psi. Additional
testing of cores extracted from locations represented by erratic core strength results will be
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permitted.

3.4 ADJUSTMENT FOR DEFICIENT STRENGHT

A. When mixture produces 7-day compressive strength greater than or equal to 100 psi, then material
will be considered satisfactory and bid price will be paid in full.

B. When mixture produces 7-day compressive strength less than 100 psi and greater than or equal to 70
psi, material shall be accepted contingent on credit in payment. Compute credit by the following
formula:

Credit per Cubic Yard = $100.00 x 2 (100 psi - Actual psi)
       100

C. When mixture produces 7-day compressive strength less than 70 pounds per square inch, then
remove and replace cement-sand mixture and paving and other necessary work at no cost to City.

END OF SECTION
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SECTION 16910 - GENERAL REQUIREMENTS FOR INSTRUMENTATION and CONTROL
SYSTEMS

PART 1 - GENERAL

1.01 SCOPE

A. This section provides general requirements for all instrumentation for process control as shown
on drawings and as specified including any other equipment, accessories, and
appurtenances as required for a complete and operating system.  Complete system shall
be furnished by one supplier or manufacturer with at least five (5) years experience in
water system controls.  TraC-N-Trol is a preapproved supplier or manufacturer.  All
others must be prequalified by ERHWSC.

1. Similar project experience of the company:

a. Provide a list of at least 3 successfully completed projects for a water and/or
wastewater system of similar scope and complexity in which the proposing firm used
components the same as those intended for use on this Project.  The proposing firm
must have performed, for each listed project, system engineering, system fabrication
and installation, documentation (including schematic, wiring and panel assembly
drawings), software configuration and documentation, field testing, calibration and
process start-up, operator instruction, and maintenance training.  In addition, provide
the following information for each project:

i. Name of plant or system owner, contact name, and current telephone number.
 Design engineer’s name, address, and telephone number.  Failure to
provide current contact information may result in the listed project being
disqualified for use in meeting the minimum requirements for
prequalification.

ii. Manufacturer and model number(s) of the PLC based control system and the
computer-based SCADA system used for both hardware and software.

iii. Brief description of the system.
iv. Approximate number of input and output signals: analog, digital, and

fieldbus.
v. Brief application software description.

vi. Contracted cost of the system separated by base amount and any change
orders for the completed projects.

vii. Duration of the project and date of completion.

2. Information on the proposed Project team members:

a. Provide the name and resume of the individual persons who will be responsible for
each of the following:

i. Office engineering and management of this Project.
ii. Lead for software configuration/programming.

iii. Individual who will be responsible for the hardware and hardware interface
design.

iv. Individual who will be responsible for field testing, calibration, and process
start-up.
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v. Individual who will be responsible for operator training.

b. All of these individuals must be permanent employees of the proposing firm.

3. Determination of the proposed ICSC qualifications is at the sole discretion of the
Engineer.

B. Coordinate instrumentation equipment with all other applicable sections to complete
instrumentation and control system, complete with interconnecting wiring diagrams
(Point-to-Point) for connecting other equipment.  Instrumentation and control shall
include metering, sensing, status indication, alarm, interlocking, switching, and
miscellaneous components required for control of process variables.  Provide necessary
wire, conduits, and necessary appurtenances required for complete installation of
instrumentation.

C. Contractor shall employ and pay for manufacturer's representative to:

1. Supervise final adjustments, calibration, and commissioning of equipment.
2. Perform necessary modifications to equipment to assure proper operation of

equipment as outlined.
3. Conduct equipment start-up.
4. Instruct Owner's personnel for a minimum of one/half (1/2) day at each lift station

or other site regarding proper operation and maintenance of instrumentation
equipment.  One/half (1/2) day of instruction at each lift station site shall be
scheduled in writing after start-up & final check out has been completed.  One/half
(1/2) day shall comprise four (4) hours at each lift station location.

5. Provide Owner with written statement verifying that manufacturer's equipment is installed
properly, in service, and ready for operation by the Owner's personnel.

2. SUBMITTALS:

A. Submittal requirements:
1. Furnish submittals that are fully indexed with a tabbed divider for every component.
2. Sequentially number pages within the tabbed sections. Submittals and operation and

maintenance manuals that are not fully indexed and tabbed with sequentially
numbered pages, or are otherwise unacceptable, will be returned without review.

3. Furnish submittals in the following general order, each in a separate bound set:
a. Schedule of Values.
b. Product Data.
c. After Engineer acceptance of the Product Data, submit the Project Shop Drawing

submittals.
d. Loop Description Submittal.
e. The Process Control Hardware and Software Submittal including control system

software, programming, and screens.
f. Testing, Calibration and Process Start-Up procedures.
g. Operation and Maintenance Data.
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h. Training Submittals.
i. Record Documents.

4. Edit all submittals and operation and maintenance manuals so that the submittal
specifically applies to only the equipment furnished.
a. Neatly cross out all extraneous text, options, models, etc. that do not apply to the

equipment being furnished, so that the information remaining is only applicable
to the equipment being furnished.

5. Submit copies of shop drawings, and product data:
a. Show dimensions, construction details, wiring diagrams, controls, manufacturers,

catalog numbers, and all other pertinent details.
6. Where submittals are required, provide a separate submittal for each specification

section.  In order to expedite construction, the Contractor may make more than 1
submittal per specification section, but a single submittal may not cover more than 1
specification section:
a. The only exception to this requirement is when 1 specification section covers the

requirements for a component of equipment specified in another section.  (For
example, circuit breakers are a component of switchgear.  The switchgear
submittal must also contain data for the associated circuit breakers, even though
they are covered in a different specification section.)

7. Exceptions to Specifications and Drawings:
a. Include a list of proposed exceptions to the Specifications and Drawings along

with a detailed explanation of each.
b. If there is insufficient explanation for the exception or deviation, the submittal

will be returned requiring revision and re-submittal.
c. Acceptance of any exception is at the sole discretion of the Engineer with

Owner’s approval.
1) Provide all items (materials, features, functions, performance, etc.) required

by the Contract Documents that are not accepted as exceptions.
d. Replace all items that do not meet the requirements of the Contract Documents,

which were not previously accepted as exceptions, even if the submittals
contained information indicating the failure to meet the requirements.

B. Submittal preparation:
1. During the period of preparation of submittals, the Contractor shall authorize direct,

informal liaison between the Instrumentation and control system contractor (ICSC)
and the Owner or Owner’s Engineer for exchange of technical information.  As a
result of this liaison, certain minor refinements and revisions may be authorized
informally by the Owner or Owner’s Engineer, which do not alter the scope of Work
or cause increase or decrease in the Contract price or times.  During this informal
exchange, no oral statement by the Owner or Owner’s Engineer shall be construed to
give formal approval of any component or method, nor shall any statement be
construed to grant exception to, or variation from, this specification.

2. In this specification, some items of Work are represented schematically, and are
designated for the most part by numbers, as derived from criteria in ISA-5.1:
a. Employ the nomenclature and numbers designated in this Section and indicated

on the Drawings exclusively throughout shop drawings, data sheets, and similar
submittals.
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b. Replace any other symbols, designations, and nomenclature unique to a
manufacturer’s, suppliers, or subcontractor’s standard methods with those
identified in this Section and indicated on the Drawings.

C. Specific submittal requirements:
1. Shop drawings:

a. Required for materials and equipment listed in this and other sections.
b. Furnish sufficient information to evaluate the suitability of the proposed material

or equipment for the intended use, and for compliance with these Specifications.
c. Shop drawings requirements:

1) Front, side, and, rear elevations, and top and bottom views, showing all
dimensions.

2) Locations of conduit entrances and access plates.
3) Component layout and identification.
4) Schematic and wiring diagrams with wire numbers and terminal

identification.
5) Connection diagrams, terminal diagrams, internal wiring diagrams,

conductor size, etc.
6) Anchoring method and leveling criteria, including manufacturer’s

recommendations for the Project site seismic criteria.
7) Weight.
8) Finish.
9) Nameplates:

a) As specified in Section 16075 - Identification for Electrical Systems or
as indicated on the Drawings.

10) Temperature limitations, as applicable.
d. Use equipment and instrument tags as depicted on the P&IDs for all submittals.
e. Adhere to wiring numbering scheme outlined in Section [Identification for

Electrical Systems] throughout the Project:
1) Uniquely number each wire per the Specifications.

f. Wire numbers must appear on all equipment drawings.
g. Organize the shop drawing submittals for inclusion in the Operation and

Maintenance Manuals:
1) Furnish the initial shop drawing submittal bound in one or more standard

size, 3-ring, D-ring, loose-leaf, vinyl plastic, hard-cover binders suitable for
bookshelf storage.

2) Binder ring size: 2 inches.
h. Include the letterhead and/or title block of the firm responsible for the

preparation of all shop drawings. Include the following information in the title
block, as a minimum:
1) The firm's registered business name.
2) Firm's physical address, email address, and phone number.
3) Owner’s name.
4) Project name and location.
5) Drawing name.
6) Revision level.
7) Personnel responsible for the content of the drawing.
8) Date.
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i. The work includes modifications to existing circuits:
1) Clearly show all modifications to existing circuits.
2) In addition, show all existing unmodified wiring to clearly depict the

functionality and electrical characteristics of the complete modified circuits.
2. Product data:

a. Submitted for non-custom manufactured material listed in this and other sections
and shown on shop drawings.

b. Include:
1) Catalog cuts.
2) Bulletins.
3) Brochures.
4) Quality photocopies of applicable pages from these documents.
5) Identify on the data sheets the Project name, applicable specification

section, and paragraph.
6) Identify model number and options for the actual equipment being

furnished.
7) Neatly cross out options that do not apply or equipment not intended to be

supplied.
c. Use equipment and instrument tags as depicted on the P&IDs for all submittals.
d. Adhere to wiring numbering scheme outlined in Section 16075 - Identification

for Electrical Systems throughout the Project:
1) Uniquely number each wire per the Specifications.

e. Wire numbers must appear on all equipment drawings.
3. Detailed sequence of operation for all equipment or systems.
4. Operation and maintenance manuals:

a. Submit preliminary sets of these manuals to the Engineer for review of format
and content:
1) Engineer will return 1 set with comments.
2) Revise and/or amend as required and submit the requisite number of copies

to the Engineer 15 days before Functional Testing of the systems.
b. Incorporate changes that occur during process start-up and submit as part of the

final manuals.
c. Provide comprehensive information on all systems and components to enable

operation, service, maintenance, and repair.
d. Include Record Documents and the accepted shop drawing submittals, modified

for conditions encountered in the field during the work.
e. Include signed results from Functional Testing and Process Operational Period.
f. Provide installation, connection, operating, calibration, setpoints (e.g., pressure,

pump control, time delays, etc.), adjustment, test, troubleshooting, maintenance,
and overhaul instructions in complete detail.

g. Provide exploded or other detailed views of all instruments, assemblies, and
accessory components together with complete parts lists and ordering
instructions.

h. Spare parts list:
1) Include a priced list of recommended spare parts for all the equipment

furnished under this Contract:
a) Include recommended quantities sufficient to maintain the furnished

system for a period of 5 years.
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2) Annotate the list to indicate which items, if any and quantity are furnished
as part of this Contract.

i. Provide the name, address, and phone number of manufacturer and
manufacturer's local service representative of these parts.

j. Additional operation and maintenance manual requirements:
1) Completely index manuals with a tab for each section:

a) Each section containing applicable data for each piece of equipment,
system, or topic covered.

b) Assemble manuals using the accepted shop drawings, and include, the
following types of data:
(1) Complete set of 11-inch by 17-inch drawings of equipment.
(2) Complete set of 11-inch by 17-inch drawings of the control

system.
(3) Complete set of control schematics.
(4) Complete parts list for all equipment being provided.
(5) Catalog data for all products or equipment furnished.

k. Operational Manual:
1) Prepare and provide a simplified version of the standard manufacturer’s

HMI software and system operations manual that includes basic instructions
in the application of the system as required for operators in day-to-day
operations.

l. Control System Software Record Documents:
1) Include complete documentation of all the software programs provided for

the entire control and PCS system, including:
a) Listings of all application software on both hard copy and DVD,

DVD-ROM, and CD-ROM.
b) Database, both hard copy and DVD, DVD-ROM, and CD-ROM.
c) Communication protocols.
d) All documentation necessary to maintain, troubleshoot, modify, or

update the software system.
m. Organize the operation and maintenance manuals for each process in the

following manner:
1) Section A - Process and Instrumentation Diagrams.
2) Section B - Control Descriptions.
3) Section C - Loop Drawings.
4) Section D – Ladder Logic Drawings
5) Section E - Instrument Summary.
6) Section F - Instrument Data Sheets and Brochures.
7) Section G - Sizing Calculations.
8) Section H - Instrumentation Installation Details.
9) Section I - Test Results.
10) Section J - Operational Manual.
11) Section K - Spare Parts List.
12) Section L - Control System Software.

5. Material and equipment schedules:
a. Furnish a complete schedule and/or matrix of all materials, equipment, apparatus,

and luminaries that are proposed for use:
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1) Include sizes, names of manufacturers, catalog numbers, and such other
information required to identify the items.

6. Itemized instrument summary:
a. Submit a hard copy of the instrument summary.
b. List all of the key attributes of each instrument including:

1) Tag number.
2) Manufacturer.
3) Model number.
4) Service.
5) Area location.
6) Calibrated range.
7) Loop drawing number.

c. Associated LCP, VCP, PCM, or PLC.
7. Instrument data sheets and cut sheets:

a. Furnish fully completed data sheets, both electronically in Microsoft Word or
Excel and in hard copy, for each instrument and component according to ISA-20
Specification Forms for Process Measurement and Control Instruments, Primary
Elements and Control Valves. The data sheets provided with the instrument
specifications are preliminary and are not complete. They are provided to assist
with the completion of final instrument data sheets. Additional data sheets may
be required. Include the following information on the data sheet:
1) Component functional description specified in this Section and indicated on

the Drawings.
2) Manufacturers model number or other product designation.
3) Tag number specified in this Section and indicated on the Drawings.
4) System or loop of which the component is a part.
5) Location or assembly at which the component is to be installed.
6) Input and output characteristics, including digital bus communication.
7) Scale range with units and multiplier.
8) Requirements for electric supply.
9) Requirements for air supply.
10) Power consumption.
11) Response timing.
12) Materials of construction and of component parts that are in contact with, or

otherwise exposed to, process media, and or corrosive ambient air.
13) Special requirements or features, such as specifications for ambient

operating conditions.
14) Features and options that are furnished.

b. Provide a technical brochure or bulletin (“cut sheet”) for each instrument on the
project. Submit with the corresponding data sheets:
1) Where the same make and model of instrument is used in 2 or more

applications on the project, and the process applications are nearly identical,
and the materials, features and options are identical submit one brochure or
bulletin for the set of identical instruments.

2) Include a list of tag numbers for which it applies with each brochure or
bulletin.
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3) Furnish technical product brochures that are complete enough to verify
conformance with all Contract Document requirements, and to reflect only
those features supplied with the device.

4) Cross out models, features, options, or accessories that are not being
provided.

5) Clearly mark and identify special options and features.
c. Organization: Index the data sheets and brochures in the submittal by systems or

loops.
8. Control panel hardware submittal:

a. Submit the following in 1 submittal package.
b. Complete and detailed bills of materials:

1) Including quantity, description, manufacturer, and part number for each
assembly or component for each control panel.

2) Include all items within an enclosure.
c. Complete grounding requirements for each system component including any

requirements for PLCs, process LANs, and Control System equipment.
d. Requirements for physical separation between control system components and

120 VAC, 480 VAC, and medium voltage power cables.
e. UPS and battery load calculations to show that the backup capacity and time

meet the specified requirements.
f. Provide a data sheet for each control system component together with a technical

product brochure or bulletin, which include:
1) The manufacturer's model number or other identifying product designation.
2) Tag and loop number.
3) System to which it belongs.
4) Site to which it applies.
5) Input and output characteristics.
6) Requirements for electric power.
7) Device ambient operating requirements.
8) Materials of construction.

9. Schedule of values:
a. In addition to completing all items referred to in the schedule of values, Section

01292 - Schedule of Values, submit per unit instrument and labor costs used in
developing the final bid for the PCS system, for the express purpose of pricing
and cost justification for any proposed change orders. It is the responsibility of
the ICSC subcontractor to prove to the Engineer’s satisfaction that said per unit
costs were used in the development of the final Bid amount.

10. Installation recommendations:
a. Submit the manufacturer’s printed recommendations for installation of

instrumentation equipment.
11. Training submittals:

a. Develop and submit for review a general training plan for approval by Owner
within 14 calendar days from Notice to Proceed. Include complete descriptions
of all planned training classes, a preliminary training schedule, a list of all
proposed instructors along with resumes, examples of proposed training manuals,
and a description of any special training tools to be used (simulators, self-paced
modules, personal computer-based training, etc.).
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b. The Engineer will review the general training plan. Special emphasis will be
placed on review of the qualifications of the proposed instructors and the timing
of the individual courses to maximize their effectiveness. If, in the opinion of the
Engineer, the proposed instructors are not sufficiently qualified to conduct the
specified training courses, or lack experience, where required, on the specific
configuration of the system, provide more qualified instructors.

c. The general training plan and schedule shall be updated by the Contractor at the
beginning of each Phase and approved by the Owner a minimum of 30 days prior
to commencement of training.

d. Training course plan submittals:
1) For each training course or other training activity, submit a detailed,

complete outline and agenda for each lesson as specified in Section 01756 -
Commissioning.

2) Describe any student pre-requisites for the course or training activity.
3) Provide an updated schedule for all sessions of the course, including dates,

times, durations, and locations.
4) Submit training materials.

e. Incorporate all submittal review comments into the course.
f. Do not conduct training courses before review and acceptance of the Course Plan

submittal for the course.
12. Project Record documents:

a. Furnish as specified in Section 01770 - Closeout Procedures.
b. Shop drawings:

1) General:
a) Coordinate all aspects of the Work so that a complete, instrumentation,

computer, and control system for the facility is supported by accurate
shop and record drawings:
(1) Clearly show every wire, circuit, and terminal provided under

this contract on one or more submitted wiring diagrams.
b) Show all interfaces between any of the following: instruments, vendor

control panels, motor control centers, motor starters, variable speed
drives, control valves, flow meters, chemical feeders, digital bus
network equipment, and other equipment related to the PCS.

c) Generate all drawings developed for this project utilizing AutoCAD
by Auto Desk Version 2012 or later:
(1) Furnish on CD-ROM disks containing the following for each

drawing:
(a) Original CAD files in DWG format.
(b) PDF version.

(2) Provide hard copies on 11-inch by 17-inch plain bond paper.
d) Upon completion of the Work, update all shop drawings to indicate the

final as-built configuration of the systems:
(1) Should an error be found in a shop drawing during installation or

process start-up of equipment, note the correction, including any
field changes found necessary, on the drawing and submit the
corrections in the Record Documents.
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(2) Update, check, and revise all wiring drawings and other
submitted drawings and documents to show final installed
conditions.

(3) Provide as-built shop drawings for all instrumentation equipment
on 11-inch by 17-inch using plain bond paper.

(4) Provide electronic copies of these documents on CD-ROM disks
in AutoCAD DWG 2010 format or later and PDF format. Size all
drawings to be readable and legible on 11-inch by 17-inch media.

e) Submittal Documents:
(1) Provide an interim submittal of Record Documents after the PCS

system Functional Testing.
(2) Submit final Record Documents before Substantial Completion

or earlier if so, specified in Section 01782 - Operation and
Maintenance Data or the General Requirements.

f) Review and Corrections:
(1) Correct any Record Documents or other documents found to be

incomplete, not accurate, of poor quality, or containing errors.
(2) Promptly correct and re-submit Record Documents returned for

correction.
2) Furnish written information prepared specifically for this Project using

Microsoft Word and.PDF formats and printed on 8.5-inch by 11-inch plain
bond paper:
a) Provide electronic copies of these documents on CD-ROM disks.

c. Review and corrections:
1) Correct any record documents or other documents found to be incomplete,

not accurate, of poor quality, or containing errors.
2) Promptly correct and re-submit record documents returned for correction.

13. Loop Drawings:
a. Submit loop drawings for every analog, discrete, and fieldbus signal and control

circuit:
1) Provide a loop drawing submittal that completely defines and documents

the contents of each monitoring, alarming, interlock, and control loop on
this Project.

2) This requirement applies to all signal and control circuits associated with
equipment on this Project including vendor supplied equipment packages
and control panels.

3) Provide loop drawings in the format indicated in the contract drawings.
Provide all tagging in accordance with the Owner’s standard.

b. Show every instrument and I/O point on at least one loop diagram.
c. Provide a complete index in the front of each bound volume:

1) Index the loop drawings by systems or process areas.
d. Provide drawings showing definitive diagrams for every instrumentation loop

system:
1) Show and identify each component of each loop or system using

requirements and symbols from ISA-5.4.
2) Furnish a separate drawing sheet for each system or loop diagram.

e. In addition to the ISA-5.4 requirements, show the following details:
1) Functional name of each loop.
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2) Reference name, drawing, and loop diagram numbers for any signal
continuing off the loop diagram sheet.

3) Show all terminal numbers, regardless of the entity providing the
equipment.

4) MCC panel, circuit, and breaker numbers for all power feeds to the loops
and instrumentation.

5) Designation of and, if appropriate, terminal assignments associated with,
every manhole, pull-box, junction box, conduit, and panel through which
the loop circuits pass.

6) Show vendor control panel, instrument panel, conduit, junction box,
equipment and PCS terminations, termination identification, wire numbers
and colors, power circuits, and ground identifications.

7) If a circuit is continued on another drawing, show the name and number of
the continuation drawing on the loop drawing. Provide complete references
to all continuation drawings whether vendor control panels, other loop
drawings, existing drawings provided by the Owner, or other drawings.

f. In addition to the above requirements, provide loop diagrams in accordance with
the example loop diagram as indicated on the Drawings.

14. Instrument Installation Drawings:
a. Submit, instrument installation, mounting, and anchoring details for all

components and assemblies, including access requirements and conduit
connection or entry details.

b. Furnish for each instrument a dedicated 8 1/2-inch by 11-inch installation detail
that pertains to the specific instrument by tag number.

c. For each detail, provide certification and the hard copies, by the instrument
manufacturer, that the proposed installation is in accordance with the instrument
manufacturer's recommendations and is fully warrantable.

d. For each detail, provide, as a minimum, the following contents:
1) Necessary sections and elevation views required to define instrument

location by referencing tank, building or equipment names and numbers,
and geographical qualities such as north, south, east, west, basement, first
floor, etc.

2) Ambient temperature and humidity where the instrument are to be installed.
3) Corrosive qualities of the environment where the instrument is to be

installed.
4) Hazardous rating of the environment where the instrument is to be installed.
5) Process line pipe or tank size, service and material.
6) Process tap elevation and location.
7) Upstream and downstream straight pipe lengths between instrument

installation and pipe fittings and valves.
8) Routing of tubing and identification of supports.
9) Mounting brackets, stands, anchoring devices, and sunshades.
10) Conduit entry size, number, location, and delineation between power and

signal.
11) NEMA ratings of enclosures and all components.
12) Clearances required for instrument servicing.
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13) List itemizing all manufacturer makes, model numbers, quantities, lengths
required, and materials of each item required to support the implementation
of the detail.

15. Control Panel Drawings:
a. Layout Drawings:

1) Submit panel, enclosure, console, furniture, and cabinet layout drawings for
all items provided.

2) As a minimum, include the following information:
a) To scale front, side, and plan views.
b) Dimensions.
c) Interior and exterior arrangements.
d) Mounting information, including conduit entrance location.
e) Finish data.
f) Tag number and functional name of items mounted in and on each

panel, console, and cabinet.
g) Nameplate legend including text, letter size, materials, and colors.

b. Wiring and piping diagrams:
1) Submit panel wiring and piping diagrams for every panel that contains

wiring and/or piping.
2) Include the following information:

a) Name of panel.
b) Wiring and piping sizes and types.
c) Terminal strip numbers.
d) Wire tags and labels.
e) Functional name and manufacturer's designation for items to which

wiring, and piping are connected.
f) Electrical control schematics in accordance with ANSI standards.

c. Installation drawings:
1) Provide site-specific installation drawings for all control equipment panels,

including dimensions.
2) Provide scaled drawings and show the position of the equipment at its

intended installation location.
3) Show the placement of all equipment being provided under this Contract

and its spatial relationship to all other equipment located in the abutting and
adjoining areas.

4) Show all required access and clearances associated with the equipment with
a statement of compliance to manufacturer's recommendations, NEC, and
other applicable codes.

16. Schematic Diagrams:
a. Submit schematic diagrams for all electrical equipment in ladder diagram format.
b. Include device and field connection terminal numbers on all schematic diagrams.
c. Incorporate equipment manufacturer’s shop drawing information into the

schematic diagrams in order to document the entire control system.
17. Control System Diagram:

a. Submit a complete set of control system diagrams including the following
information:
1) All PLCs, workstations, printers, communication devices, and

communication links:
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a) Show all PLCs with their current I/O allocation, and future I/O
allocation, current plus spares provided, and maximum potential I/O
based on available slots.

2) All cables required for communication requirements.
3) Show each component fully annotated with conduit size and number

associated with the power source.
18. Process Control Software Submittal:

a. In accordance with Product Data and Shop Drawing general requirements.
b. Submit a complete description of the standard application software programs,

operating system and utility programs, including modifications and explanation
of how the specific functional requirements are met:
1) Provide a cross-reference between the Specification requirements and the

software submittal, in order to provide the Engineer, the ability to identify
how each specified requirement or function is met.

c. A complete listing of the PCS system point I/O database:
1) Include for each data point, relevant parameters such as range, contact

orientation, limits, incremental limits, I/O card byte, I/O hardware address,
and PLC assignment.

2) Organize on a site-by-site basis, separate by point type.
3) In addition to the active l/O points, list the implemented spare l/O points

and the available l/O points remaining on each card, as well as other
defined future points specified or shown.

4) Upon completion of the Work, update all I/O lists to indicate the final as-
built configuration of the systems:
a) Organize as-built I/O list on a site-by-site basis, separated by

equipment and point type.
d. Detailed descriptions of procedures used to implement and modify control

strategies and database construction.
e. Preliminary overview, screens, station graphic displays, and preliminary reports.
f. Refer to Section 17762 - Control Systems: PCS Software for additional

requirements.
19. Instrumentation and Control System Contractor Statement of Qualifications:

a. Submit statement of qualifications of the proposed ICSC in accordance with
subsequent requirements of this Section.

20. Control Descriptions:
a. For each control loop, provide a detailed functional description of the operation

of the equipment, signals, and controls as shown on the P&IDs:
1) Include all functions depicted or described in the Contract Documents.
2) Include within the Control Description content:

a) All specific requirements.
b) All common requirements that pertain in general to all loops.
c) Listing all ranges, setpoints, timers, values, counter values, etc.

21. Test Procedure Submittals:
a. Submit the proposed procedures to be followed during tests of the PCS and its

components in 2 parts:
1) Preliminary Submittal: Outline of the specific proposed tests and examples

of proposed forms and checklists.
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2) Detailed Submittal: After successful review of the Preliminary Submittal,
submit the proposed detailed test procedures, forms, and checklists. Include
a statement of test objectives with the test procedures.

22. Test reports:
a. As specified in Section 01 33 00 - Submittal Procedures.
b. Include the following:

1) A description of the test.
2) List of equipment used.
3) Name of the person conducting the test.
4) Date and time the test was conducted.
5) All raw data collected.
6) Calculated results.
7) Each report signed by the person responsible for the test

23. Calculations:
a. Where required by specific Instrumentation Specifications:

1) Because these calculations are being provided by a registered professional
engineer, they will be reviewed for form, format, and content but will not
be reviewed for accuracy and calculation means.

3. QUALITY STANDARDS:

A. General:  The Contractor shall furnish and coordinate instrumentation items through a
single supplier/subcontractor.  Instrumentation items shall comply with recommended
practices of ISA for performance and U/L standards for specific atmospheric
application.  Provide enclosures which comply with NEMA standards for each specific
application.

1. Furnish all equipment listed by and bearing the label of UL or of an independent testing
laboratory acceptable to the Engineer and the Authority Having Jurisdiction.

2. The Instrumentation and control system contractor (ICSC) must have their own operating
UL listed panel fabrication facility. All panels must be fabricated at this facility and meet
all UL 508/508A requirements.

3. Instrumentation and control system contractor:
A. Contractor, through the use of a qualified ICSC, is responsible for the

implementation of the PCIS and the integration of the system with other required
instrumentation, control devices, and software.

B. The ICSC assumes full responsibility, through the Contractor, to perform all
work to select, furnish, install, program, test, calibrate, and place into operation
all instrumentation, controls, telemetry equipment, control panels, and control
system including application software, for a complete, integrated and functional
PCIS system.

C. Due to the complexities associated with the interfacing of numerous control
system devices, it is the intent of these Specifications that the ICSC be
responsible for the integration of the PCIS with devices provided under the
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Contract Documents with the objective of providing a completely integrated
control system.

B. Components:
A. Analog signals:

a. Furnish analog measurements and control signals that vary in direct linear
proportion to the measured variable, unless otherwise indicated.

b. Furnish electrical analog signals outside control panels that are 4-
to-20 milliamperes 24 VDC, except as indicated.

c. Electrically or optically isolate all analog signals from other signals.
d. Furnish regulated analog signals that are not affected by changes in supply

voltage or load resistance within the unit’s rating.
e. Maintain the total 4-to-20 milliamperes loop impedance to 10 percent

below the published value at the loop operating voltage.
f. Where necessary, reduce loop impedance by providing current-to-current

(I/I) isolation amplifiers for signal re-transmission.
B. Pneumatic signals:

a. All pneumatic signals: 3-to-15 pounds per square inch gauge.
C. Discrete input signals:

a. As indicated in the controller hardware specification.
D. Discrete output signals:

a. Dry contacts or TRIAC outputs (with express written approval by the
Engineer) as needed to coordinate with the field device.

b. Provide external terminal block mounted fuse with blown fuse indication
for all discrete outputs.

c. Provide interposing relays for all discrete outputs for voltage and/or
current compatibilities.

d. Provide interposing relays as required for functionality of the control
circuit.

E. Signal performance and design criteria:
a. Stability:

i. After Controls have taken corrective action, oscillation of the
final control element shall not exceed 2 cycles per minute or a
magnitude of motion of 0.5 percent of full travel.

b. Response:
i. Any change in setpoint or controlled variable shall produce a

corrective change in position of the final control element and
stabilized within 30 seconds.

c. Agreement:
i. Setpoint indication of controlled variable and measured

indication of controlled variable shall agree within 3 percent of
full scale over a 6:1 operating range.

d. Repeatability:
i. For any repeated magnitude of control signal, from either an

increasing or decreasing direction, the final control element shall
take a repeated position within 0.5 percent of full travel
regardless of force required to position the final element.
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e. Sensitivity:
i. Controls shall respond to a setpoint deviations and measured

variable deviations within 1.0 percent of full scale.
f. Performance:

i. All instruments and control devices shall perform in accordance
with the manufacturers’ specifications.

2.Discrete circuit configuration:
A. Configure discrete control circuits to fail safe, on loss of continuity or

loss of power.
B. Alarm contacts: Fail to the alarm condition.
C. Control contacts fail to the inoperative condition unless otherwise

indicated on the Drawings.

3.Grounding:
A. Analog signal cables shields shall only be grounded at a single point in

the loop. Unless otherwise noted, ground signal cable shields at control
panel.

B. For communication and data line signal cable shields and drain wires
should be grounded at both ends of the cable.

C. Insulate the shielding and exposed drain wire for each signal cable with
heat-shrink tubing.

D. Terminate the signal cable shield on a dedicated grounding terminal
block.

E. Provide isolating amplifiers within control panels for field equipment
possessing a grounded input or output, except when the panel circuit is
galvanically isolated.

4.Instrument air:
A. Where indicated on the Drawings, provide dry, filtered control air at

30 pounds per square inch gauge nominal pressure piped to all field
instruments and instrument panels requiring air:

a. Provide each field instrument with an integral, non-adjustable
filter/regulator assembly to provide regulated air.

b. Provide each instrument panel requiring air with an adjustable
filter/regulator assembly with gauge and an air manifold to
provide air to pneumatic instruments.

c. Filter all air to 5-micron maximum particle size.
d. Provide low pressure switch to alarm on insufficient air supply.

5.Furnish all meters, instruments, and other components that are the most recent field
proven models marketed by their manufacturers at the time of submittal of the shop
drawings unless otherwise specified to match existing equipment.

6.Unless otherwise specified, furnish individual instruments that have a minimum
accuracy of within 0.5 percent of full scale and a minimum repeatability of within
0.25 percent of full scale.
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C. Requirements for electrical systems:

(1) Provide power to instrument power supplies from branch circuit panel boards.

(2) Ensure operation of instruments from station supply of 115 volts, 60 Hz, single
phase service with voltage variations limited to plus or minus 10 percent of 115
volts.

(3) Control signals shall be 4 to 20 milliampere, 24-volt direct current.  Furnish
instruments of solid-state construction with ungrounded negative.

(4) Furnish and install a Surge Protective Device (SPD) on all analog signal circuits at
the point where they receive their power.

D. Reference Standards:

(1) ISA - Instrument Society of America

(2) NEMA - National Electrical Manufacturers Association

(3) NBS - National Bureau of Standards

(4) U/L - Underwriter's Laboratories

4. FIELD INSTRUMENTS INSTALLATION:

1. Install field instruments as specified in the Contract Documents, API RP 550 and
RP 551, and the manufacturer’s instructions.

2. Mount field instruments so that they can be easily read, readily approached, and easily
serviced, and so they do not restrict access to mechanical equipment:
a. Mount field instruments on a pipe stand or local panel, if they are not directly
mounted, unless otherwise indicated on the Drawings.
b. Provide sun shields for all field electronic instruments located outdoors.

3. Make connections from rigid conduit systems to field instruments with PVC coated
flexible conduit, maximum length of 18-inches.

4. Connect field instruments with cable as specified in the Electrical Specifications, except
when the manufacturer requires the use of special cable, or otherwise specified in this
Section:
a. Special cable applications shall be in accordance with the NEC.

5. Verify the correctness of each installation:
a. Polarity of electric power and signal connections.

6. Ensure all process connections are free of leaks.
7. Equipment locations indicated on the Drawings may change due to variations in

equipment size or minor changes made by others during construction:
a. Verify all dimensions as indicated on the Drawings:
b. Actual field conditions govern all final installed locations, distances, and levels.
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8. Review all information indicated on the Drawings, including architectural, structural,
mechanical, instrumentation, and the accepted electrical, instrumentation, and
mechanical shop drawings, and coordinate Work as necessary to adjust to all conditions
that arise due to such changes.

9. Make minor changes in location of equipment before rough in, as directed by the Owner
or Engineer.

B. Commissioning:  The Contractor shall employ, contract, and pay for services of instrumentation
subcontractor to in- stall, calibrate and commission instrumentation and control loops including
final control elements.  Other sections of the specifications involved shall include, but are not
limited to, the following.

Section 16911 - Control Auxiliaries

END OF SECTION
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SECTION 16911 – CONTROL AUXILIARIES

PART 1 – GENERAL

1.01 SCOPE

A. The items to be furnished and installed under this section of the Specification consist
of all control auxiliaries as shown on the drawings and as specified, including any
equipment, accessories, and appurtenances necessary for a complete and operable
system.

B. Items required in the project include but are not necessarily limited to the following:

Hand Switches
Converters
Control Panels
Control Relays
PLC
Instrumentation

1.02 HAND SWITCHES

A. Furnish and install hand-switches to locations shown on the plans (Open, Close,
Start, Stop, Selector Switch, HOA, LOR, etc.)

B. Provide each switch with sufficient number of contacts and pushbuttons to perform
functions specified or as indicated on the contract drawings.  Provide switches with
engraved legends and stainless steel nameplates.  Provide NEMA 4X rated switches
of heavy-duty oil tight construction in NEMA-4X rated enclosures unless
specifically noted otherwise on the contract drawings.

1.03 CONVERTERS

A. Furnish and install converters to locations shown on the plans and suitable for
application specified.  Coordinate converters with applicable elements in control
loops.  Converters include current-to-current converters for conversion of pulse
frequent signals to 4-20 mAdc signals.

B. Provide current-to-current converters capable of converting a 4-20 mAdc signal to a
4-20 mAdc signal switch which is in phase and of the same magnitude as the
received signal.  Furnish a unit of all solid-state design and which will provide
electrical isolation by means of a magnitude amplifier.  Coordinate units fully with
equipment specified for the control functions.

C. Furnish unit as manufactured by AGM Electronics, Inc., Moore Products, Moore
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Industries.

1.04 CONTROL PANELS

A. Panels/enclosures:
1. Manufacturers: One of the following:

a. Rittal.
b. nVent/Hoffman.

2. Panel assembly:
a. General guidelines for panel fabrication include:

1) Continuous welds ground smooth.
2) Exposed surfaces free of burrs and sharp edges.
3) Base formed of Type 304 powder-coated stainless steel or Type 316

stainless steel, minimum 1/2-inch holes at 12-inch spacing to accommodate
anchoring of freestanding enclosures to floor.

b. Construct enclosure and mounting panel using stretcher-level quality Type 304
powder-coated stainless steel or Type 316 stainless steel sheet metal having
minimum thickness not less than the following sizes (U.S. Standard Gauge):

Enclosure Height
(inches)

Minimum Enclosure
Steel Thickness

(gauge)

Minimum Back
Mounting Panel

Thickness (gauge)
Wall-mounted up to 48 14 14

Up to 57 12 12

57 - 69 12 10

69 - 82 12, except 10 on back 10

82 or more 10 10

c. Construct supporting frame structure with angled, channeled, or folded rigid
section of sheet metal, rigidly attached to and having essentially the same outer
dimensions as the enclosure surface and having sufficient torsional rigidity to
resist the bending moments applied via the enclosure surface when it is deflected.

d. Provide stiffeners for back mounting panels in enclosures larger than 4-feet. In
addition, secure the panels in place by collar studs welded to the enclosure.

e. Door construction:
1) Turned-back edges suitably braced and supported to maintain alignment and

rigidity without sagging.
2) Sufficient width to permit door opening without interference with rear

projection of flush-mounted instruments.
3) Heavy-gauge Type 316 stainless steel hinges.
4) For NEMA Type 12, Type 4, and Type 4X, provide oil-resistant neoprene

sealing gasket and adhesive to seal cover to enclosure.
5) Gasket installed to seal against roll lip on the enclosure opening.

f. Latches:
1) For panels, provide each door with a 3-point latching mechanism and

locking handle with rollers on the ends of the latch rods. Latch rods shall be
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connected to a common door handle, hold doors securely, and form a
compressed seal between door and gasket, at the top, side, and bottom.
a) Provide padlock for each enclosure with padlock provisions.

2) Include an oil tight key-locking, 3-point latching mechanism on each door:
a) Provide 2 keys per panel.
b) All locks keyed alike.

g. Panel cut-outs:
1) Cut, punch, or drill cutouts for instruments, devices, and windows.

Smoothly finish with rounded edges.
2) Allow a minimum of 3-inch envelope around all displays, controllers, and

monitors.
3) Reinforce around cut-outs with Type 304 powder-coated stainless steel or

Type 316 stainless angles or flat bars for the following:
a) Large panel cutouts; for example, openings for local operator

interfaces.
b) Pilot device groupings, where the removed metal exceeds 50 percent of

the available metal.
3. In addition to the requirements specified above, the following requirements for NEMA

Type 4X powder coated Type 304 stainless steel enclosures apply:
a. Minimum 14-gauge, Type 304 stainless steel.
b. Captive Type 316 stainless-steel cover screws threaded into sealed wells.
c. Inside finish: White polyester powder coating.
d. Specifically designed for use with flange-mounted disconnect handles where

required or as indicated on the Drawings.
e. NEMA Type 4X powder-coated Type 304 stainless-steel enclosures are not an

acceptable substitute for 316 stainless steel unless indicated on the Drawings.
4. In addition to the requirements specified above, the following requirements apply for

NEMA Type 4X non-metallic enclosures:
a. Fiberglass construction.
b. Type 316 stainless steel reinforcing on the sides, top, and bottom.
c. All seams sealed.
d. Fiberglass hinges with no exposed metal parts.
e. Captivated Type 316 stainless steel door screws.
f. Provisions for internal, sidewall mounting panels either by welded channels to the

interior, or by welded collar studs.
g. Provide aluminum mounting panels.
h. Non-metallic enclosures are not an acceptable substitute for Type 304 powder-

coated stainless steel or Type 316 stainless steel unless indicated on the
Drawings.

5. Outdoor panels. Supplementary requirements for panels located outdoors are as
follows:
a. All enclosures located outdoors shall be explicitly designed and rated for outdoor

service by the manufacturer.
b. Door hardware: Type 316 Stainless steel.
c. Provide factory installed rain canopy and sun shield for all enclosures with

operator interface panels and any plastic exposed components.
d. Bases: Heavy channel, gasketed Type 316 stainless steel bases, flanges up, for

anchoring to pad.

B. Arrangement of components:
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1. Arrange panel internal components for external conduit and piping to enter into panel
either from the side or below.  No top penetrations are allowed.

2. Arrange panel instruments and control devices in a logical configuration, associating
pushbutton and selector switches with related readout devices, or as indicated on the
Drawings.

3. Mount internal control components on an internal back panel.  Devices may be
mounted on the side panel only by special permission from the Engineer & Owner.

4. All control panel mounted operator interface devices shall be mounted between 3 feet
and 5 feet above finished floor.

C. Overcurrent protection:
1. Main overcurrent device:

a. Where the electrical power supply voltage to the control panel is more than 120
VAC, provide the panel with a flange-mounted disconnect handle operating a
molded-case circuit breaker and provide a control power transformer for 120-
VAC circuits:
1) Door-mounted disconnect handles are not acceptable.
2) Mechanically interlock the disconnect switch with the control enclosure

doors so that no door can be opened unless the power is disconnected, and
the disconnect switch cannot be closed until all doors are closed.

3) Provide means to defeat the interlock.
4) Lockable in the off position.

b. Control panels supplied with 120 VAC:
1) Provide an internal breaker with the line side terminals covered by a barrier.
2) Provide a nameplate prominently positioned on the control panel identifying

the location of the power source and a warning statement requiring the
source to be disconnected before opening the door to the enclosure.

2. Provide Low Voltage Molded Case Circuit Breakers as fabricated by manufacturers
listed in Section 1.01.C.

3. Selection and ratings of protective devices:
a. Interrupting ratings: Not less than the system maximum available fault current at

the point of application.
b. Voltage rating: Not less than the voltage of the application.
c. Select current rating and trip characteristics to be suitable for:

1) Maximum normal operating current.
2) Inrush characteristics.
3) Coordination of the protective devices to each other and to the source

breaker feeding the panel.
4. Provide a separate protective device for each powered electrical device:

a. An individual circuit breaker for each 120-VAC instrument installed within its
respective control panel and clearly identified for function.

b. An individual fuse for each PLC discrete output. Provide with individual blown
fuse indication external of the I/O card:
1) Size external fuse to open before any I/O-card-mounted fuses.

c. Individual discrete inputs shall use a 1/2-ampere fuse.
1) Control loops shall use a 5-ampere fuse.

d. Install protective devices on the back-mounting panel and identify by a service
nameplate in accordance with the wiring diagrams.

5. Fuses for 4-to- 20 milliamperes signals:
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a. Provide durable, readily visible label for each fuse, clearly indicating the correct
type, size, and ratings of replacement fuse:
1) Label shall not cover or interfere with equipment manufacturer's

instructions.
b. An individual 1/2-ampere fuse for each 4-to-20 milliamperes analog loop

powered from the control panel.
c. Provide fuses rated for the voltage and available short-circuit current at which

they are applied.
d. Manufacturers: One of the following or equal:

1) Ferraz Shawmut.
2) Littelfuse.
3) Bussmann.

6. Fuse holders:
a. Modular type:

1) DIN rail mounting on 35-millimeter rail.
2) Touch-safe design: All connection terminals to be protected against

accidental touch.
3) Incorporates blown-fuse indicator.
4) Plug-in style fuse terminals and fuse plugs are not acceptable.

b. Provide vinyl white self-laminating label identifying each fuse adhered to the fuse
holder or adhered to the panel as appropriate.  Use Brady labels.

c. Manufacturers: One of the following or equal:
1) Phoenix Contact, UT4-HESI Series.
2) Allen-Bradley, 1492-FB Series B.

7. Control circuit breakers:
a. DIN rail mounting on 35-millimeter rail.
b. Manual OPEN-CLOSE toggle switch.
c. Rated for 250 VAC.
d. Interrupting rating: 10-kiloampere (kA) or available fault current at the line

terminal, whichever is higher.
e. Current ratings: As required for the application.
f. Provide vinyl white self-laminating label identifying each breaker adhered to the

panel.  Use Brady labels.
g. Manufacturers: One of the following or equal:

1) Phoenix Contact, TMC Series.
2) ABB.
3) Allen-Bradley.
4) Eaton.
5) Square D.

8. Electronic circuit protectors:
a. Used where equipment is equipped with a NEC Class 2 power supplies requiring

100 watts to 8 amps.
b. DIN rail mounting on 35-millimeter rail.
c. Rated for 24 VDC.
d. 4 channels to feed 4 independent power feeds to separate devices.
e. Output current ratings: As required for the application.
f. LED input status indication.
g. LED failure status of each channel indication.
h. Fail contacts.
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i. Provide vinyl white self-laminating label identifying each circuit breaker adhered
to the panel as appropriate.  Use Brady labels.

j. Manufacturers: One of the following or equal:
1) Rockwell Automation 1692-TD014.
2) Puls PISA11 series.

D. Conductors and cables:
1. Power and control wiring:

a. Materials: Stranded, soft annealed copper.
b. Insulation: 600-volts type MTW.
c. Minimum sizes:

1) Primary power distribution: 12 AWG.
2) Secondary power distribution: 14 AWG.
3) Control: 16 AWG.

d. Color:
1) AC power (line and load): Black.
2) AC power (neutral): White.
3) AC control: Red.
4) AC control: Orange for foreign voltages.
5) DC power and control (ungrounded): Blue.
6) DC power and control (grounded): White with Blue stripe.
7) Ground: Green.

2. Signal cables:
a. Materials: Stranded, soft annealed copper.
b. Insulation: 600-volts, PVC outer jacket.
c. Minimum size: 18 AWG paired triad.
d. Overall aluminum shield (tape).
e. Copper drain wire.
f. Color for 2-Conductor cables:

a) Positive (+): Black.
b) Negative (-): White and red.

g. Insulate the foil shielding and exposed drain wire for each signal cable with heat-
shrink tubing.

E. Conductor identification:
1. Identify each conductor and cable with unique wire numbers utilizing vinyl white self-

laminating label, identifying each conductor and cable, adhered in a wrapped fashion
around each conductor and cable.  Use Brady labels.  Numbers on labels should be as
specified in the drawings.

2. Readily identified without twisting the conductor.

F. General wiring requirements:
1. Wiring methods: Wiring methods and materials for panels shall be in accordance with

the NEC requirements for General Purpose (no open wiring) unless otherwise
specified.

2. Install all components in accordance with the manufacturer’s instructions included in
the listing and labeling.

3. Provide a nameplate on the bottom right corner of the cover of the control panel
identifying all sources of power supply and foreign voltages within the control panel.
Utilize stamped or etched 316 SS name plates, riveted in place.
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4. Provide transformers, protective devices, and power supplies required to convert the
supply voltage to the needed utilization voltage.

5. Provide power surge protection for all control panels.
6. Provide signal surge protection within control panels for each analog I/O, discrete I/O,

and data line (Copper Ethernet, Coax, Fieldbus signals) that originates from outdoor
devices.

7. Provide non-metallic ducts for routing and organization of conductors and cables:
a. Provide wiring separation plan.
b. Size ducts for ultimate build-out of the panel, or for 20-percent spare, whichever

is greater.
c. Provide separate ducts for signal and low-voltage wiring from power and 120-

VAC control wiring:
1) 120 VAC: Grey or White colored ducts.
2) 24 VDC: White colored ducts.

8. Cables shall be fastened with cable-mounting clamps or with cable ties supported by
any of the following methods:
a. Screw-on cable tie mounts.
b. Hammer-on cable-tie mounting clips.
c. Fingers of the nonmetallic duct.

9. Wire ties:
a. No wire ties inside wire duct.
b. Use Panduit Cable tie installation tool, with tension control/cutoff.
c. Verify cut ends are cut flush filed smooth after installed.

10. Provide supports at the ends of cables to prevent mechanical stresses at the termination
of conductors.

11. Support panel conductors where necessary to keep them in place.
12. Wiring to rear terminals on panel-mount instruments shall be run in nonmetallic duct

secured to horizontal brackets run adjacent to the instruments.
13. Conductors and cables shall be run from terminal to terminal without splice or joints.

Exceptions:
a. Factory-applied connectors molded onto cables shall be permitted. Such

connectors shall not be considered as splices or joints.
14. The control panel shall be the source of power for all 120-VAC devices interconnected

with the control panel including, but not limited to instruments both mounted in the
control panel and remotely connected to the control panel.

G. Provide power circuits for all Contractor and Vendor-furnished PLC cabinets in accordance
with the PLC and Instrument Power wiring diagrams Indicated on the Drawings or as
specified.

1.05  CONTROL SWITCHES AND INDICATOR LIGHTS

A. Manufacturers
1. Eaton.
2. General Electric Company.
3. Square D Company.
4. Allen Bradley.
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B. Substitutions:  Product Substitutions must be preapproved by ERHWSC prior to beginning
construction.

C. Control Switches
1. Contacts:  NEMA ICS 2; at least two Form C contact sets.
2. Contact Ratings:  NEMA ICS 2; 120V, 10 ampere inductive.
3. Selector Switch Operators:  NEMA ICS 2; heavy-duty, oil tight, NEMA 3 multi-

position rotary selector switch.
4. Push-button Operator:  NEMA ICS 2; heavy-duty oil tight NEMA 4 unguarded and

lockable type; black for start, red for stop.

D. Indicator Lights:  Red for run, amber or yellow for alarm, green for control mode; LED, oil-
tight, 100,000-hour rated life expectancy; rated voltage approximately 125 percent of
nominal 120 VAC operating voltage.  To be push-to-test type.

1.06  CONTROL RELAYS

A. Contacts:  NEMA ICS 2; three Form C contact sets.

B. Rating:  NEMA ICS 2; 120-volt, 10 ampere inductive.

C. Coil Voltage:  120-volt, 60 Hz AC, or 24-volt DC, 60 Hz DC as required.

D. Socket:  Allen Bradley 700-H with coding system, label and label holder (11-pin).

E. Features:  11-pin tube socket relay base, external color-coded test button,

F. Mechanical and electrical status indications, impact-resistant thermoplastic case.

G. Manufacturer:  Allen Bradley, or approved equal.

H. Spare Units:  In addition to units installed, furnish 2 spare units.

1.07 TIME DELAY RELAYS

A. Contacts:  NEMA ICS 2; three Form C contact sets.

B. Contact Ratings:  NEMA ICS 2; DPDT Class; 120-volt 10 ampere inductive.

C. Coil Voltage: 120-volt 60 Hz AC.

D. Socket: Allen Bradley 700-H with coding system, label and label holder (11-pin).

E. Description:  Control relay with added Time Cube Module as manufactured by Allen
Bradley.; 700-HR, with on or off delay, as indicated.

F. Features:  Dial-selectable timing ranges of 0.05 s to 300 hr.; externally adjustable graduated
time dial; solid-state digital timing system.

G. Spare Units:  In addition to units installed, furnish 2 spare units.
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H. Starting of multiple pump motors shall utilize 15 second time delay to start each subsequent
pump, in order to minimize the inrush current of the backup generator source.

1.08 PUMP MOTOR MONITORING AND CONTROL

A. Manufacturer and Model:  FLYGT model MAS 711 or preapproved equal.

B. Operational system sensor perimeter includes:
1. Motor sensing via sub ca 24 lead cable:

a. Vibration
b. Water-in-Oil (Oil Housing)
c. Junction Box Leakage.
d. Stator Housing Leakage.
e. Support Bearing Temp.
f. Main Bearing Temp.
g. Stator Temp. PH3 Analog
h. Stator Temp. Ph2 Analog
i. Stator Temp. PH1 Analog
j. Stator Temp. Monitoring
k. Supply to pump memory.

2. Power analyzer module to indicate:
a. Pump motor current.
b. Current imbalance.
c. Voltage.
d. Voltage imbalance.
e. Power factor.

C. Provide connection from monitor module to operator panel, power analyzer, and
communication system including PLC and Ethernet switch.

D. Confirm all wiring diagrams in writing with Pump supplier and motor control center
supplier.  Confirm that wiring diagrams are in accordance with pump supplier’s instruction
manuals.

1.09 PROGRAMMABLE LOGIC CONTROLLER (PLC)

A. Manufacturer and Product:  Allen-Bradley Compact Logix Model 5380-; (with integral
Ethernet, the latest version at the time of delivery); or preapproved equal, must be the latest
series model and capable of Force-main or Duplex/Triplex downstream lift station controls.

B. Description: Modular Programmable Controller and Removable 2 MB Micro Memory Card.

C. Service Conditions
1. Temperature:  32 to 140 degrees F, horizontally installed.
2. Humidity:  5 to 95 percent, non-condensing.
3. Electromagnetic Compatibility:  Noise suppression to EN 50082-2, Noise emission to

EN50081-2.
4. Vibration:  IEC 68, Part 2-6/10 to 58 Hz.
5. Shock:  IEC 68, Part 2-27/half-sine:  15 g peak, 11 milliseconds.
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D. Configuration
1. Processor Rack:  Include processor, power supply, micro memory card,

communication modules, and input/output modules with front connectors.
2. Expansion Unit:  Include interface module, power supply, communication module,

input/output modules, front connectors and necessary connection cables.
3. Mounting Rail:  Provide passive mounting rail for processor, power supply,

communication, and input/output modules.

E. Processor Unit
1. Studio 5000 environment and development tools
2. Logix real-time control and Windows 10 Iot Enterprise operation system on single

platform.

F. Power Supply
1. Input:  85-132/170-264 VAC, switch-selectable.
2. Output:  24 VDC, 10-amp.
3. Mounting:  On PLC Mounting Rail.
4. Front Panel:  Green status LED, On/Off Switch, Input Voltage Selector.
5. Output Terminations:  Screw terminations with connector to PLC CPU, plus additional

terminations for wiring to other control system 24 VDC needs.

G. UPS: Provide complete, factory-assembled, wired, and tested, true on-line double
conversion UPS equipment including, but not limited to, rectifier, DC bus, inverter, battery
charger, batteries, automatic bypass, and ancillary components as specified in this Section
and as indicated on the Drawings.  UPS shall have the capacity to provide a minimum of 30
minutes of uninterruptible backup power to control panel power electronics/PLC.

H. Input/Output Units
1. Spare Input/Output Capacity:  At least 25 percent spare capacity of each I/O type

installed.
2. Discrete Input Characteristics:  16 points; 24 volts DC.
3. Analog Input Characteristics:  8 channels for configurable in groups of 2,4 to 20

milliamperes DC.
4. Discrete Output Characteristics:  16 points; Relay.
5. Analog Output Characteristics:  8 channels, 4 to 20 milliamperes DC.
6. RJ-45 jack I/O to interface with Ethernet switch.

I. Communication Interfaces for Remote Lift Station
1. Ethernet Interface:  Integral to CPU, 10/100 Mbps with automatic speed detection,

supports open TCP/IP, PLC programming, HMI communications, ST
Communications, Profinet CBA and Pronet IO-Controller.

2. Ethernet Switch:  Managed Industrial Ethernet Switch to be mounted in control panel
and connected to PLCs with Ethernet interface.
a. N-tron, Redlion

1) Manufacturer and Model:  N-tron, Redlion
2) Electrical Ports:  Eight RJ45, 10/100 Mbps, connectors latch to housing for

strain relief.
3) Power:  Redundant 24 VDC
4) Mounting:  Standard DIN rail, PLC Rail
5) Diagnostic Leds:  Power, Link Status, Communications
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6) Housing:  Metal
b. Stratix 2500, Allen Bradley

1) Manufacturer and Model:  Stratix 2500, Allen Bradley
2) Electrical Ports:  Eight RJ45, 10/100 Mbps, connectors latch to housing for

strain relief.
3) Power:  Redundant 24 VDC
4) Mounting:  Standard DIN rail, PLC Rail
5) Diagnostic Leds:  Power, Link Status, Communications
6) Housing:  Metal

J. Programming, Software and Programming Equipment
1. Configure system and program for operation as specified in this Section.  Program

must be tested and certified by ERHWSC.
2. System Software:  Windows 10 software. Contractor to supply any other software or

interfaces and cables needed to support equipment supplied on this project.
3. Control Program:  Contractor shall provide necessary programming modifications and

enter the required variable parameters Allen Bradley Studio 5000 Program to provide a
complete functional and integrated system.  Contractor shall customize the generic
software to meet site-specific conditions such as control functions, actual pump
quantities, and sequence options.  The system shall be fully tested to be operational
prior to substantial completion.

4. Contractor shall provide ERHWSC with LOGIX Designer PLC programing and HMI
Interface software programming in a digital format on a flash drive.

5. Control Program Data Sheet:  Contractor shall complete and submit Lift Station Data
Sheet. System I/O list shall be submitted with Data Sheet.

K. Spare Capacity:  Provide at least 100 percent processor available memory, 25 percent spare
rack space, and 25 percent spare I/O’s configured, wired, terminated, and identified as such,
but not used in the program.

L. Contractor will provide spare parts, which will include the following for each PLC
furnished:
1. One discrete input.
2. One discrete output.
3. One analog input.
4. One analog output.
5. One PLC power supply.
6. One CPU with Ethernet ports.
7. One of each Interface Module.
8. Connections to radio transmitter.

M. Connect PLC inputs/outputs including analog inputs through snap-on isolated fused terminal
blocks.

N. Separate the AC and control signals from DC and loop signals by at least 6 inches.  Provide
a barrier between AC and DC within the raceways.

1.19 INSTRUMENTATION
A. Level Measurement

1. Endress + Hauser – Micropilot FMR20 (maximum measurement distance
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32.8 FT).
2. Endress + Hauser – RIA15 for local level display.
3. Other instrumentation as required by Owner.

1.11 SPECIAL CONSIDERATIONS

A. Coordinate furnishing of auxiliary control items with all instrumentation and
mechanical equipment to insure compatibility.

END OF SECTION
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WATER DETAILS
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SANITARY SEWER DETAILS
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LIFT STATION SITE DETAILS
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LIFT STATION DETAILS


	1. Similar project experience of the company:
	a. Provide a list of at least 3 successfully completed projects for a water and/or wastewater system of similar scope and complexity in which the proposing firm used components the same as those intended for use on this Project.  The proposing firm must have performed, for each listed project, system engineering, system fabrication and installation, documentation (including schematic, wiring and panel assembly drawings), software configuration and documentation, field testing, calibration and process start-up, operator instruction, and maintenance training.  In addition, provide the following information for each project:
	i. Name of plant or system owner, contact name, and current telephone number.  Design engineer’s name, address, and telephone number.  Failure to provide current contact information may result in the listed project being disqualified for use in meeting the minimum requirements for prequalification.
	ii. Manufacturer and model number(s) of the PLC based control system and the computer-based SCADA system used for both hardware and software.
	iii. Brief description of the system.
	iv. Approximate number of input and output signals: analog, digital, and fieldbus.
	v. Brief application software description.
	vi. Contracted cost of the system separated by base amount and any change orders for the completed projects.
	vii. Duration of the project and date of completion.


	2. Information on the proposed Project team members:
	a. Provide the name and resume of the individual persons who will be responsible for each of the following:
	i. Office engineering and management of this Project.
	ii. Lead for software configuration/programming.
	iii. Individual who will be responsible for the hardware and hardware interface design.
	iv. Individual who will be responsible for field testing, calibration, and process start-up.
	v. Individual who will be responsible for operator training.

	b. All of these individuals must be permanent employees of the proposing firm.

	3. Determination of the proposed ICSC qualifications is at the sole discretion of the Engineer.

	A. Submittal requirements:
	1. Furnish submittals that are fully indexed with a tabbed divider for every component.
	2. Sequentially number pages within the tabbed sections. Submittals and operation and maintenance manuals that are not fully indexed and tabbed with sequentially numbered pages, or are otherwise unacceptable, will be returned without review.
	3. Furnish submittals in the following general order, each in a separate bound set:
	a. Schedule of Values.
	b. Product Data.
	c. After Engineer acceptance of the Product Data, submit the Project Shop Drawing submittals.
	d. Loop Description Submittal.
	e. The Process Control Hardware and Software Submittal including control system software, programming, and screens.
	f. Testing, Calibration and Process Start-Up procedures.
	g. Operation and Maintenance Data.
	h. Training Submittals.
	i. Record Documents.

	4. Edit all submittals and operation and maintenance manuals so that the submittal specifically applies to only the equipment furnished.
	a. Neatly cross out all extraneous text, options, models, etc. that do not apply to the equipment being furnished, so that the information remaining is only applicable to the equipment being furnished.

	5. Submit copies of shop drawings, and product data:
	a. Show dimensions, construction details, wiring diagrams, controls, manufacturers, catalog numbers, and all other pertinent details.

	6. Where submittals are required, provide a separate submittal for each specification section.  In order to expedite construction, the Contractor may make more than 1 submittal per specification section, but a single submittal may not cover more than 1 specification section:
	a. The only exception to this requirement is when 1 specification section covers the requirements for a component of equipment specified in another section.  (For example, circuit breakers are a component of switchgear.  The switchgear submittal must also contain data for the associated circuit breakers, even though they are covered in a different specification section.)

	7. Exceptions to Specifications and Drawings:
	a. Include a list of proposed exceptions to the Specifications and Drawings along with a detailed explanation of each.
	b. If there is insufficient explanation for the exception or deviation, the submittal will be returned requiring revision and re-submittal.
	c. Acceptance of any exception is at the sole discretion of the Engineer with Owner’s approval.
	1) Provide all items (materials, features, functions, performance, etc.) required by the Contract Documents that are not accepted as exceptions.

	d. Replace all items that do not meet the requirements of the Contract Documents, which were not previously accepted as exceptions, even if the submittals contained information indicating the failure to meet the requirements.


	B. Submittal preparation:
	1. During the period of preparation of submittals, the Contractor shall authorize direct, informal liaison between the Instrumentation and control system contractor (ICSC) and the Owner or Owner’s Engineer for exchange of technical information.  As a result of this liaison, certain minor refinements and revisions may be authorized informally by the Owner or Owner’s Engineer, which do not alter the scope of Work or cause increase or decrease in the Contract price or times.  During this informal exchange, no oral statement by the Owner or Owner’s Engineer shall be construed to give formal approval of any component or method, nor shall any statement be construed to grant exception to, or variation from, this specification.
	2. In this specification, some items of Work are represented schematically, and are designated for the most part by numbers, as derived from criteria in ISA-5.1:
	a. Employ the nomenclature and numbers designated in this Section and indicated on the Drawings exclusively throughout shop drawings, data sheets, and similar submittals.
	b. Replace any other symbols, designations, and nomenclature unique to a manufacturer’s, suppliers, or subcontractor’s standard methods with those identified in this Section and indicated on the Drawings.


	C. Specific submittal requirements:
	1. Shop drawings:
	a. Required for materials and equipment listed in this and other sections.
	b. Furnish sufficient information to evaluate the suitability of the proposed material or equipment for the intended use, and for compliance with these Specifications.
	c. Shop drawings requirements:
	1) Front, side, and, rear elevations, and top and bottom views, showing all dimensions.
	2) Locations of conduit entrances and access plates.
	3) Component layout and identification.
	4) Schematic and wiring diagrams with wire numbers and terminal identification.
	5) Connection diagrams, terminal diagrams, internal wiring diagrams, conductor size, etc.
	6) Anchoring method and leveling criteria, including manufacturer’s recommendations for the Project site seismic criteria.
	7) Weight.
	8) Finish.
	9) Nameplates:
	a) As specified in Section 1

	10) Temperature limitations, as applicable.

	d. Use equipment and instrument tags as depicted on the P&IDs for all submittals.
	e. Adhere to wiring numbering scheme outlined in Section [
	1) Uniquely number each wire per the Specifications.

	f. Wire numbers must appear on all equipment drawings.
	g. Organize the shop drawing submittals for inclusion in the Operation and Maintenance Manuals:
	1) Furnish the initial shop drawing submittal bound in one or more standard size, 3-ring, D-ring, loose-leaf, vinyl plastic, hard-cover binders suitable for bookshelf storage.
	2) Binder ring size: 2 inches.

	h. Include the letterhead and/or title block of the firm responsible for the preparation of all shop drawings. Include the following information in the title block, as a minimum:
	1) The firm's registered business name.
	2) Firm's physical address, email address, and phone number.
	3) Owner’s name.
	4) Project name and location.
	5) Drawing name.
	6) Revision level.
	7) Personnel responsible for the content of the drawing.
	8) Date.

	i. The work includes modifications to existing circuits:
	1) Clearly show all modifications to existing circuits.
	2) In addition, show all existing unmodified wiring to clearly depict the functionality and electrical characteristics of the complete modified circuits.


	2. Product data:
	a. Submitted for non-custom manufactured material listed in this and other sections and shown on shop drawings.
	b. Include:
	1) Catalog cuts.
	2) Bulletins.
	3) Brochures.
	4) Quality photocopies of applicable pages from these documents.
	5) Identify on the data sheets the Project name, applicable specification section, and paragraph.
	6) Identify model number and options for the actual equipment being furnished.
	7) Neatly cross out options that do not apply or equipment not intended to be supplied.

	c. Use equipment and instrument tags as depicted on the P&IDs for all submittals.
	d. Adhere to wiring numbering scheme outlined in Section 1
	1) Uniquely number each wire per the Specifications.

	e. Wire numbers must appear on all equipment drawings.

	3. Detailed sequence of operation for all equipment or systems.
	4. Operation and maintenance manuals:
	a. Submit preliminary sets of these manuals to the Engineer for review of format and content:
	1) Engineer will return 1 set with comments.
	2) Revise and/or amend as required and submit the requisite number of copies to the Engineer 15 days before Functional Testing of the systems.

	b. Incorporate changes that occur during process start-up and submit as part of the final manuals.
	c. Provide comprehensive information on all systems and components to enable operation, service, maintenance, and repair.
	d. Include Record Documents and the accepted shop drawing submittals, modified for conditions encountered in the field during the work.
	e. Include signed results from Functional Testing and Process Operational Period.
	f. Provide installation, connection, operating, calibration, setpoints (e.g., pressure, pump control, time delays, etc.), adjustment, test, troubleshooting, maintenance, and overhaul instructions in complete detail.
	g. Provide exploded or other detailed views of all instruments, assemblies, and accessory components together with complete parts lists and ordering instructions.
	h. Spare parts list:
	1) Include a priced list of recommended spare parts for all the equipment furnished under this Contract:
	a) Include recommended quantities sufficient to maintain the furnished system for a period of 5 years.

	2) Annotate the list to indicate which items, if any and quantity are furnished as part of this Contract.

	i. Provide the name, address, and phone number of manufacturer and manufacturer's local service representative of these parts.
	j. Additional operation and maintenance manual requirements:
	1) Completely index manuals with a tab for each section:
	a) Each section containing applicable data for each piece of equipment, system, or topic covered.
	b) Assemble manuals using the accepted shop drawings, and include, the following types of data:
	(1) Complete set of 11-inch by 17-inch drawings of equipment.
	(2) Complete set of 11-inch by 17-inch drawings of the control system.
	(3) Complete set of control schematics.
	(4) Complete parts list for all equipment being provided.
	(5) Catalog data for all products or equipment furnished.



	k. Operational Manual:
	1) Prepare and provide a simplified version of the standard manufacturer’s HMI software and system operations manual that includes basic instructions in the application of the system as required for operators in day-to-day operations.

	l. Control System Software Record Documents:
	1) Include complete documentation of all the software programs provided for the entire control and PCS system, including:
	a) Listings of all application software on both hard copy and DVD, DVD-ROM, and CD-ROM.
	b) Database, both hard copy and DVD, DVD-ROM, and CD-ROM.
	c) Communication protocols.
	d) All documentation necessary to maintain, troubleshoot, modify, or update the software system.


	m. Organize the operation and maintenance manuals for each process in the following manner:
	1) Section A - Process and Instrumentation Diagrams.
	2) Section B - Control Descriptions.
	3) Section C - Loop Drawings.
	4) Section D – Ladder Logic Drawings
	5) Section E - Instrument Summary.
	6) Section F - Instrument Data Sheets and Brochures.
	7) Section G - Sizing Calculations.
	8) Section H - Instrumentation Installation Details.
	9) Section I - Test Results.
	10) Section J - Operational Manual.
	11) Section K - Spare Parts List.
	12) Section L - Control System Software.


	5. Material and equipment schedules:
	a. Furnish a complete schedule and/or matrix of all materials, equipment, apparatus, and luminaries that are proposed for use:
	1) Include sizes, names of manufacturers, catalog numbers, and such other information required to identify the items.


	6. Itemized instrument summary:
	a. Submit a hard copy of the instrument summary.
	b. List all of the key attributes of each instrument including:
	1) Tag number.
	2) Manufacturer.
	3) Model number.
	4) Service.
	5) Area location.
	6) Calibrated range.
	7) Loop drawing number.

	c. Associated LCP, VCP, PCM, or PLC.

	7. Instrument data sheets and cut sheets:
	a. Furnish fully completed data sheets, both electronically in Microsoft Word or Excel and in hard copy, for each instrument and component according to ISA-20 Specification Forms for Process Measurement and Control Instruments, Primary Elements and Control Valves. The data sheets provided with the instrument specifications are preliminary and are not complete. They are provided to assist with the completion of final instrument data sheets. Additional data sheets may be required. Include the following information on the data sheet:
	1) Component functional description specified in this Section and indicated on the Drawings.
	2) Manufacturers model number or other product designation.
	3) Tag number specified in this Section and indicated on the Drawings.
	4) System or loop of which the component is a part.
	5) Location or assembly at which the component is to be installed.
	6) Input and output characteristics, including digital bus communication.
	7) Scale range with units and multiplier.
	8) Requirements for electric supply.
	9) Requirements for air supply.
	10) Power consumption.
	11) Response timing.
	12) Materials of construction and of component parts that are in contact with, or otherwise exposed to, process media, and or corrosive ambient air.
	13) Special requirements or features, such as specifications for ambient operating conditions.
	14) Features and options that are furnished.

	b. Provide a technical brochure or bulletin (“cut sheet”) for each instrument on the project. Submit with the corresponding data sheets:
	1) Where the same make and model of instrument is used in 2 or more applications on the project, and the process applications are nearly identical, and the materials, features and options are identical submit one brochure or bulletin for the set of identical instruments.
	2) Include a list of tag numbers for which it applies with each brochure or bulletin.
	3) Furnish technical product brochures that are complete enough to verify conformance with all Contract Document requirements, and to reflect only those features supplied with the device.
	4) Cross out models, features, options, or accessories that are not being provided.
	5) Clearly mark and identify special options and features.

	c. Organization: Index the data sheets and brochures in the submittal by systems or loops.

	8. Control panel hardware submittal:
	a. Submit the following in 1 submittal package.
	b. Complete and detailed bills of materials:
	1) Including quantity, description, manufacturer, and part number for each assembly or component for each control panel.
	2) Include all items within an enclosure.

	c. Complete grounding requirements for each system component including any requirements for PLCs, process LANs, and Control System equipment.
	d. Requirements for physical separation between control system components and 120 VAC, 480 VAC, and medium voltage power cables.
	e. UPS and battery load calculations to show that the backup capacity and time meet the specified requirements.
	f. Provide a data sheet for each control system component together with a technical product brochure or bulletin, which include:
	1) The manufacturer's model number or other identifying product designation.
	2) Tag and loop number.
	3) System to which it belongs.
	4) Site to which it applies.
	5) Input and output characteristics.
	6) Requirements for electric power.
	7) Device ambient operating requirements.
	8) Materials of construction.


	9. Schedule of values:
	a. In addition to completing all items referred to in the schedule of values, Section 0

	10. Installation recommendations:
	a. Submit the manufacturer’s printed recommendations for installation of instrumentation equipment.

	11. Training submittals:
	a. Develop and submit for review a general training plan for approval by Owner within 14 calendar days from Notice to Proceed. Include complete descriptions of all planned training classes, a preliminary training schedule, a list of all proposed instructors along with resumes, examples of proposed training manuals, and a description of any special training tools to be used (simulators, self-paced modules, personal computer-based training, etc.).
	b. The Engineer will review the general training plan. Special emphasis will be placed on review of the qualifications of the proposed instructors and the timing of the individual courses to maximize their effectiveness. If, in the opinion of the Engineer, the proposed instructors are not sufficiently qualified to conduct the specified training courses, or lack experience, where required, on the specific configuration of the system, provide more qualified instructors.
	c. The general training plan and schedule shall be updated by the Contractor at the beginning of each Phase and approved by the Owner a minimum of 30 days prior to commencement of training.
	d. Training course plan submittals:
	1) For each training course or other training activity, submit a detailed, complete outline and agenda for each lesson as specified in Section 0
	2) Describe any student pre-requisites for the course or training activity.
	3) Provide an updated schedule for all sessions of the course, including dates, times, durations, and locations.
	4) Submit training materials.

	e. Incorporate all submittal review comments into the course.
	f. Do not conduct training courses before review and acceptance of the Course Plan submittal for the course.

	12. Project Record documents:
	a. Furnish as specified in Section 0
	b. Shop drawings:
	1) General:
	a) Coordinate all aspects of the Work so that a complete, instrumentation, computer, and control system for the facility is supported by accurate shop and record drawings:
	(1) Clearly show every wire, circuit, and terminal provided under this contract on one or more submitted wiring diagrams.

	b) Show all interfaces between any of the following: instruments, vendor control panels, motor control centers, motor starters, variable speed drives, control valves, flow meters, chemical feeders, digital bus network equipment, and other equipment related to the PCS.
	c) Generate all drawings developed for this project utilizing AutoCAD by Auto Desk Version 2012 or later:
	(1) Furnish on CD-ROM disks containing the following for each drawing:
	(a) Original CAD files in DWG format.
	(b) PDF version.

	(2) Provide hard copies on 11-inch by 17-inch plain bond paper.

	d) Upon completion of the Work, update all shop drawings to indicate the final as-built configuration of the systems:
	(1) Should an error be found in a shop drawing during installation or process start-up of equipment, note the correction, including any field changes found necessary, on the drawing and submit the corrections in the Record Documents.
	(2) Update, check, and revise all wiring drawings and other submitted drawings and documents to show final installed conditions.
	(3) Provide as-built shop drawings for all instrumentation equipment on 11-inch by 17-inch using plain bond paper.
	(4) Provide electronic copies of these documents on CDROM disks in AutoCAD DWG 2010 format or later and PDF format. Size all drawings to be readable and legible on 11-inch by 17-inch media.

	e) Submittal Documents:
	(1) Provide an interim submittal of Record Documents after the PCS system Functional Testing.
	(2) Submit final Record Documents before Substantial Completion or earlier if so, specified in Section 0

	f) Review and Corrections:
	(1) Correct any Record Documents or other documents found to be incomplete, not accurate, of poor quality, or containing errors.
	(2) Promptly correct and re-submit Record Documents returned for correction.


	2) Furnish written information prepared specifically for this Project using Microsoft Word and.PDF formats and printed on 8.5-inch by 11-inch plain bond paper:
	a) Provide electronic copies of these documents on CD-ROM disks.


	c. Review and corrections:
	1) Correct any record documents or other documents found to be incomplete, not accurate, of poor quality, or containing errors.
	2) Promptly correct and re-submit record documents returned for correction.


	13. Loop Drawings:
	a. Submit loop drawings for every analog, discrete, and fieldbus signal and control circuit:
	1) Provide a loop drawing submittal that completely defines and documents the contents of each monitoring, alarming, interlock, and control loop on this Project.
	2) This requirement applies to all signal and control circuits associated with equipment on this Project including vendor supplied equipment packages and control panels.
	3) Provide loop drawings in the format indicated in the contract drawings. Provide all tagging in accordance with the Owner’s standard.

	b. Show every instrument and I/O point on at least one loop diagram.
	c. Provide a complete index in the front of each bound volume:
	1) Index the loop drawings by systems or process areas.

	d. Provide drawings showing definitive diagrams for every instrumentation loop system:
	1) Show and identify each component of each loop or system using requirements and symbols from ISA-5.4.
	2) Furnish a separate drawing sheet for each system or loop diagram.

	e. In addition to the ISA-5.4 requirements, show the following details:
	1) Functional name of each loop.
	2) Reference name, drawing, and loop diagram numbers for any signal continuing off the loop diagram sheet.
	3) Show all terminal numbers, regardless of the entity providing the equipment.
	4) MCC panel, circuit, and breaker numbers for all power feeds to the loops and instrumentation.
	5) Designation of and, if appropriate, terminal assignments associated with, every manhole, pull-box, junction box, conduit, and panel through which the loop circuits pass.
	6) Show vendor control panel, instrument panel, conduit, junction box, equipment and PCS terminations, termination identification, wire numbers and colors, power circuits, and ground identifications.
	7) If a circuit is continued on another drawing, show the name and number of the continuation drawing on the loop drawing. Provide complete references to all continuation drawings whether vendor control panels, other loop drawings, existing drawings provided by the Owner, or other drawings.

	f. In addition to the above requirements, provide loop diagrams in accordance with the example loop diagram as indicated on the Drawings.

	14. Instrument Installation Drawings:
	a. Submit, instrument installation, mounting, and anchoring details for all components and assemblies, including access requirements and conduit connection or entry details.
	b. Furnish for each instrument a dedicated 8 1/2-inch by 11-inch installation detail that pertains to the specific instrument by tag number.
	c. For each detail, provide certification and the hard copies, by the instrument manufacturer, that the proposed installation is in accordance with the instrument manufacturer's recommendations and is fully warrantable.
	d. For each detail, provide, as a minimum, the following contents:
	1) Necessary sections and elevation views required to define instrument location by referencing tank, building or equipment names and numbers, and geographical qualities such as north, south, east, west, basement, first floor, etc.
	2) Ambient temperature and humidity where the instrument are to be installed.
	3) Corrosive qualities of the environment where the instrument is to be installed.
	4) Hazardous rating of the environment where the instrument is to be installed.
	5) Process line pipe or tank size, service and material.
	6) Process tap elevation and location.
	7) Upstream and downstream straight pipe lengths between instrument installation and pipe fittings and valves.
	8) Routing of tubing and identification of supports.
	9) Mounting brackets, stands, anchoring devices, and sunshades.
	10) Conduit entry size, number, location, and delineation between power and signal.
	11) NEMA ratings of enclosures and all components.
	12) Clearances required for instrument servicing.
	13) List itemizing all manufacturer makes, model numbers, quantities, lengths required, and materials of each item required to support the implementation of the detail.


	15. Control Panel Drawings:
	a. Layout Drawings:
	1) Submit panel, enclosure, console, furniture, and cabinet layout drawings for all items provided.
	2) As a minimum, include the following information:
	a) To scale front, side, and plan views.
	b) Dimensions.
	c) Interior and exterior arrangements.
	d) Mounting information, including conduit entrance location.
	e) Finish data.
	f) Tag number and functional name of items mounted in and on each panel, console, and cabinet.
	g) Nameplate legend including text, letter size, materials, and colors.


	b. Wiring and piping diagrams:
	1) Submit panel wiring and piping diagrams for every panel that contains wiring and/or piping.
	2) Include the following information:
	a) Name of panel.
	b) Wiring and piping sizes and types.
	c) Terminal strip numbers.
	d) Wire tags and labels.
	e) Functional name and manufacturer's designation for items to which wiring, and piping are connected.
	f) Electrical control schematics in accordance with ANSI standards.


	c. Installation drawings:
	1) Provide site-specific installation drawings for all control equipment panels, including dimensions.
	2) Provide scaled drawings and show the position of the equipment at its intended installation location.
	3) Show the placement of all equipment being provided under this Contract and its spatial relationship to all other equipment located in the abutting and adjoining areas.
	4) Show all required access and clearances associated with the equipment with a statement of compliance to manufacturer's recommendations, NEC, and other applicable codes.


	16. Schematic Diagrams:
	a. Submit schematic diagrams for all electrical equipment in ladder diagram format.
	b. Include device and field connection terminal numbers on all schematic diagrams.
	c. Incorporate equipment manufacturer’s shop drawing information into the schematic diagrams in order to document the entire control system.

	17. Control System Diagram:
	a. Submit a complete set of control system diagrams including the following information:
	1) All PLCs, workstations, printers, communication devices, and communication links:
	a) Show all PLCs with their current I/O allocation, and future I/O allocation, current plus spares provided, and maximum potential I/O based on available slots.

	2) All cables required for communication requirements.
	3) Show each component fully annotated with conduit size and number associated with the power source.


	18. Process Control Software Submittal:
	a. In accordance with Product Data and Shop Drawing general requirements.
	b. Submit a complete description of the standard application software programs, operating system and utility programs, including modifications and explanation of how the specific functional requirements are met:
	1) Provide a cross-reference between the Specification requirements and the software submittal, in order to provide the Engineer, the ability to identify how each specified requirement or function is met.

	c. A complete listing of the PCS system point I/O database:
	1) Include for each data point, relevant parameters such as range, contact orientation, limits, incremental limits, I/O card byte, I/O hardware address, and PLC assignment.
	2) Organize on a site-by-site basis, separate by point type.
	3) In addition to the active l/O points, list the implemented spare l/O points and the available l/O points remaining on each card, as well as other defined future points specified or shown.
	4) Upon completion of the Work, update all I/O lists to indicate the final as-built configuration of the systems:
	a) Organize as-built I/O list on a site-by-site basis, separated by equipment and point type.


	d. Detailed descriptions of procedures used to implement and modify control strategies and database construction.
	e. Preliminary overview, screens, station graphic displays, and preliminary reports.
	f. Refer to Section 1

	19. Instrumentation and Control System Contractor Statement of Qualifications:
	a. Submit statement of qualifications of the proposed ICSC in accordance with subsequent requirements of this Section.

	20. Control Descriptions:
	a. For each control loop, provide a detailed functional description of the operation of the equipment, signals, and controls as shown on the P&IDs:
	1) Include all functions depicted or described in the Contract Documents.
	2) Include within the Control Description content:
	a) All specific requirements.
	b) All common requirements that pertain in general to all loops.
	c) Listing all ranges, setpoints, timers, values, counter values, etc.



	21. Test Procedure Submittals:
	a. Submit the proposed procedures to be followed during tests of the PCS and its components in 2 parts:
	1) Preliminary Submittal: Outline of the specific proposed tests and examples of proposed forms and checklists.
	2) Detailed Submittal: After successful review of the Preliminary Submittal, submit the proposed detailed test procedures, forms, and checklists. Include a statement of test objectives with the test procedures.


	22. Test reports:
	a. As specified in Section 0
	b. Include the following:
	1) A description of the test.
	2) List of equipment used.
	3) Name of the person conducting the test.
	4) Date and time the test was conducted.
	5) All raw data collected.
	6) Calculated results.
	7) Each report signed by the person responsible for the test


	23. Calculations:
	a. Where required by specific Instrumentation Specifications:
	1) Because these calculations are being provided by a registered professional engineer, they will be reviewed for form, format, and content but will not be reviewed for accuracy and calculation means.



	1. Furnish all equipment listed by and bearing the label of UL or of an independent testing laboratory acceptable to the Engineer and the Authority Having Jurisdiction.
	2. The Instrumentation and control system contractor (ICSC) must have their own operating UL listed panel fabrication facility. All panels must be fabricated at this facility and meet all UL 508/508A requirements.
	3. Instrumentation and control system contractor:
	A. Contractor, through the use of a qualified ICSC, is responsible for the implementation of the PCIS and the integration of the system with other required instrumentation, control devices, and software.
	B. The ICSC assumes full responsibility, through the Contractor, to perform all work to select, furnish, install, program, test, calibrate, and place into operation all instrumentation, controls, telemetry equipment, control panels, and control system including application software, for a complete, integrated and functional PCIS system.
	C. Due to the complexities associated with the interfacing of numerous control system devices, it is the intent of these Specifications that the ICSC be responsible for the integration of the PCIS with devices provided under the Contract Documents with the objective of providing a completely integrated control system.
	A. Analog signals:
	a. Furnish analog measurements and control signals that vary in direct linear proportion to the measured variable, unless otherwise indicated.
	b. Furnish electrical analog signals outside control panels that are 4-to20 milliamperes 24 VDC, except as indicated.
	c. Electrically or optically isolate all analog signals from other signals.
	d. Furnish regulated analog signals that are not affected by changes in supply voltage or load resistance within the unit’s rating.
	e. Maintain the total 4-to-20 milliamperes loop impedance to 10 percent below the published value at the loop operating voltage.
	f. Where necessary, reduce loop impedance by providing current-to-current (I/I) isolation amplifiers for signal re-transmission.

	B. Pneumatic signals:
	a. All pneumatic signals: 3-to-15 pounds per square inch gauge.

	C. Discrete input signals:
	a. As indicated in the controller hardware specification.

	D. Discrete output signals:
	a. Dry contacts or TRIAC outputs (with express written approval by the Engineer) as needed to coordinate with the field device.
	b. Provide external terminal block mounted fuse with blown fuse indication for all discrete outputs.
	c. Provide interposing relays for all discrete outputs for voltage and/or current compatibilities.
	d. Provide interposing relays as required for functionality of the control circuit.

	E. Signal performance and design criteria:
	a. Stability:
	i. After Controls have taken corrective action, oscillation of the final control element shall not exceed 2 cycles per minute or a magnitude of motion of 0.5 percent of full travel.

	b. Response:
	i. Any change in setpoint or controlled variable shall produce a corrective change in position of the final control element and stabilized within 30 seconds.

	c. Agreement:
	i. Setpoint indication of controlled variable and measured indication of controlled variable shall agree within 3 percent of full scale over a 6:1 operating range.

	d. Repeatability:
	i. For any repeated magnitude of control signal, from either an increasing or decreasing direction, the final control element shall take a repeated position within 0.5 percent of full travel regardless of force required to position the final element.

	e. Sensitivity:
	i. Controls shall respond to a setpoint deviations and measured variable deviations within 1.0 percent of full scale.

	f. Performance:
	i. All instruments and control devices shall perform in accordance with the manufacturers’ specifications.



	2. Discrete circuit configuration:
	A. Configure discrete control circuits to fail safe, on loss of continuity or loss of power.
	B. Alarm contacts: Fail to the alarm condition.
	C. Control contacts fail to the inoperative condition unless otherwise indicated on the Drawings.

	3. Grounding:
	A. Analog signal cables shields shall only be grounded at a single point in the loop. Unless otherwise noted, ground signal cable shields at control panel.
	B. For communication and data line signal cable shields and drain wires should be grounded at both ends of the cable.
	C. Insulate the shielding and exposed drain wire for each signal cable with heat-shrink tubing.
	D. Terminate the signal cable shield on a dedicated grounding terminal block.
	E. Provide isolating amplifiers within control panels for field equipment possessing a grounded input or output, except when the panel circuit is galvanically isolated.

	4. Instrument air:
	A. Where indicated on the Drawings, provide dry, filtered control air at 30 pounds per square inch gauge nominal pressure piped to all field instruments and instrument panels requiring air:
	a. Provide each field instrument with an integral, non-adjustable filter/regulator assembly to provide regulated air.
	b. Provide each instrument panel requiring air with an adjustable filter/regulator assembly with gauge and an air manifold to provide air to pneumatic instruments.
	c. Filter all air to 5-micron maximum particle size.
	d. Provide low pressure switch to alarm on insufficient air supply.


	5. Furnish all meters, instruments, and other components that are the most recent field proven models marketed by their manufacturers at the time of submittal of the shop drawings unless otherwise specified to match existing equipment.
	6. Unless otherwise specified, furnish individual instruments that have a minimum accuracy of within 0.5 percent of full scale and a minimum repeatability of within 0.25 percent of full scale.
	1. Install field instruments as specified in the Contract Documents, API RP 550 and RP 551, and the manufacturer’s instructions.
	2. Mount field instruments so that they can be easily read, readily approached, and easily serviced, and so they do not restrict access to mechanical equipment:
	a. Mount field instruments on a pipe stand or local panel, if they are not directly mounted, unless otherwise indicated on the Drawings.
	b. Provide sun shields for all field electronic instruments located outdoors.

	3. Make connections from rigid conduit systems to field instruments with PVC coated flexible conduit, maximum length of 18-inches.
	4. Connect field instruments with cable as specified in the Electrical Specifications, except when the manufacturer requires the use of special cable, or otherwise specified in this Section:
	a. Special cable applications shall be in accordance with the NEC.

	5. Verify the correctness of each installation:
	a. Polarity of electric power and signal connections.

	6. Ensure all process connections are free of leaks.
	7. Equipment locations indicated on the Drawings may change due to variations in equipment size or minor changes made by others during construction:
	a. Verify all dimensions as indicated on the Drawings:
	b. Actual field conditions govern all final installed locations, distances, and levels.

	8. Review all information indicated on the Drawings, including architectural, structural, mechanical, instrumentation, and the accepted electrical, instrumentation, and mechanical shop drawings, and coordinate Work as necessary to adjust to all conditions that arise due to such changes.
	9. Make minor changes in location of equipment before rough in, as directed by the Owner or Engineer.



	A. Panels/enclosures:
	1. Manufacturers: One of the following:
	a. Rittal.
	b. nVent/Hoffman.
	2. Panel assembly:
	a. General guidelines for panel fabrication include:
	1) Continuous welds ground smooth.
	2) Exposed surfaces free of burrs and sharp edges.
	3) Base formed of Type 304 powder-coated stainless steel or Type 316 stainless steel, minimum 1/2-inch holes at 12-inch spacing to accommodate anchoring of freestanding enclosures to floor.

	b. Construct enclosure and mounting panel using stretcher-level quality Type 304 powder-coated stainless steel or Type 316 stainless steel sheet metal having minimum thickness not less than the following sizes (U.S. Standard Gauge):
	c. Construct supporting frame structure with angled, channeled, or folded rigid section of sheet metal, rigidly attached to and having essentially the same outer dimensions as the enclosure surface and having sufficient torsional rigidity to resist the bending moments applied via the enclosure surface when it is deflected.
	d. Provide stiffeners for back mounting panels in enclosures larger than 4-feet. In addition, secure the panels in place by collar studs welded to the enclosure.
	e. Door construction:
	1) Turned-back edges suitably braced and supported to maintain alignment and rigidity without sagging.
	2) Sufficient width to permit door opening without interference with rear projection of flush-mounted instruments.
	3) Heavy-gauge Type 316 stainless steel hinges.
	4) For NEMA Type 12, Type 4, and Type 4X, provide oil-resistant neoprene sealing gasket and adhesive to seal cover to enclosure.
	5) Gasket installed to seal against roll lip on the enclosure opening.

	f. Latches:
	1) For panels, provide each door with a 3-point latching mechanism and locking handle with rollers on the ends of the latch rods. Latch rods shall be connected to a common door handle, hold doors securely, and form a compressed seal between door and gasket, at the top, side, and bottom.
	a) Provide padlock for each enclosure with padlock provisions.

	2) Include an oil tight key-locking, 3-point latching mechanism on each door:
	a) Provide 2 keys per panel.
	b) All locks keyed alike.


	g. Panel cut-outs:
	1) Cut, punch, or drill cutouts for instruments, devices, and windows. Smoothly finish with rounded edges.
	2) Allow a minimum of 3-inch envelope around all displays, controllers, and monitors.
	3) Reinforce around cut-outs with Type 304 powder-coated stainless steel or Type 316 stainless angles or flat bars for the following:
	a) Large panel cutouts; for example, openings for local operator interfaces.
	b) Pilot device groupings, where the removed metal exceeds 50 percent of the available metal.



	3. In addition to the requirements specified above, the following requirements for NEMA Type 4X powder coated Type 304 stainless steel enclosures apply:
	a. Minimum 14-gauge, Type 304 stainless steel.
	b. Captive Type 316 stainless-steel cover screws threaded into sealed wells.
	c. Inside finish: White polyester powder coating.
	d. Specifically designed for use with flange-mounted disconnect handles where required or as indicated on the Drawings.
	e. NEMA Type 4X powder-coated Type 304 stainless-steel enclosures are not an acceptable substitute for 316 stainless steel unless indicated on the Drawings.

	4. In addition to the requirements specified above, the following requirements apply for NEMA Type 4X non-metallic enclosures:
	a. Fiberglass construction.
	b. Type 316 stainless steel reinforcing on the sides, top, and bottom.
	c. All seams sealed.
	d. Fiberglass hinges with no exposed metal parts.
	e. Captivated Type 316 stainless steel door screws.
	f. Provisions for internal, sidewall mounting panels either by welded channels to the interior, or by welded collar studs.
	g. Provide aluminum mounting panels.
	h. Non-metallic enclosures are not an acceptable substitute for Type 304 powder-coated stainless steel or Type 316 stainless steel unless indicated on the Drawings.

	5. Outdoor panels. Supplementary requirements for panels located outdoors are as follows:
	a. All enclosures located outdoors shall be explicitly designed and rated for outdoor service by the manufacturer.
	b. Door hardware: Type 316 Stainless steel.
	c. Provide factory installed rain canopy and sun shield for all enclosures with operator interface panels and any plastic exposed components.
	d. Bases: Heavy channel, gasketed Type 316 stainless steel bases, flanges up, for anchoring to pad.


	B. Arrangement of components:
	1. Arrange panel internal components for external conduit and piping to enter into panel either from the side or below.  No top penetrations are allowed.
	2. Arrange panel instruments and control devices in a logical configuration, associating pushbutton and selector switches with related readout devices, or as indicated on the Drawings.
	3. Mount internal control components on an internal back panel.  Devices may be mounted on the side panel only by special permission from the Engineer & Owner.
	4. All control panel mounted operator interface devices shall be mounted between 3 feet and 5 feet above finished floor.

	C. Overcurrent protection:
	1. Main overcurrent device:
	a. Where the electrical power supply voltage to the control panel is more than 120 VAC, provide the panel with a flange-mounted disconnect handle operating a molded-case circuit breaker and provide a control power transformer for 120-VAC circuits:
	1) Door-mounted disconnect handles are not acceptable.
	2) Mechanically interlock the disconnect switch with the control enclosure doors so that no door can be opened unless the power is disconnected, and the disconnect switch cannot be closed until all doors are closed.
	3) Provide means to defeat the interlock.
	4) Lockable in the off position.

	b. Control panels supplied with 120 VAC:
	1) Provide an internal breaker with the line side terminals covered by a barrier.
	2) Provide a nameplate prominently positioned on the control panel identifying the location of the power source and a warning statement requiring the source to be disconnected before opening the door to the enclosure.


	2. Provide Low Voltage Molded Case Circuit Breakers as fabricated by manufacturers listed in Section 1.01.C.
	3. Selection and ratings of protective devices:
	a. Interrupting ratings: Not less than the system maximum available fault current at the point of application.
	b. Voltage rating: Not less than the voltage of the application.
	c. Select current rating and trip characteristics to be suitable for:
	1) Maximum normal operating current.
	2) Inrush characteristics.
	3) Coordination of the protective devices to each other and to the source breaker feeding the panel.


	4. Provide a separate protective device for each powered electrical device:
	a. An individual circuit breaker for each 120-VAC instrument installed within its respective control panel and clearly identified for function.
	b. An individual fuse for each PLC discrete output. Provide with individual blown fuse indication external of the I/O card:
	1) Size external fuse to open before any I/O-card-mounted fuses.

	c. Individual discrete inputs shall use a 1/2-ampere fuse.
	1) Control loops shall use a 5-ampere fuse.

	d. Install protective devices on the back-mounting panel and identify by a service nameplate in accordance with the wiring diagrams.

	5. Fuses for 4-to- 20 milliamperes signals:
	a. Provide durable, readily visible label for each fuse, clearly indicating the correct type, size, and ratings of replacement fuse:
	1) Label shall not cover or interfere with equipment manufacturer's instructions.

	b. An individual 1/2-ampere fuse for each 4-to-20 milliamperes analog loop powered from the control panel.
	c. Provide fuses rated for the voltage and available short-circuit current at which they are applied.
	d. Manufacturers: One of the following or equal:
	1) Ferraz Shawmut.
	2) Littelfuse.
	3) Bussmann.


	6. Fuse holders:
	a. Modular type:
	1) DIN rail mounting on 35-millimeter rail.
	2) Touch-safe design: All connection terminals to be protected against accidental touch.
	3) Incorporates blown-fuse indicator.
	4) Plug-in style fuse terminals and fuse plugs are not acceptable.

	b. Provide vinyl white self-laminating label identifying each fuse adhered to the fuse holder or adhered to the panel as appropriate.  Use Brady labels.
	c. Manufacturers: One of the following or equal:
	1) Phoenix Contact, UT4-HESI Series.
	2) Allen-Bradley, 1492-FB Series B.


	7. Control circuit breakers:
	a. DIN rail mounting on 35-millimeter rail.
	b. Manual OPEN-CLOSE toggle switch.
	c. Rated for 250 VAC.
	d. Interrupting rating: 10-kiloampere (kA) or available fault current at the line terminal, whichever is higher.
	e. Current ratings: As required for the application.
	f. Provide vinyl white self-laminating label identifying each breaker adhered to the panel.  Use Brady labels.
	g. Manufacturers: One of the following or equal:
	1) Phoenix Contact, TMC Series.
	2) ABB.
	3) Allen-Bradley.
	4) Eaton.
	5) Square D.


	8. Electronic circuit protectors:
	a. Used where equipment is equipped with a NEC Class 2 power supplies requiring 100 watts to 8 amps.
	b. DIN rail mounting on 35-millimeter rail.
	c. Rated for 24 VDC.
	d. 4 channels to feed 4 independent power feeds to separate devices.
	e. Output current ratings: As required for the application.
	f. LED input status indication.
	g. LED failure status of each channel indication.
	h. Fail contacts.
	i. Provide vinyl white self-laminating label identifying each circuit breaker adhered to the panel as appropriate.  Use Brady labels.
	j. Manufacturers: One of the following or equal:
	1) Rockwell Automation 1692-TD014.
	2) Puls PISA11 series.



	D. Conductors and cables:
	1. Power and control wiring:
	a. Materials: Stranded, soft annealed copper.
	b. Insulation: 600-volts type MTW.
	c. Minimum sizes:
	1) Primary power distribution: 12 AWG.
	2) Secondary power distribution: 14 AWG.
	3) Control: 16 AWG.

	d. Color:
	1) AC power (line and load): Black.
	2) AC power (neutral): White.
	3) AC control: Red.
	4) AC control: Orange for foreign voltages.
	5) DC power and control (ungrounded): Blue.
	6) DC power and control (grounded): White with Blue stripe.
	7) Ground: Green.


	2. Signal cables:
	a. Materials: Stranded, soft annealed copper.
	b. Insulation: 600-volts, PVC outer jacket.
	c. Minimum size: 18 AWG paired triad.
	d. Overall aluminum shield (tape).
	e. Copper drain wire.
	f. Color for 2-Conductor cables:
	a) Positive (+): Black.
	b) Negative (-): White and red.


	g. Insulate the foil shielding and exposed drain wire for each signal cable with heat-shrink tubing.


	E. Conductor identification:
	1. Identify each conductor and cable with unique wire numbers utilizing vinyl white self-laminating label, identifying each conductor and cable, adhered in a wrapped fashion around each conductor and cable.  Use Brady labels.  Numbers on labels should be as specified in the drawings.
	2. Readily identified without twisting the conductor.

	F. General wiring requirements:
	1. Wiring methods: Wiring methods and materials for panels shall be in accordance with the NEC requirements for General Purpose (no open wiring) unless otherwise specified.
	2. Install all components in accordance with the manufacturer’s instructions included in the listing and labeling.
	3. Provide a nameplate on the bottom right corner of the cover of the control panel identifying all sources of power supply and foreign voltages within the control panel.  Utilize stamped or etched 316 SS name plates, riveted in place.
	4. Provide transformers, protective devices, and power supplies required to convert the supply voltage to the needed utilization voltage.
	5. Provide power surge protection for all control panels.
	6. Provide signal surge protection within control panels for each analog I/O, discrete I/O, and data line (Copper Ethernet, Coax, Fieldbus signals) that originates from outdoor devices.
	7. Provide non-metallic ducts for routing and organization of conductors and cables:
	a. Provide wiring separation plan.
	b. Size ducts for ultimate build-out of the panel, or for 20-percent spare, whichever is greater.
	c. Provide separate ducts for signal and low-voltage wiring from power and 120-VAC control wiring:
	1) 120 VAC: Grey or White colored ducts.
	2) 24 VDC: White colored ducts.


	8. Cables shall be fastened with cable-mounting clamps or with cable ties supported by any of the following methods:
	a. Screw-on cable tie mounts.
	b. Hammer-on cable-tie mounting clips.
	c. Fingers of the nonmetallic duct.

	9. Wire ties:
	a. No wire ties inside wire duct.
	b. Use Panduit Cable tie installation tool, with tension control/cutoff.
	c. Verify cut ends are cut flush filed smooth after installed.

	10. Provide supports at the ends of cables to prevent mechanical stresses at the termination of conductors.
	11. Support panel conductors where necessary to keep them in place.
	12. Wiring to rear terminals on panel-mount instruments shall be run in nonmetallic duct secured to horizontal brackets run adjacent to the instruments.
	13. Conductors and cables shall be run from terminal to terminal without splice or joints. Exceptions:
	a. Factory-applied connectors molded onto cables shall be permitted. Such connectors shall not be considered as splices or joints.

	14. The control panel shall be the source of power for all 120-VAC devices interconnected with the control panel including, but not limited to instruments both mounted in the control panel and remotely connected to the control panel.

	G. Provide power circuits for all Contractor and Vendor-furnished PLC cabinets in accordance with the PLC and Instrument Power wiring diagrams Indicated on the Drawings or as specified.

	1.05 CONTROL SWITCHES AND INDICATOR LIGHTS
	A. Manufacturers
	1. Eaton.
	2. General Electric Company.
	3. Square D Company.
	4. Allen Bradley.

	B. Substitutions:  Product Substitutions must be preapproved by ERHWSC prior to beginning construction.
	C. Control Switches
	1. Contacts:  NEMA ICS 2; at least two Form C contact sets.
	2. Contact Ratings:  NEMA ICS 2; 120V, 10 ampere inductive.
	3. Selector Switch Operators:  NEMA ICS 2; heavy-duty, oil tight, NEMA 3 multi-position rotary selector switch.
	4. Push-button Operator:  NEMA ICS 2; heavy-duty oil tight NEMA 4 unguarded and lockable type; black for start, red for stop.

	D. Indicator Lights:  Red for run, amber or yellow for alarm, green for control mode; LED, oil-tight, 100,000-hour rated life expectancy; rated voltage approximately 125 percent of nominal 120 VAC operating voltage.  To be push-to-test type.

	1.06 CONTROL RELAYS
	A. Contacts:  NEMA ICS 2; three Form C contact sets.
	B. Rating:  NEMA ICS 2; 120-volt, 10 ampere inductive.
	C. Coil Voltage:  120-volt, 60 Hz AC, or 24-volt DC, 60 Hz DC as required.
	D. Socket:  Allen Bradley 700-H with coding system, label and label holder (11-pin).
	E. Features:  11-pin tube socket relay base, external color-coded test button,
	F. Mechanical and electrical status indications, impact-resistant thermoplastic case.
	G. Manufacturer:  Allen Bradley, or approved equal.
	H. Spare Units:  In addition to units installed, furnish 2 spare units.

	1.07 TIME DELAY RELAYS
	A. Contacts:  NEMA ICS 2; three Form C contact sets.
	B. Contact Ratings:  NEMA ICS 2; DPDT Class; 120-volt 10 ampere inductive.
	C. Coil Voltage: 120-volt 60 Hz AC.
	D. Socket: Allen Bradley 700-H with coding system, label and label holder (11-pin).
	E. Description:  Control relay with added Time Cube Module as manufactured by Allen Bradley.; 700-HR, with on or off delay, as indicated.
	F. Features:  Dial-selectable timing ranges of 0.05 s to 300 hr.; externally adjustable graduated time dial; solid-state digital timing system.
	G. Spare Units:  In addition to units installed, furnish 2 spare units.
	H. Starting of multiple pump motors shall utilize 15 second time delay to start each subsequent pump, in order to minimize the inrush current of the backup generator source.

	1.08 PUMP MOTOR MONITORING AND CONTROL
	A. Manufacturer and Model:  FLYGT model MAS 711 or preapproved equal.
	B. Operational system sensor perimeter includes:
	1. Motor sensing via sub ca 24 lead cable:
	a. Vibration
	b. Water-in-Oil (Oil Housing)
	c. Junction Box Leakage.
	d. Stator Housing Leakage.
	e. Support Bearing Temp.
	f. Main Bearing Temp.
	g. Stator Temp. PH3 Analog
	h. Stator Temp. Ph2 Analog
	i. Stator Temp. PH1 Analog
	j. Stator Temp. Monitoring
	k. Supply to pump memory.

	2. Power analyzer module to indicate:
	a. Pump motor current.
	b. Current imbalance.
	c. Voltage.
	d. Voltage imbalance.
	e. Power factor.


	C. Provide connection from monitor module to operator panel, power analyzer, and communication system including PLC and Ethernet switch.
	D. Confirm all wiring diagrams in writing with Pump supplier and motor control center supplier.  Confirm that wiring diagrams are in accordance with pump supplier’s instruction manuals.

	1.09 PROGRAMMABLE LOGIC CONTROLLER (PLC)
	A. Manufacturer and Product:  Allen-Bradley Compact Logix Model 5380-; (with integral Ethernet, the latest version at the time of delivery); or preapproved equal, must be the latest series model and capable of Force-main or Duplex/Triplex downstream lift station controls.
	B. Description: Modular Programmable Controller and Removable 2 MB Micro Memory Card.
	C. Service Conditions
	1. Temperature:  32 to 140 degrees F, horizontally installed.
	2. Humidity:  5 to 95 percent, non-condensing.
	3. Electromagnetic Compatibility:  Noise suppression to EN 50082-2, Noise emission to EN50081-2.
	4. Vibration:  IEC 68, Part 2-6/10 to 58 Hz.
	5. Shock:  IEC 68, Part 2-27/half-sine:  15 g peak, 11 milliseconds.

	D. Configuration
	1. Processor Rack:  Include processor, power supply, micro memory card, communication modules, and input/output modules with front connectors.
	2. Expansion Unit:  Include interface module, power supply, communication module, input/output modules, front connectors and necessary connection cables.
	3. Mounting Rail:  Provide passive mounting rail for processor, power supply, communication, and input/output modules.

	E. Processor Unit
	1. Studio 5000 environment and development tools
	2. Logix real-time control and Windows 10 Iot Enterprise operation system on single platform.

	F. Power Supply
	1. Input:  85-132/170-264 VAC, switch-selectable.
	2. Output:  24 VDC, 10-amp.
	3. Mounting:  On PLC Mounting Rail.
	4. Front Panel:  Green status LED, On/Off Switch, Input Voltage Selector.
	5. Output Terminations:  Screw terminations with connector to PLC CPU, plus additional terminations for wiring to other control system 24 VDC needs.

	G. UPS: Provide complete, factory-assembled, wired, and tested, true on-line double conversion UPS equipment including, but not limited to, rectifier, DC bus, inverter, battery charger, batteries, automatic bypass, and ancillary components as specified in this Section and as indicated on the Drawings.  UPS shall have the capacity to provide a minimum of 30 minutes of uninterruptible backup power to control panel power electronics/PLC.
	H. Input/Output Units
	1. Spare Input/Output Capacity:  At least 25 percent spare capacity of each I/O type installed.
	2. Discrete Input Characteristics:  16 points; 24 volts DC.
	3. Analog Input Characteristics:  8 channels for configurable in groups of 2,4 to 20 milliamperes DC.
	4. Discrete Output Characteristics:  16 points; Relay.
	5. Analog Output Characteristics:  8 channels, 4 to 20 milliamperes DC.
	6. RJ-45 jack I/O to interface with Ethernet switch.

	I. Communication Interfaces for Remote Lift Station
	1. Ethernet Interface:  Integral to CPU, 10/100 Mbps with automatic speed detection, supports open TCP/IP, PLC programming, HMI communications, ST Communications, Profinet CBA and Pronet IO-Controller.
	2. Ethernet Switch:  Managed Industrial Ethernet Switch to be mounted in control panel and connected to PLCs with Ethernet interface.
	a. N-tron, Redlion
	1) Manufacturer and Model:  N-tron, Redlion
	2) Electrical Ports:  Eight RJ45, 10/100 Mbps, connectors latch to housing for strain relief.
	3) Power:  Redundant 24 VDC
	4) Mounting:  Standard DIN rail, PLC Rail
	5) Diagnostic Leds:  Power, Link Status, Communications
	6) Housing:  Metal

	b. Stratix 2500, Allen Bradley
	1) Manufacturer and Model:  Stratix 2500, Allen Bradley
	2) Electrical Ports:  Eight RJ45, 10/100 Mbps, connectors latch to housing for strain relief.
	3) Power:  Redundant 24 VDC
	4) Mounting:  Standard DIN rail, PLC Rail
	5) Diagnostic Leds:  Power, Link Status, Communications
	6) Housing:  Metal



	J. Programming, Software and Programming Equipment
	1. Configure system and program for operation as specified in this Section.  Program must be tested and certified by ERHWSC.
	2. System Software:  Windows 10 software. Contractor to supply any other software or interfaces and cables needed to support equipment supplied on this project.
	3. Control Program:  Contractor shall provide necessary programming modifications and enter the required variable parameters Allen Bradley Studio 5000 Program to provide a complete functional and integrated system.  Contractor shall customize the generic software to meet site-specific conditions such as control functions, actual pump quantities, and sequence options.  The system shall be fully tested to be operational prior to substantial completion.
	4. Contractor shall provide ERHWSC with LOGIX Designer PLC programing and HMI Interface software programming in a digital format on a flash drive.
	5. Control Program Data Sheet:  Contractor shall complete and submit Lift Station Data Sheet. System I/O list shall be submitted with Data Sheet.

	K. Spare Capacity:  Provide at least 100 percent processor available memory, 25 percent spare rack space, and 25 percent spare I/O’s configured, wired, terminated, and identified as such, but not used in the program.
	L. Contractor will provide spare parts, which will include the following for each PLC furnished:
	1. One discrete input.
	2. One discrete output.
	3. One analog input.
	4. One analog output.
	5. One PLC power supply.
	6. One CPU with Ethernet ports.
	7. One of each Interface Module.
	8. Connections to radio transmitter.

	M. Connect PLC inputs/outputs including analog inputs through snap-on isolated fused terminal blocks.
	N. Separate the AC and control signals from DC and loop signals by at least 6 inches.  Provide a barrier between AC and DC within the raceways.


	A. Panels/enclosures:
	1. Manufacturers: One of the following:
	a. Rittal.
	b. nVent/Hoffman.
	2. Panel assembly:
	a. General guidelines for panel fabrication include:
	1) Continuous welds ground smooth.
	2) Exposed surfaces free of burrs and sharp edges.
	3) Base formed of Type 304 powder-coated stainless steel or Type 316 stainless steel, minimum 1/2-inch holes at 12-inch spacing to accommodate anchoring of freestanding enclosures to floor.

	b. Construct enclosure and mounting panel using stretcher-level quality Type 304 powder-coated stainless steel or Type 316 stainless steel sheet metal having minimum thickness not less than the following sizes (U.S. Standard Gauge):
	c. Construct supporting frame structure with angled, channeled, or folded rigid section of sheet metal, rigidly attached to and having essentially the same outer dimensions as the enclosure surface and having sufficient torsional rigidity to resist the bending moments applied via the enclosure surface when it is deflected.
	d. Provide stiffeners for back mounting panels in enclosures larger than 4-feet. In addition, secure the panels in place by collar studs welded to the enclosure.
	e. Door construction:
	1) Turned-back edges suitably braced and supported to maintain alignment and rigidity without sagging.
	2) Sufficient width to permit door opening without interference with rear projection of flush-mounted instruments.
	3) Heavy-gauge Type 316 stainless steel hinges.
	4) For NEMA Type 12, Type 4, and Type 4X, provide oil-resistant neoprene sealing gasket and adhesive to seal cover to enclosure.
	5) Gasket installed to seal against roll lip on the enclosure opening.

	f. Latches:
	1) For panels, provide each door with a 3-point latching mechanism and locking handle with rollers on the ends of the latch rods. Latch rods shall be connected to a common door handle, hold doors securely, and form a compressed seal between door and gasket, at the top, side, and bottom.
	a) Provide padlock for each enclosure with padlock provisions.

	2) Include an oil tight key-locking, 3-point latching mechanism on each door:
	a) Provide 2 keys per panel.
	b) All locks keyed alike.


	g. Panel cut-outs:
	1) Cut, punch, or drill cutouts for instruments, devices, and windows. Smoothly finish with rounded edges.
	2) Allow a minimum of 3-inch envelope around all displays, controllers, and monitors.
	3) Reinforce around cut-outs with Type 304 powder-coated stainless steel or Type 316 stainless angles or flat bars for the following:
	a) Large panel cutouts; for example, openings for local operator interfaces.
	b) Pilot device groupings, where the removed metal exceeds 50 percent of the available metal.



	3. In addition to the requirements specified above, the following requirements for NEMA Type 4X powder coated Type 304 stainless steel enclosures apply:
	a. Minimum 14-gauge, Type 304 stainless steel.
	b. Captive Type 316 stainless-steel cover screws threaded into sealed wells.
	c. Inside finish: White polyester powder coating.
	d. Specifically designed for use with flange-mounted disconnect handles where required or as indicated on the Drawings.
	e. NEMA Type 4X powder-coated Type 304 stainless-steel enclosures are not an acceptable substitute for 316 stainless steel unless indicated on the Drawings.

	4. In addition to the requirements specified above, the following requirements apply for NEMA Type 4X non-metallic enclosures:
	a. Fiberglass construction.
	b. Type 316 stainless steel reinforcing on the sides, top, and bottom.
	c. All seams sealed.
	d. Fiberglass hinges with no exposed metal parts.
	e. Captivated Type 316 stainless steel door screws.
	f. Provisions for internal, sidewall mounting panels either by welded channels to the interior, or by welded collar studs.
	g. Provide aluminum mounting panels.
	h. Non-metallic enclosures are not an acceptable substitute for Type 304 powder-coated stainless steel or Type 316 stainless steel unless indicated on the Drawings.

	5. Outdoor panels. Supplementary requirements for panels located outdoors are as follows:
	a. All enclosures located outdoors shall be explicitly designed and rated for outdoor service by the manufacturer.
	b. Door hardware: Type 316 Stainless steel.
	c. Provide factory installed rain canopy and sun shield for all enclosures with operator interface panels and any plastic exposed components.
	d. Bases: Heavy channel, gasketed Type 316 stainless steel bases, flanges up, for anchoring to pad.


	B. Arrangement of components:
	1. Arrange panel internal components for external conduit and piping to enter into panel either from the side or below.  No top penetrations are allowed.
	2. Arrange panel instruments and control devices in a logical configuration, associating pushbutton and selector switches with related readout devices, or as indicated on the Drawings.
	3. Mount internal control components on an internal back panel.  Devices may be mounted on the side panel only by special permission from the Engineer & Owner.
	4. All control panel mounted operator interface devices shall be mounted between 3 feet and 5 feet above finished floor.

	C. Overcurrent protection:
	1. Main overcurrent device:
	a. Where the electrical power supply voltage to the control panel is more than 120 VAC, provide the panel with a flange-mounted disconnect handle operating a molded-case circuit breaker and provide a control power transformer for 120-VAC circuits:
	1) Door-mounted disconnect handles are not acceptable.
	2) Mechanically interlock the disconnect switch with the control enclosure doors so that no door can be opened unless the power is disconnected, and the disconnect switch cannot be closed until all doors are closed.
	3) Provide means to defeat the interlock.
	4) Lockable in the off position.

	b. Control panels supplied with 120 VAC:
	1) Provide an internal breaker with the line side terminals covered by a barrier.
	2) Provide a nameplate prominently positioned on the control panel identifying the location of the power source and a warning statement requiring the source to be disconnected before opening the door to the enclosure.


	2. Provide Low Voltage Molded Case Circuit Breakers as fabricated by manufacturers listed in Section 1.01.C.
	3. Selection and ratings of protective devices:
	a. Interrupting ratings: Not less than the system maximum available fault current at the point of application.
	b. Voltage rating: Not less than the voltage of the application.
	c. Select current rating and trip characteristics to be suitable for:
	1) Maximum normal operating current.
	2) Inrush characteristics.
	3) Coordination of the protective devices to each other and to the source breaker feeding the panel.


	4. Provide a separate protective device for each powered electrical device:
	a. An individual circuit breaker for each 120-VAC instrument installed within its respective control panel and clearly identified for function.
	b. An individual fuse for each PLC discrete output. Provide with individual blown fuse indication external of the I/O card:
	1) Size external fuse to open before any I/O-card-mounted fuses.

	c. Individual discrete inputs shall use a 1/2-ampere fuse.
	1) Control loops shall use a 5-ampere fuse.

	d. Install protective devices on the back-mounting panel and identify by a service nameplate in accordance with the wiring diagrams.

	5. Fuses for 4-to- 20 milliamperes signals:
	a. Provide durable, readily visible label for each fuse, clearly indicating the correct type, size, and ratings of replacement fuse:
	1) Label shall not cover or interfere with equipment manufacturer's instructions.

	b. An individual 1/2-ampere fuse for each 4-to-20 milliamperes analog loop powered from the control panel.
	c. Provide fuses rated for the voltage and available short-circuit current at which they are applied.
	d. Manufacturers: One of the following or equal:
	1) Ferraz Shawmut.
	2) Littelfuse.
	3) Bussmann.


	6. Fuse holders:
	a. Modular type:
	1) DIN rail mounting on 35-millimeter rail.
	2) Touch-safe design: All connection terminals to be protected against accidental touch.
	3) Incorporates blown-fuse indicator.
	4) Plug-in style fuse terminals and fuse plugs are not acceptable.

	b. Provide vinyl white self-laminating label identifying each fuse adhered to the fuse holder or adhered to the panel as appropriate.  Use Brady labels.
	c. Manufacturers: One of the following or equal:
	1) Phoenix Contact, UT4-HESI Series.
	2) Allen-Bradley, 1492-FB Series B.


	7. Control circuit breakers:
	a. DIN rail mounting on 35-millimeter rail.
	b. Manual OPEN-CLOSE toggle switch.
	c. Rated for 250 VAC.
	d. Interrupting rating: 10-kiloampere (kA) or available fault current at the line terminal, whichever is higher.
	e. Current ratings: As required for the application.
	f. Provide vinyl white self-laminating label identifying each breaker adhered to the panel.  Use Brady labels.
	g. Manufacturers: One of the following or equal:
	1) Phoenix Contact, TMC Series.
	2) ABB.
	3) Allen-Bradley.
	4) Eaton.
	5) Square D.


	8. Electronic circuit protectors:
	a. Used where equipment is equipped with a NEC Class 2 power supplies requiring 100 watts to 8 amps.
	b. DIN rail mounting on 35-millimeter rail.
	c. Rated for 24 VDC.
	d. 4 channels to feed 4 independent power feeds to separate devices.
	e. Output current ratings: As required for the application.
	f. LED input status indication.
	g. LED failure status of each channel indication.
	h. Fail contacts.
	i. Provide vinyl white self-laminating label identifying each circuit breaker adhered to the panel as appropriate.  Use Brady labels.
	j. Manufacturers: One of the following or equal:
	1) Rockwell Automation 1692-TD014.
	2) Puls PISA11 series.



	D. Conductors and cables:
	1. Power and control wiring:
	a. Materials: Stranded, soft annealed copper.
	b. Insulation: 600-volts type MTW.
	c. Minimum sizes:
	1) Primary power distribution: 12 AWG.
	2) Secondary power distribution: 14 AWG.
	3) Control: 16 AWG.

	d. Color:
	1) AC power (line and load): Black.
	2) AC power (neutral): White.
	3) AC control: Red.
	4) AC control: Orange for foreign voltages.
	5) DC power and control (ungrounded): Blue.
	6) DC power and control (grounded): White with Blue stripe.
	7) Ground: Green.


	2. Signal cables:
	a. Materials: Stranded, soft annealed copper.
	b. Insulation: 600-volts, PVC outer jacket.
	c. Minimum size: 18 AWG paired triad.
	d. Overall aluminum shield (tape).
	e. Copper drain wire.
	f. Color for 2-Conductor cables:
	a) Positive (+): Black.
	b) Negative (-): White and red.


	g. Insulate the foil shielding and exposed drain wire for each signal cable with heat-shrink tubing.


	E. Conductor identification:
	1. Identify each conductor and cable with unique wire numbers utilizing vinyl white self-laminating label, identifying each conductor and cable, adhered in a wrapped fashion around each conductor and cable.  Use Brady labels.  Numbers on labels should be as specified in the drawings.
	2. Readily identified without twisting the conductor.

	F. General wiring requirements:
	1. Wiring methods: Wiring methods and materials for panels shall be in accordance with the NEC requirements for General Purpose (no open wiring) unless otherwise specified.
	2. Install all components in accordance with the manufacturer’s instructions included in the listing and labeling.
	3. Provide a nameplate on the bottom right corner of the cover of the control panel identifying all sources of power supply and foreign voltages within the control panel.  Utilize stamped or etched 316 SS name plates, riveted in place.
	4. Provide transformers, protective devices, and power supplies required to convert the supply voltage to the needed utilization voltage.
	5. Provide power surge protection for all control panels.
	6. Provide signal surge protection within control panels for each analog I/O, discrete I/O, and data line (Copper Ethernet, Coax, Fieldbus signals) that originates from outdoor devices.
	7. Provide non-metallic ducts for routing and organization of conductors and cables:
	a. Provide wiring separation plan.
	b. Size ducts for ultimate build-out of the panel, or for 20-percent spare, whichever is greater.
	c. Provide separate ducts for signal and low-voltage wiring from power and 120-VAC control wiring:
	1) 120 VAC: Grey or White colored ducts.
	2) 24 VDC: White colored ducts.


	8. Cables shall be fastened with cable-mounting clamps or with cable ties supported by any of the following methods:
	a. Screw-on cable tie mounts.
	b. Hammer-on cable-tie mounting clips.
	c. Fingers of the nonmetallic duct.

	9. Wire ties:
	a. No wire ties inside wire duct.
	b. Use Panduit Cable tie installation tool, with tension control/cutoff.
	c. Verify cut ends are cut flush filed smooth after installed.

	10. Provide supports at the ends of cables to prevent mechanical stresses at the termination of conductors.
	11. Support panel conductors where necessary to keep them in place.
	12. Wiring to rear terminals on panel-mount instruments shall be run in nonmetallic duct secured to horizontal brackets run adjacent to the instruments.
	13. Conductors and cables shall be run from terminal to terminal without splice or joints. Exceptions:
	a. Factory-applied connectors molded onto cables shall be permitted. Such connectors shall not be considered as splices or joints.

	14. The control panel shall be the source of power for all 120-VAC devices interconnected with the control panel including, but not limited to instruments both mounted in the control panel and remotely connected to the control panel.

	G. Provide power circuits for all Contractor and Vendor-furnished PLC cabinets in accordance with the PLC and Instrument Power wiring diagrams Indicated on the Drawings or as specified.

	1.05 CONTROL SWITCHES AND INDICATOR LIGHTS
	A. Manufacturers
	1. Eaton.
	2. General Electric Company.
	3. Square D Company.
	4. Allen Bradley.

	B. Substitutions:  Product Substitutions must be preapproved by ERHWSC prior to beginning construction.
	C. Control Switches
	1. Contacts:  NEMA ICS 2; at least two Form C contact sets.
	2. Contact Ratings:  NEMA ICS 2; 120V, 10 ampere inductive.
	3. Selector Switch Operators:  NEMA ICS 2; heavy-duty, oil tight, NEMA 3 multi-position rotary selector switch.
	4. Push-button Operator:  NEMA ICS 2; heavy-duty oil tight NEMA 4 unguarded and lockable type; black for start, red for stop.

	D. Indicator Lights:  Red for run, amber or yellow for alarm, green for control mode; LED, oil-tight, 100,000-hour rated life expectancy; rated voltage approximately 125 percent of nominal 120 VAC operating voltage.  To be push-to-test type.

	1.06 CONTROL RELAYS
	A. Contacts:  NEMA ICS 2; three Form C contact sets.
	B. Rating:  NEMA ICS 2; 120-volt, 10 ampere inductive.
	C. Coil Voltage:  120-volt, 60 Hz AC, or 24-volt DC, 60 Hz DC as required.
	D. Socket:  Allen Bradley 700-H with coding system, label and label holder (11-pin).
	E. Features:  11-pin tube socket relay base, external color-coded test button,
	F. Mechanical and electrical status indications, impact-resistant thermoplastic case.
	G. Manufacturer:  Allen Bradley, or approved equal.
	H. Spare Units:  In addition to units installed, furnish 2 spare units.

	1.07 TIME DELAY RELAYS
	A. Contacts:  NEMA ICS 2; three Form C contact sets.
	B. Contact Ratings:  NEMA ICS 2; DPDT Class; 120-volt 10 ampere inductive.
	C. Coil Voltage: 120-volt 60 Hz AC.
	D. Socket: Allen Bradley 700-H with coding system, label and label holder (11-pin).
	E. Description:  Control relay with added Time Cube Module as manufactured by Allen Bradley.; 700-HR, with on or off delay, as indicated.
	F. Features:  Dial-selectable timing ranges of 0.05 s to 300 hr.; externally adjustable graduated time dial; solid-state digital timing system.
	G. Spare Units:  In addition to units installed, furnish 2 spare units.
	H. Starting of multiple pump motors shall utilize 15 second time delay to start each subsequent pump, in order to minimize the inrush current of the backup generator source.

	1.08 PUMP MOTOR MONITORING AND CONTROL
	A. Manufacturer and Model:  FLYGT model MAS 711 or preapproved equal.
	B. Operational system sensor perimeter includes:
	1. Motor sensing via sub ca 24 lead cable:
	a. Vibration
	b. Water-in-Oil (Oil Housing)
	c. Junction Box Leakage.
	d. Stator Housing Leakage.
	e. Support Bearing Temp.
	f. Main Bearing Temp.
	g. Stator Temp. PH3 Analog
	h. Stator Temp. Ph2 Analog
	i. Stator Temp. PH1 Analog
	j. Stator Temp. Monitoring
	k. Supply to pump memory.

	2. Power analyzer module to indicate:
	a. Pump motor current.
	b. Current imbalance.
	c. Voltage.
	d. Voltage imbalance.
	e. Power factor.


	C. Provide connection from monitor module to operator panel, power analyzer, and communication system including PLC and Ethernet switch.
	D. Confirm all wiring diagrams in writing with Pump supplier and motor control center supplier.  Confirm that wiring diagrams are in accordance with pump supplier’s instruction manuals.

	1.09 PROGRAMMABLE LOGIC CONTROLLER (PLC)
	A. Manufacturer and Product:  Allen-Bradley Compact Logix Model 5380-; (with integral Ethernet, the latest version at the time of delivery); or preapproved equal, must be the latest series model and capable of Force-main or Duplex/Triplex downstream lift station controls.
	B. Description: Modular Programmable Controller and Removable 2 MB Micro Memory Card.
	C. Service Conditions
	1. Temperature:  32 to 140 degrees F, horizontally installed.
	2. Humidity:  5 to 95 percent, non-condensing.
	3. Electromagnetic Compatibility:  Noise suppression to EN 50082-2, Noise emission to EN50081-2.
	4. Vibration:  IEC 68, Part 2-6/10 to 58 Hz.
	5. Shock:  IEC 68, Part 2-27/half-sine:  15 g peak, 11 milliseconds.

	D. Configuration
	1. Processor Rack:  Include processor, power supply, micro memory card, communication modules, and input/output modules with front connectors.
	2. Expansion Unit:  Include interface module, power supply, communication module, input/output modules, front connectors and necessary connection cables.
	3. Mounting Rail:  Provide passive mounting rail for processor, power supply, communication, and input/output modules.

	E. Processor Unit
	1. Studio 5000 environment and development tools
	2. Logix real-time control and Windows 10 Iot Enterprise operation system on single platform.

	F. Power Supply
	1. Input:  85-132/170-264 VAC, switch-selectable.
	2. Output:  24 VDC, 10-amp.
	3. Mounting:  On PLC Mounting Rail.
	4. Front Panel:  Green status LED, On/Off Switch, Input Voltage Selector.
	5. Output Terminations:  Screw terminations with connector to PLC CPU, plus additional terminations for wiring to other control system 24 VDC needs.

	G. UPS: Provide complete, factory-assembled, wired, and tested, true on-line double conversion UPS equipment including, but not limited to, rectifier, DC bus, inverter, battery charger, batteries, automatic bypass, and ancillary components as specified in this Section and as indicated on the Drawings.  UPS shall have the capacity to provide a minimum of 30 minutes of uninterruptible backup power to control panel power electronics/PLC.
	H. Input/Output Units
	1. Spare Input/Output Capacity:  At least 25 percent spare capacity of each I/O type installed.
	2. Discrete Input Characteristics:  16 points; 24 volts DC.
	3. Analog Input Characteristics:  8 channels for configurable in groups of 2,4 to 20 milliamperes DC.
	4. Discrete Output Characteristics:  16 points; Relay.
	5. Analog Output Characteristics:  8 channels, 4 to 20 milliamperes DC.
	6. RJ-45 jack I/O to interface with Ethernet switch.

	I. Communication Interfaces for Remote Lift Station
	1. Ethernet Interface:  Integral to CPU, 10/100 Mbps with automatic speed detection, supports open TCP/IP, PLC programming, HMI communications, ST Communications, Profinet CBA and Pronet IO-Controller.
	2. Ethernet Switch:  Managed Industrial Ethernet Switch to be mounted in control panel and connected to PLCs with Ethernet interface.
	a. N-tron, Redlion
	1) Manufacturer and Model:  N-tron, Redlion
	2) Electrical Ports:  Eight RJ45, 10/100 Mbps, connectors latch to housing for strain relief.
	3) Power:  Redundant 24 VDC
	4) Mounting:  Standard DIN rail, PLC Rail
	5) Diagnostic Leds:  Power, Link Status, Communications
	6) Housing:  Metal

	b. Stratix 2500, Allen Bradley
	1) Manufacturer and Model:  Stratix 2500, Allen Bradley
	2) Electrical Ports:  Eight RJ45, 10/100 Mbps, connectors latch to housing for strain relief.
	3) Power:  Redundant 24 VDC
	4) Mounting:  Standard DIN rail, PLC Rail
	5) Diagnostic Leds:  Power, Link Status, Communications
	6) Housing:  Metal



	J. Programming, Software and Programming Equipment
	1. Configure system and program for operation as specified in this Section.  Program must be tested and certified by ERHWSC.
	2. System Software:  Windows 10 software. Contractor to supply any other software or interfaces and cables needed to support equipment supplied on this project.
	3. Control Program:  Contractor shall provide necessary programming modifications and enter the required variable parameters Allen Bradley Studio 5000 Program to provide a complete functional and integrated system.  Contractor shall customize the generic software to meet site-specific conditions such as control functions, actual pump quantities, and sequence options.  The system shall be fully tested to be operational prior to substantial completion.
	4. Contractor shall provide ERHWSC with LOGIX Designer PLC programing and HMI Interface software programming in a digital format on a flash drive.
	5. Control Program Data Sheet:  Contractor shall complete and submit Lift Station Data Sheet. System I/O list shall be submitted with Data Sheet.

	K. Spare Capacity:  Provide at least 100 percent processor available memory, 25 percent spare rack space, and 25 percent spare I/O’s configured, wired, terminated, and identified as such, but not used in the program.
	L. Contractor will provide spare parts, which will include the following for each PLC furnished:
	1. One discrete input.
	2. One discrete output.
	3. One analog input.
	4. One analog output.
	5. One PLC power supply.
	6. One CPU with Ethernet ports.
	7. One of each Interface Module.
	8. Connections to radio transmitter.

	M. Connect PLC inputs/outputs including analog inputs through snap-on isolated fused terminal blocks.
	N. Separate the AC and control signals from DC and loop signals by at least 6 inches.  Provide a barrier between AC and DC within the raceways.
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