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 SECTION 02670 
 
 HYDROSTATIC TEST OF WASTEWATER FORCE MAINS 
 
                                                                 
PART 1 - GENERAL 
 
1.1 Scope 
 
 This section of the Specifications covers the requirements for the hydrostatic test of 

wastewater force mains.  
 
1.2 Related Work 
 
 Refer to the following sections of these specifications for related work: 
 
 A. Section 02740, “PVC Pressure Pipe for Sanitary Sewer Force Main” 
 
1.3 Guarantee 
 
 A. The pipe Contractor shall guarantee the pipeline against leaks and breaks due to 

defective materials or workmanship, for a period of one (1) year from the date of 
completion of the contract.  Damage or leaks due to the acts of God or from 
sabotage and/or vandalism occurring after the pipeline has been accepted and 
placed in operation are specifically excepted from this guarantee. 

 
 B. When defective material and workmanship are discovered requiring repairs to be 

made under this guarantee, all such repair work shall be done by the Contractor at 
his own expense within five (5) days after written notice of any leaks has been given 
him by the Owner.  Should the Contractor fail to repair such leaks within five (5) days 
thereafter, the Owner may make the necessary repairs and charge the Contractor 
with the actual cost of all labor and material required.  In emergencies demanding 
immediate attention, the Owner shall have the right to repair the same and charge 
the Contractor with the actual cost of all labor and materials required. 

 
1.4 Measurement and Payment 
 
 If no item for “Hydrostatic Test of Wastewater Force Mains” is provided for in Section 00105, 

“Proposal,” no separate measurement and payment will be made for this work, and the work 
shall be considered subsidiary to the project. 

 
PART 2 - PRODUCTS 
 
2.1 Water for Testing 
 
 A. The Contractor may draw water from a fire hydrant, or may install and use a tap into 

an operational waterline. 
 
 B. The water will be supplied at a rate which will allow the Owner to adequately 

furnished water service to the remainder of its distribution system, at the nearest 
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convenient connection approved by the Engineer. 
 
 C. Water for one testing, one flushing and one filling or a volume equal to three times 

the volume of the pipeline shall be furnished by the Owner at a nearby connection.  If 
additional water is required because of breaks, leaks, etc. the contractor shall 
purchase the water from the Owner at current water rates.   

 
2.2 Testing Apparatus 
 
 The testing apparatus shall consist of a low volume, high head pump, a pressure gauge with 

a minimum diameter of 4” and 5 pound numbered marking and individual markings at each 
1 pound, a water meter capable of registering at least 0.1 gallons of water, and an in-line 
check valve, located between the pump and the shut-off valve.  The Engineer shall inspect 
the testing apparatus prior to its connection to the operating water system. 

 
PART 3 - EXECUTION 
 
3.1 Preparation 
 
 After each section of pipe has been installed, it shall be blind flanged or capped.  The 

Contractor shall install a minimum of one (1) tap on each end of the section of pipe.  The 
taps shall be sized adequately to fill and/or flush the line in a timely manner.  Each tap shall 
be fitted with a shut off valve.  In addition, the Contractor shall install any taps necessary to 
evacuate entrapped air from the line.  At the line fill connection, the Contractor shall provide 
a pressure gauge above the ground between the shut-off valve and the waterline.  The 
Contractor shall be responsible for furnishing all fittings and pipe to connect from the water 
source to the water meter, and then to the force main.   

 
3.2 Filling the Line 
 
 Once the testing apparatus has been approved by the Engineer, the contractor may fill the 

line using the fill tap.  The line pressure shall be brought up to test value (100 psi) slowly 
over a period of twenty-four (24) hours before detailed inspection begins.  The Engineer 
shall be notified before filling any section of the pipe. 

 
3.3 Expelling Air 
 
 Before applying the specified test pressure, all air shall be expelled from the pipe.  If 

additional taps are necessary to expel this air, they shall be made at appropriate points and 
tightly plugged after the test is completed.  All exposed pipes, fittings, valves, and joints will 
be examined carefully during the test.  All joints showing visible leaks shall be made tight, or 
shall be cut out and replaced, at the Contractor's expense, as directed by the Engineer.  Any 
cracked or defective pipe fittings, or valves discovered in consequence of this pressure test, 
shall be removed and replaced by the Contractor with sound material and the test shall be 
repeated until satisfactory to the Engineer. 

 
3.4 Test Pressure 
 
 The test pressure shall be 1.5 times the working pressure but not less than one hundred and 

fifty pounds per square inch (150 psi) and must conform to AWWA C600 testing procedures. 
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3.5 Duration of Test 
 
 The pipeline shall be held at the test pressure for a minimum of eight (8) hours during which 

time the leakage determination shall be made. 
 
3.6 Leakage 
 
 Suitable means shall be provided by the Contractor for determining the quantity of water lost 

by leakage under test pressure.  No pipe installation will be accepted until, or unless, this 
leakage is less than the value indicated by the following equation: 

 
 L = (N) (D) (P)0.5 

      7400 
 
 where,  L = maximum allowable leakage, in gallons/hour 
   N = number of joints in tested length 
   D = nominal diameter of pipeline, in inches 
   P = mean test pressure, in psi 
 
 Should any test of combined sections of pipe installed disclose leakage greater than the 

specified limit, the Contractor shall at his own expense, locate and repair the defective joints 
until the leakage is within the specified allowance.  Repairs and test shall be repeated until 
the line shows no defects and is accepted by the Engineer.  Some pipe materials will absorb 
appreciable quantities of water after first being put under pressure, and this volume will show 
as “leakage” until the absorption capacity of the pipe material is satisfied. 

 
 
 *** END OF SECTION *** 
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 Section 02720 
 
 VACUUM TESTING OF SANITARY SEWER 
 MANHOLE AND STRUCTURES 
 
1.        DESCRIPTION 
 
This specification governs all work and materials necessary to perform vacuum testing of 
new or existing sanitary sewer manholes.  Manholes may be tested after installation with all 
connections (existing and/or proposed) in place.  Vacuum testing may be performed prior to 
or after backfilling by the installer.  Final acceptance in accordance with the requirements of 
this specification will consist of vacuum testing of the completed and installed structure 
(manhole) in place to include manhole/adjustment rings and manhole casting. Testing 
needs to conform to ASTM C-1244. 
 
2.        MATERIALS 
 
Vacuum testing shall consist of a minimum of the following: 
 
(a) Engine 
 
(b) Vacuum Pump  
 
(c) Hose 
 
(d) Test Head device capable of sealing opening in manhole casting as required. 
 
(e) Pneumatic test plugs - these plugs shall have a sealing length equal to or greater 

than the diameter of the connecting pipe to be sealed. 
 
3.        PROCEDURE 
 
(a) The test head shall be placed at the top of the manhole in accordance with the 

manufacturer’s recommendations. 
 
(b) A vacuum of 10 in. of mercury shall be drawn on the manhole, the valve on the 

vacuum line of the test head closed, and the vacuum pump shut off.  The time shall 
be measured for the vacuum to drop to 9 in. of mercury. 

 
(c) The manhole shall pass if the time for the vacuum reading to drop from 10 in. of 

mercury to 9 in. of mercury meets or exceeds the values indicated in Table 1. 
 
(d) If the manhole fails the initial test, necessary repairs shall be made by an approved 

method.  The manhole shall then be retested until a satisfactory test is obtained. 
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TABLE 1 Minimum Test Times for Various Manhole Diameters (ASTM C1244) 
 

 
 Depth 

 
Diameter, in. 

 
(Ft) 

 
42 

 
48 

 
54 

 
60 

 
72 

 
                                       Time, s 
 

8 
 

17 
 

20 
 

23 
 

26 
 

33 
 

10 
 

21 
 

25 
 

29 
 

33 
 

41 
 

12 
 

25 
 

30 
 

35 
 

39 
 

49 
 

14 
 

30 
 

35 
 

41 
 

46 
 

57 
 

16 
 

34 
 

40 
 

46 
 

52 
 

67 
 

18 
 

38 
 

45 
 

52 
 

59 
 

73 
 

20 
 

42 
 

50 
 

53 
 

65 
 

81 
 

22 
 

46 
 

55 
 

64 
 

72 
 

89 
 

24 
 

51 
 

59 
 

64 
 

78 
 

97 
 

26 
 

55 
 

64 
 

75 
 

85 
 

105 
 

28 
 

59 
 

69 
 

81 
 

91 
 

113 
 

30 
 

68 
 

74 
 

87 
 

98 
 

121 

 
4.        TESTING AND CERTIFICATION 
 
(a) Testing shall be done by the Contractor and witnessed by the Engineer or his 

representative.  All manholes and structures shall be tested as finished and 
completed for final acceptance. 

 
(b) ANY DEFECTIVE WORK OR MATERIALS shall be corrected or replaced by the 

Contractor and retested.  This shall be repeated until all work and materials are 
acceptable. 

 
5.        MEASUREMENT AND PAYMENT 
 

No direct payment will be made to the Contractor for work, equipment, labor, 
materials, etc. required in providing vacuum testing for manholes.  Such items shall 
be considered subsidiary to pay items applicable for Standard Sanitary Sewer 
Manholes and Structures complete and in place. 
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 SECTION 02722 
 
 GRAVITY SANITARY SEWERS 
 
 
PART 1 - GENERAL 
 
1.1 Scope 
 
 A. These specifications cover the requirements for labor, equipment, and 

material necessary to furnish materials, excavate, lay or place, shore, 
dewater, backfill, and perform other operations necessary for the installation 
of all gravity sanitary sewers of the various dimensions. 

 
 B. The material to be installed shall be unplasticized polyvinyl chloride (PVC) 

gravity sewer pipe and fittings for use in the conveyance of municipal 
wastewater and sludge. 

 
 C. The Contractor shall take all necessary precautionary measures to insure the 

proper protection and repair of all existing water, sewer and gas pipes, and 
telephone and electric conduits, etc., the removal of all trees, roots, and 
anything which may be encountered in making the excavations to the lines 
and grades shown on the drawings and as staked by the Engineer. 

 
 D. However, the Contractor shall locate and protect all underground utilities. 
 
 E. Where any information pertaining to the character of the subsurface 

formations to be encountered in the excavation work is needed by the 
Contractor, he shall make borings at his own expense, and it is expressly 
understood that the Owner does not assume any responsibility for any 
subsurface formations to be encountered along the trenching or other 
excavations. 

  
1.2 Related Work 
 
 Refer to the following sections of these specifications for related work: 
 
 A. Section 02226, “Trench Excavation and Backfill”. 
 
 B. Section 02229, “Trench Safety for Excavations”. 
 
 C. Section 02260, “Site Grading” 
 
 D. Section 02485, “Seeding” 
 
 E. Section 2720, “Vacuum Testing of Sanitary Sewer Manhole and Structures” 



 

 Job No. 7778 
 02722 - 2 

 
 F. Section 02738, “Manholes” 
 

G. Section 02760, “Sanitary Sewer Service Connections” 
 

H. Construction Details, “Typical Sewer Tap (Single Service)” and “Double  
Service” 
 

 
 

 
1.3 Applicable Standards 
 
 The latest revision of the following ASTM standard specifications form a part of 

these specifications for determining the material and installation requirements of 
gravity sanitary sewers: 

 
 C 828 “Practice for Low-Pressure Air Test of Vitrified Clay Pipe Lines” 
 
 D 1785  “Poly (Vinyl Chloride) (PVC) Plastic Pipe, Schedule 40, 80, 120” 
 
 D 2321 “Standard Practice for Underground Installation of thermoplastic Pipe 

for Sewers and Other Gravity-Flow Applications” 
 
 D 2665 “Poly (Vinyl Chloride) (PVC) Plastic Drain, Waste, and Vent Pipe and 

Fittings” 
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 D 3034 “Type PSM Poly (Vinyl Chloride) (PVC) Sewer Pipe and Fittings” 
 
 D 3212 “Joints for Drain and Sewer Plastic Pipes Using Flexible Elastomeric 

Seals” 
 
 F 477  “Elastomeric Seals (Gaskets) for Joining Plastic Pipe” 
 
 F 679  “Standard Specifications for Poly(Vinyl Chloride) (PVC) 

Large-Diameter Plastic Gravity Sewer Pipe and Fittings” 
 
 F 789  “Standard Specifications for Type PS-46 Poly(Vinyl Chloride) (PVC) 

Plastic Gravity Flow sewer Pipe and Fittings” 
 
1.4 Submittals 
 
 A. Shop Drawings: 
 
  1. Submit detailed submittal data including installation details, bill of 

materials, and instructions for installation for all gravity sanitary sewer 
and accessories.  

 
  2. Refer to Section 01300, “Submittals” for other requirements. 
 
1.5 Guarantee 
 
 A. The Contractor shall guarantee the pipe line against leaks and breaks due to 

defective materials or workmanship for a period of one (1) year from the date 
of completion and acceptance by the Owner.  Damage or leaks due to acts 
of God or from sabotage and/or vandalism occurring after the pipe line has 
been accepted and placed in operation are specifically excepted from this 
guarantee. 

 
 B. When defective material and/or workmanship are discovered, requiring 

repairs to be made under this guarantee, all such repair work shall be 
completed by the Contractor at the Contractor's expense within five (5) days 
after written notice of the required work by the Owner.  Should the Contractor 
fail to perform the required work under the guarantee conditions, the Owner 
may make the necessary repairs and charge the Contractor with the actual 
cost of labor and material required.  In emergencies demanding immediate 
attention, the Owner shall have the right to repair the same and charge the 
Contractor with the actual cost of all labor and material required. 

 
 C. The Contractor will be responsible for damages caused by, and the 

replacement of failed, unspecified, or unapproved materials. 
 
1.6 Measurement and Payment 
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 Measurement and Payment for “Gravity Sanitary Sewers” shall be in accordance 
with Section 00105, “Proposal”. 

 
PART 2 - PRODUCTS 
 
2.1 Pipe 
 
 A. Pipes 6" and larger diameter shall be unplasticized polyvinyl chloride (PVC) 

plastic gravity sewer pipe made from clean, virgin, approved PVC 
compound. 

 
 B. Any pipe designated as sewer main shall be PVC conforming to ASTM 

Specification D 3034, having an SDR rating of 26 minimum.  When SDR 
other than 26 is required, it shall be indicated on the drawings.  It shall be a 
product manufactured and sold specifically for municipal sanitary sewer 
service. 

 
 C. Service line and lines smaller than 4" shall be Schedule 40 PVC conforming 

to ASTM Specification D 2665.  It shall be a product manufactured and sold 
specifically for use as a Drain, Waste, or Vent (DWV) pipe.  

 
 D. The ratio of outside diameter to pipe wall thickness for sewer main pipe shall 

not be less than required under ASTM D 3034, ASTM F 679, or ASTM F 
789.  The ratio of outside diameter to pipe wall thickness for service lines 
shall not be less than required under ASTM D 1785 and ASTM D 2665 for 
schedule 40 PVC. 

  
 E. Joints for PVC pipe and fittings shall be compression rubber gasket joints 

conforming to the material and performance requirements of ASTM D 3212 
and ASTM F 477.  Pipe bells shall be integral with the wall sections.  Joints 
shall be sealed with rubber rings. 

 
2.2 Fittings and Accessories 
 
 A. Standard fittings and accessories required shall be manufactured and 

furnished by the pipe supplier.  They shall conform to the material and 
performance requirements of the pipe, and shall have joint configurations 
identical to that of the pipe. 

 
 B. Couplings used for service re-connections shall be as follows: 
 
  1. Coupling shall be capable of adapting from a main line PVC WYE to a 

Schedule 40 PVC Service Line as shown on the drawing at the end of 
this section.  Couplings shall conform to ASTM Specification D 2665.  
It shall be a product manufactured and sold specifically for use with 
Drain, Waste, or Vent (DWV) pipe.  
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  2. Coupling shall be capable of adapting from a 4" Schedule 40 PVC 
Service Line to a 4" Vitrified Clay Pipe. 

 
PART 3 - EXECUTION 
 
3.1 Flow Maintenance 
 
 It shall be the Contractor's responsibility to maintain the flow of sewage either 

through the existing sewer or drain to which the new sewer or drain will connect or 
by diversion pumping required by the Engineer.  Cost of flow diversion shall be 
subsidiary to the construction of the gravity sanitary sewer. 

 
3.2 Inspection and Storage of Materials 
 
 A. Pipes and fittings shall be subject to inspection and rejection on account of 

any visible cracks, thin spots, evidences of shipping damage or other 
damage. 

 
 B. All rejected pipe shall be removed from the job site and replaced by the 

Contractor with pipe which meets the requirement of the specifications. 
 
 C. Sewer pipe and other materials delivered to the job site in advance of their 

use shall be stored in a manner satisfactory to the Engineer. 
 
 D. If sewer pipe is placed along side the line of construction, it shall be done in 

such manner as to prevent any unnecessary inconvenience to the public or 
interfere with adjacent property, and after permission of the Engineer. 

 
3.3 Alignment 
 
 A. The Contractor shall verify locations of all existing piping in the vicinity of the 

alignment of the new sewers prior to finalizing the alignment. 
 
 B. The Contractor shall bring to the attention of the Engineer of any conflict with 

existing piping not identified in the drawings. 
 
 C. While installing the new sewers the Contractor shall conform with the 

requirements of the Texas Natural Resource Conservation Commission Rule 
317.13. Appendix E - Separation Distances which is excerpted at the end of 
this Section of the Specifications for reference. 

 
3.4 Excavation and Backfill 
 
 A. Excavation and backfill shall conform to the requirements of Section 02226, 

“Trench Excavation and Backfill,” and as further required herein and/or 
detailed on the drawings. 
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 B. The Contractor shall make such provisions for dewatering excavations as are 
necessary to complete the construction required in a safe and workmanlike 
manner, allowing for adequate protection of adjacent properties and 
inspection of the construction.  The Contractor shall file with the Engineer his 
proposed method for dewatering. 

 
 C. Trench safety measures shall comply with the requirements of Section 

02229 – “Trench Safety”, as further required by the Occupational Safety 
and Health Administration and the laws of the State of Texas. 

 
 
 D. Trenches shall be kept free from water until the pipe has been satisfactorily 

laid. 
 
3.5 Installation 
 
 A. The construction of all sewer pipe lines shall begin at the lower or outlet end, 

or at the low point in the line.  When construction involves the building of the 
main sewer pipe lines having one or more laterals or tributary lines, the 
construction of the laterals or tributary lines shall not be started until the main 
sewer has been complete to the point where the lateral or tributary line 
connects with the main sewer line. 

 
 B. Sewer appurtenances shall be constructed as soon as the sewer which they 

serve is constructed to their locations.  The postponing of the construction of 
appurtenances until the sewer line has been completed, or the construction 
of appurtenances in advance of the construction of the sewer line, will not be 
permitted.  All connections to existing sewers shall be done in a manner 
acceptable to the Engineer. 

 
 C. The Contractor shall immediately remove any surface or seepage water or 

water from the sewer pipe lines, drains, trenches, ditches, or other surfaces 
which may accumulate during the progress of the work by providing the 
necessary ditches, temporary drain lines or by pumping, bailing, or any other 
means to attain the desired relief.  The Contractor shall have available at all 
times during the progress of the work, such pumps and other equipment as 
is necessary to do the work herein required.  All equipment must be 
maintained in good working condition during the process of completing the 
work. 

 
 D. The dead end of all sewers, wyes, tees, etc., shall be closed with approved 

stoppers cemented in place when shown on the drawings or required by the 
Engineer. 

 
 E. Tight fitting stoppers or bulkheads shall be securely placed in or across the 

end of all sewer lines when construction is stopped temporarily, or at the end 
of a day's work.  Such closures need not be water tight. 
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 F. Each pipe shall be laid to the line and grade given by the Engineer in such 

manner as to form a close concentric joint with the adjoining pipe and 
prevent sudden off-sets of the flow line.  Joints shall be made in the manner 
specified by the manufacturer. 

 
 G. The interior of the sewer shall, as the work progresses, be cleared of all dirt 

and superfluous materials of every description.  On small pipe sewers, where 
cleaning after laying may be difficult, a swab or drag shall be kept in the pipe 
line and pulled forward past each joint immediately after its completion. 

 
 H. TEE or WYE branches or junctions shall be installed at the places shown on 

plans or designated by the Engineer. 
 
 I. Joints shall be made in accordance with the requirements of the pipe 

specifications.  Where sewer line is within 10' of a City water system line, all 
sewer joints shall be of a pressure type equivalent to those used in water 
main construction.  When crossing a water line, a 20' joint of pipe (150 psi 
minimum) shall be centered on the water line. 

 
3.6 Inspection 
 
 A. The completed sanitary sewer system shall be cleaned of all excess mortar, 

joint sealant, and other debris prior to inspection. 
 
 B. The sewer line will be visually inspected by shining a light between manholes 

and/or by physical passage in accordance with the Engineer's instructions 
where space permits. 

 
 C. Any misaligned, displaced, or broken pipe and any signs of infiltration 

discovered by these inspection methods shall be corrected by the 
Contractor. 

 
3.7 Testing 
 
 In addition to visual inspection, the following tests shall be performed by the 

Contractor for the Owner or Owner's Representative, prior to acceptance of the 
sanitary sewer: 

 
 A. Air Test:  A low pressure air test shall be conducted on the gravity sewer line 

between two (2) consecutive manholes, according to ASTM C 828, and as 
modified below: 

 
  1. The test section of the sewer line shall be plugged at each end.  One 

of the plugs used at the manhole must be tapped and equipped for an 
air inlet connection for filling the line from a portable air compressor. 

 



 

 Job No. 7778 
 02722 - 8 

  2. All plugs shall be properly braced against the internal pressure to 
prevent air leakage by slippage and blowouts. 

 
  3. One end of an air hose shall be connected to the tapped plug 

selected for the air inlet, and the other end to a portable air control 
device arranged to control the air entry rate to the test section of the 
sewer and monitor the air pressure in the line.  The air control device 
shall include a shut-off valve, a pressure regulating valve, a pressure 
reduction valve, and a monitoring pressure gauge having a pressure 
range of 0 - 15 psi and an accuracy of plus or minus 0.04 psi. 

 
  4. Another air hose shall be connected between the air compressor and 

the air control device.  The compressor shall be started to supply air 
to the test section slowly, filling the pipe until a pressure of 
approximately 4.0 psig plus 0.433 psig for each foot of groundwater 
level that is present above the invert of the pipe is achieved.  The air 
pressure must be regulated to prevent the pressure inside the pipe 
from exceeding 15.0 psig. 

 
  5. The pressure shall be allowed to stabilize to a pressure greater than 

the 3.5 psig starting pressure (adjusted above the groundwater 
pressure mentioned above) during a stabilization period of 5 minutes. 
 If leakage is detected at any cap or plug, release the pressure in the 
test section and secure the leak, then start the test again by supplying 
air.  When it is necessary to bleed off air to tighten or repair a faulty 
plug, a new 5 minute interval must be allowed for stabilization of 
pressure after the pipe has been refilled. 

 
  6. After the stabilization period, the air pressure shall be reduced to 3.5 

psig plus adjustment for the ground water pressure at the invert of the 
sewer before starting the test.  The air release valve shall be shutoff 
and timing with a stop watch shall be started.  The time for the gage 
pressure to reach 2.5 psig above groundwater pressure adjustment 
shall be noted ending the timing exercise.  The time required for the 
pressure to drop from 3.5 to 2.5 psig will be recorded in seconds.  

 
  7. If the time (in seconds) for the air pressure to drop 1.0 psig is greater 

than that calculated from the Equation given below, the pipe section 
tested shall have passed.  On the contrary, if this time is less than the 
calculated time for the designated pipe size, the section of pipe tested 
shall not have passed. 

 
Pipe Diameter Min Time Length for Min Time Time for Longer Lengths 
(inches)  (seconds)  (feet)    (seconds) 
 
6   340   398    0.855 (L) 
8   454   298    1.520 (L) 
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10   567   239    2.374 (L) 
12   680   199    3.419 (L) 
15   850   159    5.342 (L) 
18   1020   133    7.693 (L) 
21   1190   114    10.471 (L) 
24   1360   100    13.676 (L) 
27   1530   88    17.309 (L) 
30   1700   80    21.369 (L) 
33   1870   72    25.856 (L) 
 
   
 
 
 Where, 
 
   T = Time for pressure to drop 1.0 pound per square inch 

gauge in seconds, 
 
   K = 0.000419 * D * L, or = 1.0, whichever is greater, 
 
   D = Average inside diameter of pipe, in inches, 
 
   L = Length of sewer line of same pipe size being tested, in 

feet 
 
   Q = Rate of air loss 
    = 0.0015 cubic feet per minute per square foot internal 

surface area. 
 
  8. Should any section of line fail to pass the air test, the Contractor shall, 

at his own expense, locate and repair all defects and retest the pipe 
section until satisfactory results are obtained. 

 
 B. Deflection Testing:  The Contractor shall perform deflection tests on the 

completed gravity sanitary sewer system.  The test shall be conducted after 
the final backfill has been in place at least 30 days.  The Contractor shall 
notify the engineer a minimum of 48 hours before performing the required 
test.  All material, labor and equipment required to complete the test must be 
provided by the Contractor.  The test shall be performed as follows: 

 
  1. The test shall be accomplished using a mandrel having a diameter 

equal to 95 percent of the inside diameter of the pipe. 
 
  2. The mandrel shall be pulled through the pipe without the use of a 

mechanical device. 
 
 

T = (0.085 * D * K) / Q 
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 *** END OF SECTION *** 
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 Texas Natural Resource Conservation Commission 
 
 Design Criteria for Sewerage Systems 
 
§317.13. Appendix E - Separation Distances.  The following rules apply to separation 
distances between potable water and wastewater treatment plants, and waterlines and 
sanitary sewers. 
 
(a) Water line/new sewer line separation.  When new sanitary sewers are installed, they 

shall be installed no closer to waterlines than nine feet in all directions.  Sewers that 
parallel waterlines must be installed in separate trenches.  Where the nine foot 
separation distance cannot be achieved, the following guidelines will apply: 

 
 (1) Where a sanitary sewer parallels a waterline, the sewer shall be constructed 

of cast iron, ductile iron or PVC meeting ASTM specifications with a pressure 
rating for both the pipe and joints of 150 psi.  The vertical separation shall be 
a minimum of two feet between outside diameters and the horizontal 
separation shall be a minimum of four feet between outside diameters.  The 
sewer shall be located below the waterline. 

 
 (2) Where a sanitary sewer crosses a waterline and the sewer is constructed of 

cast iron, ductile iron or PVC with a minimum pressure rating of 150 psi, an 
absolute minimum distance of 6 inches between outside diameters shall be 
maintained.  In addition the sewer shall be located below the waterline where 
possible and one length of the sewer pipe must be centered on the waterline. 

 
 (3) Where a sewer crosses under a waterline and the sewer is constructed of 

ABS truss pipe, similar semi-rigid plastic composite pipe, clay pipe or 
concrete pipe with gasketed joints, a minimum two foot separation distance 
shall be maintained.  The initial backfill shall be cement stabilized sand (two 
or more bags of cement per cubic yard of sand) for all sections of sewer 
within nine feet of the waterline.  This initial backfill shall be from one quarter 
diameter below the centerline of the pipe to one pipe diameter (but not less 
than 12 inches) above the top of the pipe. 

 
 (4) Where a sewer crosses over a waterline all portions of the sewer within nine 

feet of the waterline shall be constructed of cast iron, ductile iron, or PVC 
pipe with a pressure rating of at least 150 psi using appropriate adapters.  In 
lieu of this procedure the new conveyance may be encased in a joint of 150 
psi pressure class pipe at least 18 feet long and two nominal sizes larger 
than the new conveyance.  The space around the carrier pipe shall be 
supported at 5 feet intervals with spacers or be filled to the springline with 
washed sand.  The encasement pipe should be centered on the crossing 
and both ends sealed with cement grout or manufactured seal. 

 
 (b) Water line/manhole separation.  Unless sanitary sewer manholes and the 

connecting sewer can be made watertight and tested for no leakage, they 
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must be installed so as to provide a minimum of nine feet of horizontal 
clearance from and existing or proposed waterline.  Where the nine foot 
separation distance cannot be achieved, a carrier pipe as described in 
subsection (a) (4) of this section may be used where appropriate. 
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 SECTION 02738 
 
 FIBERGLASS MANHOLES 
 
 
PART 1 - GENERAL 
 
1.1 Scope 
 
 A. This specification shall govern all work necessary for construction of 

manholes composed of fiberglass reinforced plastic walls. 
 
1.2 Related Work: 
 
 Refer to the following sections of these specifications for related work: 
 

A. Section 02739, “Manhole Rings and Covers” 
 
B. Section 02720,“Vacuum Testing of Sanitary Sewer Manhole and Structures” 

  
 C. Section 03250, “Reinforced Concrete Construction”. 

 
 

 
 
1.3 Measurement & Payment: 
 
 A. Measurement and Payment shall be in accordance with Section “00105, 

“Proposal”.   Depth of manholes shall be measured in feet from the flow line of 
the manhole to the top of the manhole cover.  Payment shall be for fiberglass 
manholes complete in place, including excavation, dewatering, concrete 
foundation, fiberglass manhole, backfill, ring and cover, concrete collars and 
any appurtenance detailed in the Drawings and Specifications.  Drop 
connections on manholes shall be paid for separately. 

 
 
PART 2 – PRODUCTS: 
 
2.1 Description: 
 
 A. The fiberglass reinforced composite manhole shall be filament wound and 

constructed of isophthalic polyester resin, glass fiber reinforcement, and 
natural graded sand.  The manhole will be manufactured in two (2) pieces and 
factory joined to form a single, complete manhole.  The top manhole section 
shall consist of a concentric, dome shaped reducer; the reducer will have a 
twenty-two and one-half inch (22 ½”) interior diameter manway opening 
expanding to a forth-eight inch (48”) diameter base in a vertical distance of 
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eighteen inches (18”).  The reducer will have a four-inch (4”) vertical 
waterstop around the manway opening, and a five-inch (5”) horizontal collar 
for the construction of a masonry or concrete adjustment collar.  The bottom 
section shall consist of a forth-eight inch (48”) interior diameter pipe.  Sections 
shall be joined at the factory with resin and glass reinforcement and shall be 
watertight.  The minimum wall thickness shall be ½ inch. 

 
 B. The manhole shall be able to withstand a 16,000 pound vertical dynamic 

wheel load (H-20), lateral forces from earth loading, and ground water, 
without damage. 

 
 
2.2 Resin: 
 
 A. Resin for fiberglass manholes shall be unsaturated isophthalic polyester and 

shall meet, as a minimum, the following tests: 
 
 Property   Test Method   Requirement 
  
 Acid Number   ASTM D465-59  Maximum = 15  
 Hydroxyl Number      Maximum = 30  
 Solids Content  ASTM D1259-61  Maximum = 50%  
 Flexural Strength  ASTM D790-70  Minimum = 10 ksi  
 
The following requirements are determined when testing the resin without any reinforcing 
material included:  
 
 Flexural E-modulus  ASTM D790-70  Minimum = 400 ksi 
 Elongation at 
 Rupture   ASTM D790-70  Minimum = 2½%  
 
 Heat Distortion  
 Temperature   ASTM D648-61  Minimum = 167°F 
 
 Weight Change after  
 28 Days Storing in  
 Distilled Water  ASTM D570-63  Maximum = +150 mg 
         per sample  
 
 Surface Hardness  ASTM D2583-67  Minimum = 80% of 
 (Barcol)       Resin Normal  
  
Reinforcement shall be fiberglass mat, continuous roving, chopped roving and/or roving 
fabric.  Fiberglass shall be Type "E" and have a finish compatible with the resin used.  
Fillers shall not degrade the resin chemical resistant properties.  Additives, catalyst, and 
promoters may be added as required but shall not affect the strength or durability of the 
manhole.  
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2.3. Laminate: 
 
 A. (Cured composite including glass fiber reinforcement.)  Cured laminate will 

meet the following conditions:  
  
 Properties   Test Method   Requirement 
  
 Glass Content  
 (% by weight)   ASTM D2584-68  20 to 70% 
 
 Compressive 
 Strength   D695-69   Minimum = 12 ksi  
 
 Flexural Strength  D790-70   Minimum = 12 ksi 
 
 Flexural E-modulus  ASTM D790-70  Minimum = 700 ksi 
 
 Surface Hardness  ASTM D2583-67  Min. 80% of Resin's  
         Normal Value  
  
2.4. Concrete Base: 
 
 A. Concrete base (invert) shall be constructed of reinforced concrete in 

accordance with “Reinforced Concrete Construction” Specification Section 
03250. 

 
PART 3 – EXECUTION: 
 
3.1 Construction Methods: 
 
 A. All manhole work shall be completed and finished in a careful and 

workmanlike manner, special care being given to sealing the joints around all 
pipe that extend through the wall of the manhole.  The bottom of the manhole 
shall be completed by installing sufficient additional concrete to shape or form 
the bottom of the manhole to conform with the requirements as shown on the 
plans.   

 
3.2 Excavation: 
 
 A. The Contractor shall do all necessary excavation for the construction or 

installation of the various manholes.  Such excavations shall be of sufficient 
size as to permit the proper installation of the manhole base and wall forms, 
and allow room for the stripping of such forms.  Manufacturers 
recommendations for site preparation and working space shall be followed 
where fiberglass reinforced plastic manholes are to be installed in the sewer 
pipe trench. Care shall be taken to insure that the excavation is not carried to 
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a greater depth than required.  If necessary the walls of the excavated area 
shall be shored.  Shoring shall be braced in such a manner as to insure 
support of the walls and in addition permit the construction or installation of 
the manhole itself without necessitating the removal of any shoring until such 
time as the entire manhole is completed.  No shoring shall be left or backfilled 
around unless authorized by the Engineer.  Shoring shall remain in place for a 
minimum twenty-four (24) hours after concrete work has been completed.  

 
3.3 Backfilling: 
 
 A. The backfilling around the outside of manholes shall commence as soon as 

the concrete has been allowed to cure the required time and the forms and 
shoring have been removed.  Such backfill shall be placed in layers of not 
more than six inches (6") and shall be thoroughly tamped before the next 
layer is installed. Suitable material from the trench excavation may be used 
for backfilling around manholes.  Suitable material shall be free of rocks or 
clods of clay in excess of 4” in size.  It is anticipated that the backfilling shall 
be either hand or mechanically tamped.  Regardless of method used, care 
must be exercised to insure that the backfill is thoroughly compacted.  

 
3.4 Drop Manholes: 
 

A. Drop manholes shall consist of constructing a standard sanitary sewer 
manhole with standard drop connections as shown in the plans.  All materials 
used in the drop connection shall conform to the requirements of the pertinent 
specification.  

 
3.5   Quality of Articles, Materials, and Equipment: 
 

A.   Articles, materials, and equipment to be incorporated into the work under this 
contract shall be new and unused.  The Contractor shall be responsible for all 
material furnished by him.  All such material, which are either defective, or 
have been damaged in transit or after delivery, shall be replaced by the 
Contractor at his expense.  The Contractor shall be responsible for the safe 
storage of all material furnished to or by him and accepted by him until it has 
been incorporated in the completed project.  

 
 
 
 ******** END OF SECTION ******** 
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 SECTION 02739 
 
 MANHOLE RINGS AND COVERS 
 
PART 1 - GENERAL 
 
1.1 Scope 
 

This specification shall govern all work necessary to furnish and install manhole 
rings and covers. 
 

1.2 Related Work 
 
 Refer to the following sections of these specifications for related work: 
 
 A. Section 02738, “Fiberglass Manholes”. 
 
1.3 Measurement And Payment 
 
 A. If no item for “Manhole Rings and Covers” is provided for in Section 00105 

“Proposal”, no separate measurement and payment will be made for this 
work and the work shall be considered subsidiary to the project. 

 
PART 2 - PRODUCTS 
 
2.1 Castings 
 
 A. The castings for manhole rings and covers shall be as specified herein and 

as detailed on the plans.  They shall be grey-iron castings boldly filleted at 
angles and the joints of the angles shall be sharp and perfect.  The castings 
shall be true to pattern, form, and dimensions; free from cracks, sponginess, 
blow holes, or other pouring faults affecting their strength and value for the 
service intended.  Surface of the castings shall be free from sand and shall 
be reasonable smooth.  Runners, risers, fins and other cast-on pieces shall 
be removed from the surfaces.  Seating surfaces shall be machined. 

 
 B. All manhole rings and covers shall have a clear opening of no less than 

twenty-two and one-half inches (22 1/2”), a height of five inches (5”) and a 
minimum weight for ring and cover of two hundred ninety-eight (298) pounds. 
 The seating surface of the ring shall be machined to secure a snug fit. 

 
PART 3 - EXECUTION 
 
3.1 Construction Methods 
 
 A. Manhole rings and covers shall be carefully placed, as detailed on the plans, 

to lines and grades shown on the plans or as altered by the Engineer. 
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 ******** END OF SECTION ******** 
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 SECTION 02740 
 
 SANITARY SEWER FORCE MAIN  
 
 
PART 1 - GENERAL 
 
1.1 Scope 
 

A. This specification shall govern all work necessary to furnish and install 
sanitary sewer force mains. 

 
1.2 Related work 
 
 Refer to the following sections of these specifications for related work: 
 

A. Section 02670, "Hydrostatic Tests for Force Main." 
  
 B. Section 02643, “Polyethylene Sleeve.” 
 
 C.  Section 2720, “Vacuum Testing of Sanitary Sewer Manhole and Structures” 
 
 D.  Section 15202, “Process Valves and Operators” 
 
1.3 Measurement and Payment 
 
 Measurement and payment for sanitary sewer force main shall be in accordance 

with Section 00105, “Proposal.” 
 
 
PART 2 - PRODUCTS 
 
2.1 Buried Pipe 
 

A. PVC pipe shall be 160 psi with SDR of 26, unless otherwise specified, 
meeting the requirements of ASTM 2241 with synthetic rubber gaskets 
conforming to ASTM F-477. 

B. Pipe shall be joined using integral ball and spigot.  The ball shall consist of an 
integral wall section with a synthetic rubber gasket ring that meets the 
requirements of the latest revision of ASTM F-477, "Elastomeric Seals 
(Gaskets) for Joining Plastic Pipe."  The bell section shall be designed to be 
at least as strong as the pipe wall.  Natural rubber rings will not be allowed. 

C. Pipe shall have a standard laying length of twenty (20) feet for all sizes.  At 
least ninety percent (90%) of the total footage of pipe of any class and size 
shall be furnished in standard lengths.  The remaining ten percent (10%) 
may be furnished in random lengths.  Random lengths will not be less than 
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ten (10') long. 

 
2.2 Exposed Pipe 
 

A. Ductile iron pipe shall meet the requirements of AWWA C151 or C115, with 
mechanical restrained or flanged joints.  Flanged pipe shall be Class 53. 

 
2.3 Fittings 
 

A. Fittings larger than 3" shall be ductile iron, mechanical joint or flanged (if 
exposed), with a minimum working pressure of 250 psi and meeting 
applicable requirements of AWWA C110, C111 or C115, latest revisions.  
Compact fittings meeting AWWA C153 are allowed.  Fittings should be 
provided with transition gaskets when required. 

 
B. Fittings shall have an asphaltic coating inside and out, meeting the 

requirements of AWWA, C153, C110 and C104, latest revisions. 
 
2.4 Accessories 
 

A. Ductile iron pipe and fittings shall be encased with polyethylene sleeve in 
accordance with Section 02643, "Polyethylene Sleeve." 

 
PART 3- EXECUTION 
 
3.1 Installation of PVC Pipe 
 

A. PVC pipe shall be installed in accordance with the Uni-Bell Plastic Pipe 
Association guide for installation of PVC pressure pipe. 

 
3.2. Installation of Ductile Iron Pipe 
 

A. Ductile iron pipe shall be installed in accordance with the Ductile Iron Pipe 
Research Association Installation Guide and AWWA C-600. 

 
3.3 General Requirements 
 

A. All work shall be done in a workmanlike manner, in accordance with 
drawings and specifications. 

 
B. Prior to construction, the Contractor shall submit, for approval, certificates 

of inspection in duplicate to the Engineer from the pipe and fittings 
manufacturer(s) that materials supplied have been inspected at the plant 
and meet the requirements of this specification. 

 
C. It shall be the responsibility of the Contractor to keep on hand extra fittings 
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and pipe, as he may deem necessary to make adjustments due to 
unknown obstructions, or to replace defective materials without delay to 
the project.  When defective materials are discovered, they shall be 
immediately marked and removed from job site. 

 
D. All pipe and fittings shall be clearly marked with trademark of 

manufacturer, batch number, location of plant, ASTM/ANSI/AWWA 
designation, size, pressure rating, class/SDR, and pressure rating. 

 
E. Green sewer marking tape, minimum 2” wide, shall be continuously 

applied along the top of the force main.  The tape shall be labeled 
“Pressure Sewer Line.” 

 
3.3 Materials 
 

A. Concrete:  Concrete shall have a minimum compressive strength of 2000 
psi. 

 
B. Bedding Sand for Encasement:  Sand shall be granular soil of low 

plasticity such that 100% pass a #4 sieve and no more than 10% pass a 
#200 sieve and the PI shall not exceed 10.  Soils with a Unified 
Classification of SW and SP, or ASSHTO Classification of A3 and some 
A2, soil shall be required. 

 
3.4 Construction Methods 
 

A. Handling and Storage of Materials:  
 

1. General: The Contractor shall be responsible for the safe 
storage of all material furnished to or by him and accepted by him 
until it has been incorporated in the completed project. 

All material found during the progress of the work to have cracks, 
flaws or other defects will be rejected, and the Contractor shall 
remove such defective material from the site of the work. 

2.  Unloading and Distribution of Materials at Work Site:  Pipe and 
other materials shall be unloaded at point of delivery, hauled to, 
and distributed at the job site by the Contractor.  Materials shall at 
all times be handled with care and in accordance with 
manufacturer’s recommendations.  Care shall be taken not to 
scratch PVC pipe.  Excessive scratching shall be considered cause 
for rejection of PVC pipe.  Materials may be unloaded opposite or 
near the place where it is to be installed provided that it is to be 
incorporated into the work within ten days.  The Contractor shall not 
distribute material in such a manner as to cause undue 
inconvenience to the public. 
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3. Storing Materials:  Materials that are not to be incorporated into the 
work within 10 days shall be stored on platforms.  The interior of 
pipes and accessories shall be kept free from dirt and foreign 
matter. 

B. Installation 

1. Alignment and Grade:  All pipes shall be laid and maintained to the 
required line and grade. 

Temporary support and adequate protection of all underground and 
surface utility structures encountered in the progress of the work 
shall be furnished by the Contractor. 

Where the grade or alignment of the pipe is obstructed by existing 
utility structures such as conduits, ducts, pipes, connections to 
sewers or drains, the obstruction shall be permanently supported, 
relocated, removed, or reconstructed by the Contractor at the 
Contractor’s expense, in cooperation with the owners of such utility 
structures. 

Force Mains shall be laid with no less than 36 inch cover, unless 
indicated otherwise in the drawings.  Greater depths will be 
permitted when required to avoid conflicts with existing structures. 

Lines shall be laid to grade which permit entrapped air to flow to a 
high point for release through an air release valve as shown on the 
drawings.  The Contractor shall investigate well in advance of pipe 
laying for conflicts which may necessitate the readjustment of 
planned line and grade. 

2. Trench Excavation and Backfill:  See Standard Specification 
Section 02226 “Trench Excavation and Backfill” and drawings. 

3. Force Main Connection to Existing Manhole:  Where new force 
main is connected to existing manhole, the manhole shall be 
prepared to receive the proposed force main and restored after 
connection.  Manhole inverts shall be repaved as necessary to 
provide a smooth flowing system. 

4. Polyethylene Encasement:  All metallic pipe, valves and fittings, 
except those which occur in encasement pipe or in concrete valve 
boxes, shall be wrapped in polyethylene.  See Standard 
Specification Section 02643 “Polyethylene Sleeve.” 

5. Sand Encasement:  Sand shall be granular soil of low plasticity 
such that 100% pass a #4 sieve and no more than 10% pass a 
#200 sieve and the PI shall not exceed 10.  Soils with a Unified 
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Classification of SW and SP, or AASHTO Classification of A3 and 
some A2 soil shall be required. 

6. Pre-Placement Inspection:  Prior to lowering into trench, all pipe 
and accessories shall be inspected for defects.  All foreign matter 
or dirt shall be removed from the interior of pipe, prior to lowering 
into trench.  Pipe shall be kept clean at all times during the laying. 

7. Jointing Pipe and Fittings:  All pipes and fittings shall be made up in 
accordance with manufacturer’s recommendation.  Pipe deflection 
shall not exceed 75% of the maximum amount recommended by 
the manufacturer. 

8. Concrete Thrust Blocks:  Thrust backing shall be applied at all 
bends, tees, incomplete crosses and blow-offs, except at restrained 
fittings.  The size and shape of the thrust blocking shall be as 
shown on the plans.  Materials for the backings shall be minimum 
2,000 psi concrete and shall be placed between solid ground and 
the fittings to be anchored.  The sizes of thrust blocking is indicated 
on the drawings. 

The backing shall be placed so that the pipe and fitting joints will be 
accessible for repair. 

Temporary thrust blocks or other means of carrying thrust loads 
generated by hydrostatic testing shall be provided at all ends of 
lines to be tested.  Details of the end connections and method of 
temporary blocking shall be submitted to the Engineer for approval. 
 After satisfactory completion of the hydrostatic test, this temporary 
blocking shall be removed so that connections may be made with 
existing lines.  This work is subsidiary and no separate payment will 
be made for it. 

9. Restrained Joints and Fittings:  Metal harness, tie rods and clamps 
or restrained fittings shall be used to prevent movement when soil 
conditions will not withstand thrust blocking.  Steel rods and clamps 
shall be stainless steel. 

 

******** END OF SECTION ******** 
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 SECTION 02760 
 
 SANITARY SERVICE LINES 
1. SCOPE 
 
This specification governs all work and materials necessary to construct the Sanitary 
Service Lines required to complete the project.   
 
2. MATERIALS 
 
Pipe and fittings for sanitary service lines shall be PVC in accordance with ASTM D2665 
and ASTM D3311 with a minimum size of 4 inches.  Solvent cement for PVC shall comply 
with ASTM D2564.  No co-mingling of different materials except through the use of proper 
adapters.  Adaptors shall have a stainless steel or fiberglass shear ring.   
 
3. CONSTRUCTION METHODS 
 
Where possible, service tees or wyes shall be placed along the main as required for 
services (no taps). 
 
The minimum size pipe for services shall be 4” diameter for residential, and 6” for 
commercial and double connections.  Minimum slopes for 4” and 6” pipes shall be 1/8 
(S=1.0%) and 1/16 (S=0.5%) inches per foot respectively.  Sanitary sewer service lines 
shall cross under water mains where possible. 
 
The Contractor shall be responsible for establishing alignment and maintaining grade for 
the proposed service. 
 
Trenches shall be excavated in such a manner that will minimize damage to surface 
vegetation.  After installation, the excavated material shall be tamped into the trench and 
the surface restored to a condition acceptable to the Engineer.  Lines shall be bored, jetted, 
or jacked under sidewalks, driveways, and other such improved surfaces; unless 
authorized by the Engineer. 
 
4. MEASUREMENT AND PAYMENT 
 
Sanitary Service Lines shall be measured as indicated in the “Proposal”.  Payment shall 
include all labor, materials, equipment, trench safety and incidentals necessary for Sanitary 
Service Lines required to complete the project. 
 
 ******** END OF SECTION ******** 
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 SECTION 03250 
 
 REINFORCED CONCRETE CONSTRUCTION 
 
 
PART 1 - GENERAL 
 
1.1 Scope 
 
 A. This section includes materials, mixing, proportioning, transporting, sampling, 

testing, placing, finishing and curing of all plain and reinforced cast-in-place, 
normal-weight concrete. 

 
 B. All structures shall be constructed in accordance with the details shown on 

the drawings. 
 
1.2 Quality Assurance 
 
 A. Materials and work shall conform to the requirements of standards, codes 

and recommended practices required in this section. 
 
 B. The following standards and codes shall apply: 
 
  ASTM A 185  “Standard Specification for Welded Steel Wire Fabric for 

Concrete Reinforcement” 
 
  ASTM A 615  “Standard Specification for Deformed and Plain Billet-

Steel Concrete Reinforcement” 
 
  ASTM C 31  “Standard Method of Making and Curing Concrete Test 

Specimens in the Field” 
 
  ASTM C 33  “Standard Specification for Concrete Aggregates” 
 
  ASTM C 39  “Test Method for Compressive Strength of Concrete 

Specimens” 
 
  ASTM C 94  “Standard Specification for Ready-Mixed Concrete” 
 
  ASTM C 138  “Standard Test Method for Unit Weight, Yield, and Air 

Content (Gravimetric) of Concrete” 
 
  ASTM C 143  “Standard Test Method for Slump of Portland Cement 

Concrete” 
 
  ASTM C 150  “Standard Specification for Portland Cement” 
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  ASTM C 156  “Standard Test Method for Water Retention by 
Concrete Curing Materials” 

 
  ASTM C 171  “Standard Specification for Curing Concrete” 
 
  ASTM C 172  “Standard Method for Sampling Fresh Concrete” 
 
  ASTM C 231  “Standard Test Method for Air Content of Freshly Mixed 

Concrete by the Pressure Method” 
  ASTM C 260  “Standard Specifications for Air-Entraining Admixtures 

for Concrete” 
 
  ASTM C 304  “Recommended Practice for Measuring, Mixing, 

Transporting and Placing Concrete” 
 
  ASTM C 305R “Report on Hot Weather Concreting” 
 
  ASTM C 306R “Report on Cold Weather Concreting” 
 
  ASTM C 309  “Standard Specification for Liquid Membrane-Forming 

Compounds for Curing Concrete” 
 
  ASTM C 494  “Standard Specifications for Chemical Admixtures for 

Concrete” 
 
  ASTM C 920  “Specification for Elastomeric Joint Sealants” 
 
  ASTM D 1751 “Specification for Preformed Expansion Joint Fillers for 

Concrete Paving and Structural Construction, (Non-
extruding and Resilient Bituminous Types)” 

 
  ASTM D 1752 “Specification for Preformed Sponge Rubber and Cork 

Expansion Joint Fillers for Concrete Paving and 
Structural Construction” 

 
  ASTM E 329  “Standard Recommended Practice for Inspection and 

Testing Agencies for Concrete, Steel, and Bituminous 
Materials Used in Construction” 

 
  ACI 211.1  “Recommended Practice for Selecting Proportions for 

Normal, Heavyweight and Mass Concrete” 
 
  ACI 214  “Recommended Practice for Evaluation of Strength Test 

Results of Concrete” 
 
  ACI 301  “Specifications for Structural Concrete in Buildings” 
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  ACI 315  “Manual of Standard Practice for Detailing Reinforced 
Concrete Structures” 

 
  ACI 318  “Building Code Requirement for Reinforced Concrete” 
 
  ACI 347  “Recommended Practice for Concrete Formwork” 
 
  CRSI   Concrete Reinforcing Steel Institute “Manual of 

Standard Practice for Reinforcing Concrete 
Construction” 

 
  NRCA   National Ready-Mixed Concrete Association “Checklist 

for Certification of Ready-Mixed Concrete Production 
Facilities” 

 
1.3 Testing and Inspection 
 
 A. Materials and operations will be tested and inspected as the work 

progresses.  All parties will make every effort to discover defective work at 
the earliest possible time for their mutual convenience.  Late discovery of a 
defect or defects will not obligate the Owner to accept them.  Testing 
agencies and the facility or facilities used shall currently meet the 
requirements of ASTM E 329. 

 
 B. The following services shall be performed by the designated testing agency 

and paid for by the Owner as detailed in the special conditions: 
 
  1. Secure composite samples in accordance with ASTM C 172. 
 
  2. Mold and cure three (3) specimens in accordance with ASTM C 31 

from each strength test required. 
 
  3. Test specimens in accordance with ASTM C 39, one (1) at seven (7) 

days and two (2) at twenty-eight (28) days. 
 
  4. Make one strength test for each 50 cubic yards or fraction thereof, of 

each mix design of concrete placed in any one day. 
 
  5. Determine slump of concrete sample for each strength test in 

accordance with ASTM C 143. 
 
  6. Determine total air content for each strength test in accordance with 

ASTM C 231. 
 
  7. Determine temperature, unit weight, yield and air content, (ASTM C 

138), for each strength test. 
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 C. The Engineer may vary the quantity of tests noted in sub-paragraph B above 
to meet his requirements for the particular job. 

 
 D. The Contractor shall provide and pay for the following testing services to be 

performed by a testing agency acceptable to the Owner: 
 
  1. When requested, qualification of proposed materials and the 

establishment of mix designs in accordance with the referenced 
standards and codes. 

 
  2. Testing services needed or required by him.  To facilitate testing and 

inspection, the Contractor shall furnish: 
 
   a. Labor to assist testing agency personnel in obtaining and 

handling samples at the jobsite. 
 
   b. Notification to the testing agency in advance of operations to 

allow for assignment of testing personnel and scheduling of 
testing work. 

 
   c. Adequate facilities for proper curing of concrete test specimens 

on the project site in accordance with ASTM C 31. 
 
1.4 Evaluation and Acceptance 
 
 The strength level of the concrete will be satisfactory if the averages of all sets of 

three (3) consecutive strength test results equal or exceed specified strength, and 
not more than one (1) test result in one hundred (100) is below specified strength by 
more than five hundred (500) pounds per square inch (psi).  The Engineer has the 
right to reject any concrete work not conforming to required lines, details, 
dimensions, tolerances, strengths, or other requirements of the drawings and 
specifications.  Rejected concrete work shall be demolished, removed, disposed of, 
and replaced, by methods approved by the Engineer. 

 
1.5 Submittals 
 
 The Contractor shall submit to the Engineer the following: 
 
 A. Proposed concrete mix design. 
 
 B. When requested, samples of materials proposed including names, sources 

and descriptive material. 
 
 C. Certification as to compliance with referenced standards and codes, as 

required by the Engineer. 
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1.6 Measurement and Payment 
 
 If no item for “Reinforced Concrete Construction” is provided for in Section 00105, 

“Proposal,” no separate measurement and payment will be made for this work, and 
the work shall be considered subsidiary to the project. 

 
PART 2 - PRODUCTS 
 
2.1 Materials 
 
 A. Portland Cement: 
 
  1. Type I conforming to ASTM C 150. 
 
  2. Cement shall correspond to that upon which the selection of concrete 

proportions was based. 
 
  3. Only one brand and manufacturer of approved cement shall be used 

for exposed concrete. 
 
  4. Type III cement shall be used only with prior written approval from the 

Engineer. 
 
 B. Aggregates: 
 
  1. Conforming to ASTM C 33. 
 
  2. Local aggregates not complying with this standard may be used 

providing it can be shown by special test or a record of past 
performance these aggregates produce concrete of adequate 
strength and durability. 

 
  3. Fine aggregate shall be clean, sharp, natural sand, free from loam, 

clay lumps, organic material or deleterious substances, within 
allowable standards. 

 
  4. Coarse aggregate shall be clean, uncoated, graded aggregate 

containing no clay, mud, loam, organic material or foreign matter. 
 
 C. Water shall be clean, of potable quality, and with a maximum TDS of 1,500 

mg/L. 
 
 D. Concrete Admixtures: 
 
  1. Provide admixtures produced and serviced by established, reputable 

manufacturer, and used in compliance with manufacturers 
recommendations. 
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  2. Air-entraining admixtures shall conform to ASTM C 260, MB-AE 10, 

or MB-VR as manufactured by Master Builders, or equal. 
 
  3. Water-reducing, set-controlling admixture shall conform to ASTM C 

494, Type A (water reducing), Type B, (retarding), Type C 
(accelerating), Type D (water-reducing and retarding), Type E (water-
reducing and accelerating).  Type F admixture usage in high slump 
concrete requires prior written approval by Engineer.  No calcium 
chloride additives are permitted. 

 
 E. Reinforcement: 
 
  1. Reinforcement shall be provided in accordance with the working 

drawings. 
 
  2. Reinforcing steel, unless otherwise stated, shall be Grade 60, 

conforming to ASTM A 615. 
 
  3. “Fibermesh” Fiber Reinforcement shall be provided in a volume of 

0.1% (1.5 pounds) per cubic yard in concrete as shown on the 
drawings.  Use only “Fibermesh” 100% virgin polypropylene, fibrillated 
fibers. 

 
 F. Metal Accessories:  Metal accessories shall conform to the requirements of 

the Concrete Reinforcing Steel Institute (CRSI), “Manual of Standard 
Practice for Reinforced Concrete Construction.” 

 
 G. Expansion and Contraction Joints:   Unless otherwise shown or noted on the 

drawings expansion and contraction joints shall be completed utilizing the 
following materials: 

 
  1. Premolded joint filler material shall conform to ASTM D 1751. 
 
  2. Sealant shall be polyurethane conforming to ASTM C 920. 
 
  3. Backer rod shall be closed-cell polyolefin, round, provide air gap 

between backer rod and joint material. 
 
  4. Waterstop shall be placed as shown on the drawings. 
 
 H. Curing Materials:  Exceeding requirement of ASTM C 309, and shall be 

“Masterseal” as manufactured by Master Builders, or equal.  Material shall 
provide water retention not exceeding loss of 0.55 kg/m2 in 72 hours when 
tested in accordance with ASTM C 156. 
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2.2 Selection of Properties 
 
 A. General: 
 
  1. Concrete shall be composed of Portland cement, fine aggregate, 

coarse aggregate, water, Pozzolith admixture, and as specified, air-
entraining admixture.  Proportions of ingredients shall produce 
concrete that will work readily into corners and angles of forms, bond 
to reinforcement, without segregation or excessive bleed water 
forming on the surface.  Proportioning of materials shall be in 
accordance with ACI 211.1. 

 
  2. Proportions of ingredients shall be selected by past field experience 

or, in lieu of past performance, laboratory trial mixes to produce 
placeability, durability, specified strength and properties specified. 

 
 B. Required Average Strength Above Specified Strength:  Determinations of 

required average strength (fcr) shall be in accordance with ACI 318 and ACI 
301, and evaluations of compressive strength results of field concrete shall 
be in accordance with ACI 214. 

 
2.3 Concrete Qualities Required 
 
 A. Compressive Strength:  Specified Compressive (f'c) Strength at 28 days shall 

be 4,000 psi or greater, unless noted otherwise on the drawings. 
 
 B. Slump: 
 
  1. Consolidation by vibration, not to exceed 4 in. 
 
  2. Consolidation by other methods, not to exceed 5 in. 
 
  3. Slump shall be determined by ASTM C 143. 
 
 C. Aggregate Size:  Maximum size of coarse aggregate shall not exceed: 
 
  1. One-fifth narrowest dimension between forms 
 
  2. Three-fourths minimum clear spacing between reinforcing bars 
 
  3. One-third the thickness of slabs 
 
 D. Control of Set:  Concrete shall be adjusted to produce the required rate of 

hardening for varied climatic and jobsite conditions. 
 
  1. Under 50°F (10°C) ambient temperature - Accelerate (Type C or Type 

E admixture). 
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  2. Over 80°F (27°C) ambient temperature - Retard (Type B or D 

admixture ASTM C 494). 
 
  3. Between 50°F (10°C) and 80°F (27°C) - Normal Rate of Hardening 

(Type A admixture - ASTM C 494). 
 
PART 3 – EXECUTION 
 
3.1 Quality of Articles, Materials, and Equipment: 
 

A. Articles, materials, and equipment to be incorporated into the work under this 
contract shall be new and unused.  The Contractor shall be responsible for 
all material furnished by him.  All such material, which are either defective, or 
have been damaged in transit or after delivery, shall be replaced by the 
Contractor at his expense.  The Contractor shall be responsible for the safe 
storage of all material furnished to or by him and accepted by him until it has 
been incorporated in the completed project.  

 
3.2 Formwork 
 
 A. Forms used to confine and shape concrete to required dimensions shall 

have sufficient strength to withstand forces from placement, vibration, and 
sufficient rigidity to maintain specified tolerances.  Form material or lining 
shall be adequate to give the surface finish noted on the drawings. 

 
 B. Design, engineering and construction of the formwork shall be the 

responsibility of the Contractor. 
 
 C. Formwork shall be designed for loads, lateral pressure and allowable 

stresses in accordance with ACI 347. 
 
 D. All tolerances, preparation of form surfaces, removal of forms, reshoring and 

removal strength shall be in accordance with ACI 301.  (Fillets required at all 
sharp corners).   

 E. All concrete edges shall have a ¾” chamfer edge.  There should be NO 
sharp edges. 

 
3.3 Joints and Embedded Items 
 
 A. Construction Joints: 
 
  1. Construction Joints not shown on working drawings shall be made 

and located to least impair strength of structure, and shall be as 
approved by the Engineer. 

 
  2. Reinforcement shall be continued across joints, keys and inclined 
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dowels provided as directed by the Engineer.  Joints shall be cleaned 
and roughened as required prior to pouring. 

 
 B. Other Embedded Items:  Other embedded items including sleeves, inserts, 

anchors and embedded items required for adjoining work or support shall be 
placed prior to displacement. 

 
3.4 Production of Concrete 
 
 A. Concrete shall be ready-mixed, batched, mixed and transported in 

accordance with ASTM C 94. 
 
 B. Plant equipment and facilities shall conform to the “Checklist for Certification 

of Ready-Mixed Concrete Production Facilities” of the National Ready-Mixed 
Concrete Association. 

 
 C. When requested, a qualified concrete technician employed by the 

manufacturer shall be available to assist in proportioning concrete materials 
for optimum use, to advise on proper use of the admixture and adjustment of 
concrete mix proportions to meet jobsite and climatic conditions. 

 
3.5 Placing 
 
 A. Preparation: 
 
  1. The Contractor shall provide access for delivery, provide sufficient 

equipment and manpower to rapidly place all concrete. 
 
  2. Work shall be in accordance with ACI 304. 
 
  3. Formwork shall have been complete and debris removed from within 

forms. 
 
  4. Expansion joint material, anchors and all embedded items shall have 

been positioned. 
 
  5. Subgrades shall be sprinkled sufficiently to eliminate water loss from 

concrete. 
 
 B. Addition of Water:  No water shall be added to the concrete once it has been 

delivered to the site. 
 
 C. Conveying:  Concrete shall be placed rapidly by methods which prevent 

segregation or loss of quality. 
 
 D. Placement: 
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  1. Concrete shall be deposited continuously, or when continuous 
placement is not possible, construction joints shall be located as 
approved by the Engineer.  Concrete shall be placed as nearly as 
possible to its final position.  Avoid rehandling. 

 
  2. Concrete shall be consolidated by vibration, spading, rodding, or 

forking.  Work concrete around reinforcement, embedded items and 
into corners; eliminate air or stone pockets and other causes of 
honeycombing, pitting or planes of weakness.  

 
  3. Internal vibration shall have a minimum frequency of 8000 v/min with 

amplitude to consolidate effectively. 
 
  4. Vibrators shall be operated by competent workmen.  Use of vibrators 

to transport concrete shall not be allowed.  Vibrators shall be inserted 
and withdrawn approximately every 18 inches for 5 to 15 seconds 
each time. 

 
  5. Floor slab and roll-off container surfaces shall be brought to a steel 

trowel finish. 
 
3.6 Concrete Placement under Inclement Weather Conditions 
 
 A. Cold Weather: 
 
  1. Concrete shall conform to ACI Committee 306R Report. 
 
  2. The following minimum concrete temperatures as placed and 

maintained shall apply, depending on section size and dimensions: 
 
    Section Size     Minimum 
       Min. Dimension - Inches   Concrete Temperature 
 
    Less than 12    55°F (13°C) 
       12 - 36    50°F (10°C) 
       36 - 72    45°F ( 7°C) 
    More than 72    40°F ( 4°C) 
 
  3. Water heated to above 140°F (60°C) shall be combined with the 

aggregates before cement is added.  Cement shall not be added to 
water or aggregates having a temperature greater than 90°F (32°C). 

 
  4. When outdoor temperature is less than 40°F (4°C), temperature of the 

concrete in place shall be maintained at not less than 40°F for the 
required curing time.  When the temperature is 45° and falling, no 
concrete shall be placed. 
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  5. Arrangements shall be made before placement to maintain required 
temperature without injury from excessive heat. 

 
 B. Hot Weather: 
 
  1. Temperature of concrete delivered at jobsite shall be determined.  

Temperature of ingredients shall be cooled before mixing to prevent 
concrete temperature in excess of 94°F (34°C), Hot Weather 
Concreting in accordance with ACI 305 Committee Report. 

 
  2. Provisions shall be made for windbreaks, shading, fog spraying, 

sprinkling or wet cover when necessary. 
3.7 Curing and Protection 
 
 A. Immediately following placement, concrete shall be protected from 

premature drying, hot and cold temperatures, rain, flowing water and 
mechanical injury. 

 
 B. Material and method of curing shall be approved by the Engineer.  Final 

curing shall continue for not less than 7 days. 
 
 C. Approved methods include: ponding or continuous sprinkling, continuously 

wet mats, sand kept continuously wet and liquid membrane-forming 
compounds. 

 
 D. Applications of waterproof sheet material shall conform to ASTM C 171.  

Material shall maintain a maximum moisture loss of 0.55 kg/m2 tested in 
accordance with ASTM C 156. 

 
 E. Applications of membrane-forming compounds shall conform to ASTM C 

309. 
 
3.8 Form Removal 
 
 A. Forms shall not be removed until concrete has obtained a strength adequate 

to support its own weight plus any superimposed loads that might be placed 
thereon.  In general, side forms shall be left in place 2 days and bottom 
forms, 7 days to assist in proper curing. 

 
 B. Curing compound shall be applied to formed surfaces immediately upon form 

removal. 
 
 C. Removal of form ties and patching of holes left or minor surface defects shall 

be accomplished at this time. 
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3.9 Surface Finishes 
 
 A. Horizontal Surfaces:  Unless otherwise noted on the drawings, finish shall be 

smooth, steel troweled.  Dusting with cement is not permitted. 
 
 B. Vertical Surfaces:  Surfaces normally exposed to view, following completion 

of the structure, shall be rubbed finish unless otherwise noted on the 
drawings. 

 
 C. Other surfaces shall be smooth reflecting use of sound plywood, steel or 

lined forms and proper repair following form removal. 
 



 

 Job No. 7778 
 03250 - 13 

3.1 Defective Work 
 
 A. If defects are judged by the Engineer to be repairable, they shall be so 

repaired immediately after form removal. 
 
 B. If defects involve bulging of forms, misalignment, excessive honeycombing 

(aggregate pockets), other surface defects which are judged by the Engineer 
not to be repairable, the defective work shall be removed and replaced by 
the Contractor. 

 
 C. No extra compensation will be allowed for required repair or replacement. 
 
 
 
 
 *** END OF SECTION *** 
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SECTION 03300 
 

CAST-IN-PLACE CONCRETE 
 
 
PART 1 - GENERAL 
 
1.01 DESCRIPTION 
 
a. Work included:  Furnish all labor, materials and equipment and provide all concrete 

work required for the project, complete and in place. 
 
1.02 QUALITY ASSURANCE 
 
a. Codes and Standards:  Comply with the provisions of the following codes, 

specifications and standards, except where more stringent requirements are shown 
on the drawings or specified herein: 

 
 ACI 301 "Specifications for Structural Concrete for Buildings" 
 
 ACI 302 "Guide for Reinforced Concrete Floor and Slab Construction" 
 
 ACI 311 "Guide for Concrete Inspection" 
 
 ACI 318 "Building Code Requirements for Reinforced Concrete" 
 
 ACI 347 "Guide to Formwork for Concrete" 
 
 ACI 304 "Guide for Measuring, Mixing, Transporting and Placing Concrete" 
 
 Concrete Reinforcing Steel Institute, "Manual of Standard Practice" 
 
b. Workmanship:  The Contractor is responsible for correction of concrete work, 

which does not conform to the specified requirements, including strength, 
tolerances, and finishes.  Correct deficient concrete as directed by the 
Engineer/Architect.  The cost of correcting deficient concrete work shall be the 
responsibility of the Contractor. 

 
c. Concrete Testing Service:   
 
 1. Employ, at Contractor's expense, an independent testing laboratory 

acceptable to Engineer/Architect to perform material evaluation tests and to 
design concrete mixes. 

 
 2. The Owner will engage, at his expense, an independent testing laboratory to 

perform tests on concrete placed in the construction.  See Division 1 for 
payment. 
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d. Testing:  Materials and installed work may require testing and retesting, as directed 

by the Engineer/Architect at any time during the progress of the work.  Allow free 
access to material stockpiles and facilities at all times.  Tests not specifically 
indicated to be done at the Owner's expense, including the retesting of rejected 
materials and installed work, shall be done at the Contractor's expense. 

 
1.03 SUBMITTALS 
 
a. General:  See Division 1 for general requirements for submittals. 
 
b. 03300-1.  Manufacturer's Data:  Submit manufacturer's product data with 

application and installation instructions for proprietary materials and items, 
including reinforcement and forming accessories, admixtures, patching 
compounds, waterstops, joint systems, and curing compounds. 

 
c. 03300-2.  Shop Drawings, Concrete Reinforcement:  Submit shop drawings (1 

Sepia and 1 print) for fabrication, bending, and placement of concrete 
reinforcement.  Except as may be modified by the Contract Drawings, comply with 
the ACI 315 "Manual of Standard Practice for Detailing Reinforced Concrete 
Structures" showing bar schedules; stirrup spacing; diagrams of bent bars;  
arrangement of concrete reinforcement; and types and placement of supporting 
accessories.  Include special reinforcement required at openings through concrete 
structures.  Indicate proposed construction joint locations. 

 
d. 03300-3.  Laboratory Test Reports:  Submit two copies of recent laboratory trial 

mixture test reports or standard deviation analysis data for concrete materials and 
mix designs for review by Engineer/Architect.  Also, submit mix designs on each 
class of concrete using the Mix Design Submittal Form attached at the end of this 
section. 

 
e. 03300-4.  Material Certificates:  Provide materials certificates in lieu of materials 

laboratory test reports only when permitted by the Engineer/Architect.  Material 
certificates shall be signed by the manufacturer and the Contractor, certifying that 
each material item complies with, or exceeds, the specified requirements. 

 
1.04 STORAGE OF MATERIALS 
 
a. Store cement on platform off ground and protect against the elements.  Reinforcing 

steel shall be stored on blocks and off the ground.  Materials for concrete work may 
be stored at the project site, but any material, which has deteriorated, become 
damaged, or otherwise rendered unfit for use, shall be removed from the site 
immediately upon discovery. 

 
 
 
1.05 RELATION WITH OTHER TRADES 
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a. The General Contractor is responsible to coordinate the work of all trades. 
 
b. All items of work required by other trades to be built into the concrete work will be   

provided and located by the particular trade requiring such items.  Allow them 
ample time to accomplish their part of the work. 

 
c. Check with all trades prior to depositing concrete to ascertain that their work is in 

place and properly anchored to prevent displacement during concrete operations.   
 
d. Assist other contractors as necessary in setting these items and take due 

precautions to protect them from damage after they have been set.  Replace or 
repair all displacement or damage of these items caused by concrete operations.   

 
PART 2 - PRODUCTS 
 
2.01 FORM MATERIALS 
 
a. Forms for Exposed Concrete: 
 
 1. Unless otherwise shown or specified, construct formwork for exposed 

concrete surfaces with plywood, to provide continuous, straight, smooth, 
exposed surfaces.  Furnish in largest practicable sizes to minimize number 
of joints.  Provide form material with sufficient thickness to withstand 
pressure of newly-placed concrete without bow or deflection. 

 
 2. Use plywood complying with U. S. Product Standard PS-1 "B-B (Concrete 

Form) Plywood," Class I, Exterior Grade or better, mill-oiled and edge-
sealed, with each piece bearing legible trademark of an approved inspection 
agency. 

 
b. Forms for Unexposed Finish Concrete:  Form concrete surfaces, which will be 

unexposed in finished structure with plywood, lumber, metal or other acceptable 
material.  Provide lumber dressed on at least 2 edges and one side for tight fit. 

 
c. Form Coatings:  Provide commercial formulation form-coating compounds that will 

not bond with, stain, or adversely affect concrete surfaces, and will not impair 
subsequent treatments of concrete surfaces to be cured with water or curing 
compound. 

 
2.02 REINFORCING MATERIALS 
 
a. Reinforcing Bars: 
 
 1. Beam Stirrups:  ASTM A615 Grade 40. 
 
 2. All Other Reinforcing Steel:  ASTM A615 Grade 60. 
 
b. Bar Supports:   
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 1. General:  Furnish and install in accordance with ACI Detailing Manual ACI 

315, unless detailed otherwise on the structural drawings.  Fabricate bar 
supports from cold drawn industrial quality basic wire.  All steel components 
in bar supports shall be hot-dipped galvanized.  Bar supports in contract 
with surfaces that will contain wastewater fluids and materials shall be made 
of plastic or cement mortar.  All bar support types must be indicated on the 
reinforcing steel shop drawing and no bar supports may be used without 
prior approval from the Engineer. 

 
2.03 CONCRETE MATERIALS 
 
a. Portland Cement:  Conform to ASTM C-150, Type I, Type II or Type III.  Use only 

one brand per mix on the entire project. 
 
b: Fly Ash:   
 
 1. Conform to ASTM C-618, Type C or F.   
 
 2. Source of fly ash must be on Texas Department of Transportation's 

approved list.   
 
 3. At no time during course of project will a change in fly ash source be 

permitted without approval of the Engineer/Architect. 
 
c. Coarse Aggregate: 
 
 1. Nominal maximum size:  No larger than 1/5 the narrowest dimension 

between sides of forms; nor 1/3 the depth of slabs or topping; nor 3/4 the 
minimum clear spacing between individual reinforcing bars, or bundles of 
bars. 

 
 2. Normal-Weight Concrete:  Conform to ASTM C33.   
 
d. Fine Aggregate:  Conform to ASTM C33. 
 
e. Mixing Water:  Clean and free from injurious amount of oils, acids, alkalis, salts, 

organic materials, or other substances that may be deleterious to concrete or steel. 
 
f. Admixtures: 
 
 1. General:  Admixtures shall not contain more chloride ions than are present 

in municipal drinking water.  
 
 2. Water Reducing Admixture:  "Eucon WR-75 or WR-89" by The Euclid 

Chemical Co., "Pozzolith 200N" by Master Builders.  No substitutions will be 
allowed.  The admixture shall conform to ASTM C494, Type A.  
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 3. Water Reducing, Retarding Admixture:  "Eucon Retarder-75" by the Euclid 
Chemical Co., "Pozzolith 100XR" by Builders.  No substitutions will be 
allowed.  The admixture shall conform to ASTM C494, Type D. 

 
 4. High Range Water-Reducing (HRWR) Admixture (Superplasticizer):  "Eucon 

37" by the Euclid Chemical Co., "Rheobuild 1000" by Master Builders.  No 
substitutions will be allowed.  The admixture shall conform to ASTM C494, 
Type F or G. 

 
 5. Non-Corrosive, Non-Chloride Accelerator:  "Accelguard 80" by The Euclid 

Chemical Company or "Daraset" by Builders.  No substitutions will be 
allowed.  The admixture shall conform to ASTM C494, Type C or E.  The 
admixture manufacturer must have long-term non-corrosive test data from 
an independent testing laboratory (of at least a year's duration) using an 
acceptable accelerated corrosion test method such as that using electrical 
potential measures. 

 
 6. Air Entraining Admixture:  Conform to ASTM C260.  Product shall be "Air-

Mix" by the Euclid Chemical Co., "MB-VR" by Master Builders or "Sika AER" 
by Sika Corp.  

 
 7. Prohibited Admixtures:  Calcium chloride, thiocyanates, or admixtures 

containing more than 0.05% chloride ions are not permitted.  
 
 8. Certification:  Written conformance to the above-mentioned requirements 

and the chloride ion content of the admixture will be required from the 
admixture manufacturer prior to mix design review the Engineer.  

 
2.04 RELATED MATERIALS 
 
a. Tie Wire:  No. 18 gauge soft annealed wire. 
 
b. Form Ties:  Bolts, rods, or patented devices having a minimum tensile strength of 

3000 pounds when fully assembled.  Form ties shall be constructed so that the 
ends or end fasteners can be removed without causing appreciable spalling at the 
faces of the concrete.  After the ends or end fasteners have been removed, the 
embedded portion of the ties shall terminate one inch behind the formed face of the 
concrete.  Tie holes shall be filled with mortar, unless shown otherwise. 

 
c. Drilled-In Type Masonry or Concrete Anchors:  Hilti Fastening Systems "Kwik Bolt 

II," stainless steel anchors of the expansion type.  Diameter and embedment as 
noted on drawings. 

 
d. Adhesive Anchors:  Hilti "HIT HY-150” adhesive anchoring system with stainless 

steel threaded components and accessories.  Diameter and embedment as noted 
on the drawings. 

 
e. Liquid Curing Compound:   
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 1. Shall conform to ASTM C309 "Specifications for Liquid Membrane Forming 

Compounds for Curing Concrete,” Type 1 or Type 1-D. 
 
 2. Shall be compatible with type of floor covering or finish specified. 
 
f. Absorptive Mats:  ASTM C171, Type B, cotton fabric. 
 
g. Bonding and Repair Materials:  
 
 1. Bonding Compounds:  The compound shall be a polyvinyl acetate type, 

Rewettable: "Euco Weld" by the Euclid Chemical Co. or "Weldcrete" by the 
Larsen Co.  Use only in areas not subject to moisture.  Non-Rewettable; 
Polymer modified, bonding compound "Euco-Bond" by The Euclid Chemical 
Co. or approved equal.   

 
 2. Bonding Admixture:  The compound shall be a latex, non-rewettable type, 

"SBR Latex" or "Flex-Con" by The Euclid Chemical Co. or "Daraweld C" by 
W.R. Grace. 

 
 3. Low Shrinkage Structural Repair Mortar:  One component polymer, 

microsilica modified, high strength concrete repair mortar.  Product shall be 
"SR-93" by The Euclid Chemical Company or approved substitute. 

 
 4. Epoxy Adhesive:  The compound shall be a two (2) component, 100% 

solids, 100% reactive compound suitable for use on dry or damp surfaces, 
"Euco Epoxy No. 452MV or No. 620" by The Euclid Chemical Co. or 
"Sikadure Hi-Mod" by The Sika Chemical Corp. 

 
h. Epoxy Joint Filler:  The epoxy joint filler shall be a two (2) component, 100% solids 

compound, with a minimum shore D hardness of 50, "Euco 700" by The Euclid 
Chemical Co., "Sikadur 51SL" by Sika Chemical Corp., or Metzger/McGuire "MM-
80.” 

 
i. Liquid Densifier:  "Diamond Hard" by The Euclid Chemical Co. or "Ashford 

Formula" by Curecrete Chemical Co.  The product shall be a clear silicate or 
siliconate based compound, which penetrates the concrete and provides a "low-
sheen surface. 

 
j. Spray Applied Evaporation Retarder:  "Eucobar" by the Euclid Chemical Co., 

"Confilm" by Master Builders or approved substitute. 
 
k. Waterstops:  See drawings for locations. 
 
 1.   ⅝” thick by 1½” wide “Synko-Flex preformed plastic adhesive waterstop” as 

manufactured by Henry Company or approved substitute.   
 
2.05 PROPORTIONING AND DESIGN OF CONCRETE MIXES 
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a. Strength:  The specified compressive strength of the concrete fc' shall be 3000 psi. 

 Strength requirements shall be based on 28-day compressive strength unless a 
different test age is designated. 

 
b. Concrete Proportions: 
 
 1. Proportion ingredients to produce a mixture, which is watertight and 

chemical resistant and will work readily into the corners and angles of the 
forms and around reinforcing, but without permitting the materials to 
segregate or excessive free water to accumulate on the surface.  
Proportioning of concrete mix shall conform to the recommendation of ACI 
350R-77. 

 
 2. All mix designs shall be proportioned in accordance with ACI 318-89, 

Section 5.3, "Proportioning on the Basis of Field Experience and/or Trial 
Mixtures.”   

 
  a.) If field experience is proposed, appropriate field test data for concrete 

made with similar ingredients may be used.  The use of the proposed 
mixture proportions shall be subject to approval by the 
Engineer/Architect based on their demonstrated ability to produce 
concrete meeting all requirements of the specifications.  Ability to 
produce the required average strength shall be determined on the 
basis of strength test record of 30 or more tests made during the past 
year, which will permit establishing the water-cement ratio 
corresponding to the required average strength. 

 
  b.) If trial batches are used, the mix design shall be determined by an 

independent testing laboratory using at trial mixtures with three 
different water-cement ratios.  Complete trial mixture test data or 
standard deviation analysis also shall be included on the Mix Design 
Submittal Form attached at the end of this specification section.  
Final proposed mixes shall achieve an average compressive strength 
1200 psi higher than the specified strength, slump within 1 in. of the 
maximum permitted, and, where applicable, maximum entrained air 
content. 

 
 3. When used, fly ash may replace 15 to 20 percent of the portland cement 

content by weight.  However, no less than 4½ sacks of cement per cubic 
yard shall be permitted for any concrete mix.  design. 

 
 4. If the strength specified is not obtained with the minimum water/cement ratio 

specified, or the construction schedule requires early strengths, use 
additional cement at no additional expense to the Owner. 

 
5. The Contractor shall pay for the cost of the concrete mix designs and the 

preliminary testing. 
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c. Slump:  All concrete containing the high-range water-reducing (HRWR) admixture 

(superplasticizer) shall have a maximum slump of 9" unless otherwise approved by 
the Engineer/Architect.  The concrete shall arrive at the job site at a slump of 2" to 
3".  The slump shall be verified, and then the high-range water-reducing admixture 
added to increase the slump to the approved level.  All other concrete shall have a 
maximum slump of 4". 

 
d. Air Content:   
 
 1. All concrete shall have an air content of 4% to 5%. 
 
2.06 PRODUCTION OF CONCRETE 
 
a. General:  Thoroughly incorporate properly weighed materials in the quantities 

allowed by the rated mixing capacity of the mixer by mixing at the speed and for 
the length of time required to produce concrete of uniform consistency, paste 
distribution, and aggregate grading from the beginning to the end of the discharge. 
 Maintain the mixer free of hardened concrete, leaks, and excessive wear. 

 
b. Ready-Mixed Concrete:   
 
 1. All ready-mix trucks shall conform to the requirements of NRMCA QC 

Manual, Section 3, Plant Certification paragraph 5.1.  Mix and deliver in 
conformance with ASTM C94.   

 
 2. The supplier of ready-mixed concrete shall have a plant of sufficient 

capacity and adequate transit-mixing equipment to assure delivery at the 
rate required to permit continuous, uninterrupted placing throughout each 
scheduled pour.   

 
 3. Any concrete not placed within one and one half hours after the mixing 

water is added to the dry ingredients shall be rejected and disposed of at 
the Contractor's expense. 
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PART 3 - EXECUTION 
 
3.01 FORMS 
 
a. Provide forms in new or in undamaged condition.  Conform to shape, lines, and 

dimensions of the members as shown on the plans.  Brace and tie together to 
maintain position and shape and insure the safety of the workmen and passersby.  
Forms shall be of sufficient strength and rigidity and properly supported so that 
they will not deflect under the weight and pressure of wet concrete.  Forms shall be 
sufficiently tight to prevent the leakage of mortar.  Locate form ties level and plumb 
in horizontal rows and vertical tiers. 

 
b. Provide for a ¾" chamfer of all external corners of exposed concrete walls unless 

shown otherwise on the drawings. 
 
3.02 PLACING REINFORCEMENT 
 
a. Cleaning:  At the time concrete is placed, the reinforcement shall be free from rust, 

scale or other coatings that will destroy or reduce the bond with the concrete.  
Clean reinforcement left protruding from earlier operations before covering with 
new concrete. 

 
b. Placing:   
 
 1. Place reinforcement accurately in position as shown on the structural and 

placing drawings.  Securely fasten and support to prevent displacement 
during the placing of the concrete.  Tie reinforcement at all intersections with 
tie wire or clips.  Bend ends of wire ties away from concrete surfaces.  
Concrete cover requirements apply to reinforcing bars and any reinforcing 
accessories.  Do not place concrete until the steel placement has been 
approved. 

 
 2 During the placement of the concrete, have competent mechanics watch 

and keep the reinforcement in place. 
 
c. Welding:  Do not weld or heat reinforcing, or tack weld to reinforcing. 
 
d. Lap splices in reinforcing steel shall be a minimum of 40 bar diameters in length. 
 
e. Provide corner bars at all grade beam and wall intersections.  Match size and 

spacing of horizontal reinforcing and lap 40 bar diameters.  
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3.03 INSTALLATION OF WATERSTOPS 
 
a. Provide each piece of waterstop material in the maximum practicable length in 

order that the number of end joints be minimized.  Install so as to form a 
continuous water-tight diaphragm. 

 
b. Make joints at intersections and ends of pieces in the manner recommended by 

the manufacturer.  Construct joints to develop effective water-tightness fully equal 
to that of the continuous waterstop material, to permanently develop at least 50 
percent of the strength of the parent section, and to permanently retain its flexibility. 

 
3.04 PREPARATION FOR PLACING CONCRETE 
 
a. General:  Remove impounded water from the forms and excavations before any 

concrete is deposited.  Divert any flow of water through proper side drains to a 
sump or remove by other approved methods to prevent washing of freshly 
deposited concrete.  Remove all debris from the space to be occupied by the 
concrete. 

 
b. Inserts:  Provide ample time for the various trades and subcontractors to install all 

items as may be necessary for the proper execution of their work.  Provide suitable 
templates or instructions for the installation of items that are not required to be 
actually placed in the forms. 

 
c. Inspection:  Notify the Engineer/Architect in advance of placing concrete so that 

excavations, forms, reinforcement, inserts, etc. may be inspected.  If any part of 
the work is determined to be unsatisfactory, do not proceed with the concrete work 
until all defects have been remedied.  The Contractor shall fulfill his obligation to 
produce the finished concrete work required by the provisions of the drawings and 
specifications. 

 
3.05 DEPOSITING CONCRETE 
 
a. Preparation: 
 
 1. Before placing any concrete, remove all hardened concrete and foreign 

materials from conveying equipment; complete, clean, and wet formwork; 
and secure reinforcing and accessories in place.   

 
b. Conveying: 
 
 1. Move the concrete from the mixer to the place of final deposit without delay 

and by methods, which will prevent segregation.  Chutes, if used, shall be 
metal or metal lined and shall be used with moderate slopes.  Use baffles to 
prevent segregation. 

 
 2. Deposit concrete as near as practical in its final position and in a manner to 

maintain a nearly horizontal plastic surface. 
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 3. Provide substantial elevated runways or hoists over which to convey the 

concrete to points of deposit in order not to disturb the forms or the 
reinforcing.  Do not wheel conveying equipment directly over any 
reinforcing. 

 
 4. Concrete shall not be dropped freely where reinforcing will cause 

segregation, nor shall it be dropped freely more than ten feet for concrete 
containing the high range water-reducing admixture (superplasticizer), or 
five feet for other concrete.  In those cases, use tremies.  Tremies shall be 
made of rubber or metal and shall be provided in sections so the outlet may 
be adjusted to proper heights during placing operations. 

 
c. Consolidation: 
 
 1. Thoroughly compact all concrete by vibration, spading, rodding, or other 

suitable means so that concrete is thoroughly worked around the 
reinforcement, embedded fixtures, and into the corners of the forms.  Use 
and type of vibrators shall conform to ACI 309, "Recommended Practice For 
Consolidation of Concrete."  Take care to prevent segregation due to over-
vibration or other causes. 

 
3.06 COLD WEATHER CONCRETE PRACTICES 
 
a. Place concrete only when the atmospheric temperature is at least 40oF and rising.  

The concrete shall have a temperature of not less than 70oF nor more than 100oF 
when placed and shall be maintained above 50oF for at least four days after 
placing. 

 
b. Only the specified non-corrosive non-chloride accelerator shall be used.  Calcium 

chloride, thiocyanates, or admixtures containing more than 0.05% chloride ions are 
not permitted. 

 
3.07 HOT WEATHER CONCRETE PRACTICES 
 
a. In hot weather, extra care shall be taken to reduce the temperature of the concrete 

being placed and to prevent rapid drying of newly placed concrete.  When the 
outdoor ambient temperature is more than 90oF, the temperature of the concrete 
as placed shall not exceed 90oF; a fog spray shall be used during finishing 
operations; and curing shall be started as soon as the surface of the fresh concrete 
is sufficiently hard to permit it without damage. 
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b. When high temperatures, low humidity and dry winds create conditions suitable for 
plastic cracking, an evaporation retarder may be required to be applied by spray 
one or more times during the finishing operation.  A fog spray shall be used during 
finishing operations. 

 
c. Curing shall be started as soon as possible after final finishing and the surface of 

the fresh concrete is sufficiently hard to permit it without damage. 
 
3.08 CONCRETE FINISHES (FLAT WORK) 
 
a. Monolithic Finishing of flat concrete - Normal Weight Concrete: 
 
 1. The concrete shall be placed, consolidated, struck off and leveled to proper 

elevation.  After the concrete has stiffened sufficiently to permit the 
operation, and water sheen has disappeared, the surface shall be broom 
finished.   

 
 2. All broom-finished slabs shall achieve an FF20/FL17 tolerance (Specified 

Overall Value).   
 
 3. Where drains occur, pitch the concrete slab to the drain in planes true to the 

same tolerance. 
 
 4. Written notice of procedures and materials shall be submitted to the 

Architect Engineer for review prior to commencing remedial work. 
 
3.09 CONCRETE FINISHES (FORMED SURFACES) 
 
a. Patching:   
 
 1. Remove all form ties and other repairable defects immediately after form 

removal.  Cut out honeycomb and other defects to sound concrete, to a 
depth of not less than 3/4" deep and with square edges.   

 
 2. Use low shrink structural repair mortar with the bonding admixture.  Apply in 

accordance with the manufacturers recommendations.  Finally, dress the 
patched surface to match the adjoining surfaces. 

 
b. Selection of Finishes: 
 
 1. Rough Form Finish:  For all concrete surfaces not exposed to view or 

surfaces covered by other construction. 
 
 2. Smooth Form Finish:  For all concrete surfaces that are to be covered with a 

coating or a covering material applied directly to the concrete, such as 
waterproofing, dampproofing, painting, or other similar system. 

 
c. Rough Form Finish:  Rough form finish surfaces shall be reasonable true to line 
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and plane with no specific requirements for selecting facing materials.  Patch tie 
holes and defects and rub down fins exceeding ¼ in. in height using wooden 
blocks.  Otherwise, leave surface with the texture imparted by the forms. 

 
d. Smooth Form Finish:  Smooth form finish surfaces shall be formed with plywood 

and shall be reasonably true to line and plane using quality materials and 
workmanship as previously specified.  Patch tie holes and rub down all fins. 

 
3.10 CURING AND HARDENING 
 
a. General:  Beginning immediately after placement, protect concrete from premature 

drying, excessively hot or cold temperatures, and mechanical injury.  Maintain with 
minimal moisture loss at a relatively constant temperature (50oF min.) for a 
minimum of 7 days.  If high early strength concrete is used, the curing time may be 
reduced to 3 days.) 

 
b. Curing of flat surfaces: 
 
 1. Slab-on-grade surfaces shall be moist cured by ponding or continuous 

sprinkling; application of absorptive mats or fabric kept continuously wet; or 
by application of sand kept continuously wet.  Maintain in a moist condition 
for at least 7 days.  Do not use liquid curing compound.  

 
c. Curing of formed surfaces:  Minimize the moisture loss by wetting the forms daily 

until they can be safely removed.  After the form removal, cure the concrete for the 
remainder of the curing period by using liquid curing compound on surfaces on 
which another material is not to be bonded, or by wrapping with absorptive mats, 
which will be, keep continuously wet. 

 
d. Hardening:  Treat all exposed floor areas scheduled or detailed to have a cement 

floor finish with the specified liquid densifier.  Application shall be made just prior to 
completion of construction and in strict accordance with the directions of the 
manufacturer.  These surfaces must be cured with a moist curing method 
approved by the Engineer/Architect. 

 
3.11 REMOVAL OF FORMS 
 
a. Formwork for walls, sides of beams and other parts not supporting the weight of 

the concrete may be removed as soon as the concrete has hardened sufficiently to 
resist damage from removal operations. 

 
3.12 REPAIR OF DEFECTIVE AREAS 
 
a. With prior approval of the Engineer/Architect, as to method and procedure, all 

repairs of defective areas shall conform to ACI 301, Chapter 9, except that the 
specified bonding compound must be used. 

 
b. The specified patching mortar may be used in lieu of the above-mentioned method 
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when color match of the adjacent concrete is not required.  Prior approval by the 
Engineer/Architect is required. 

 
c. Low shrinkage structural repair mortar - All horizontal, vertical, and overhead areas 

to be repaired, shall use the specified low shrinkage structural repair mortar.  The 
mortar shall be mixed, placed, consolidated and finished in strict accordance with 
the directions of the manufacturer. 

 
d. Methods and procedures for all other structural repairs shall be made with prior 

approval of the Engineer/Architect, using the specified epoxy adhesive and/or 
epoxy mortar.  Where epoxy injection procedures must be used, an approved low 
viscosity epoxy made by the manufacturers previously specified shall be used. 

 
3.13 INSPECTION AND TESTING DURING CONSTRUCTION 
 
a. The Contractor shall conduct the following testing at the Contractor’s expense.  

Additional inspection and testing requirements are specified in Division 1. 
 
b. Compression Tests: 
 
 1. During the progress of the work the testing laboratory shall make standard 

6" x 12" cylinders in accordance with ASTM C31.  A set of three cylinders 
shall be made for each 50 cu. yd. or fraction thereof, of each mix design of 
concrete placed in any 1 day.  Identify cylinders to show the date made, the 
slump and the exact location in the structure from which the sample was 
taken. 

 
 2. The test cylinders shall be cured by the testing laboratory.  One cylinder 

shall be tested at seven days and two at 28 days.  Test results shall be 
mailed or telephoned to Contractor and the Engineer/Architect the same day 
the tests are made.  The laboratory shall furnish a report to the Contractor 
and to the Engineer/Architect indicating the results obtained from each 
cylinder. 

 
 3. Should the Contractor desire to remove the forms at a time prior to the 

seven day tests, the Contractor shall have the testing laboratory make two 
additional cylinders and test to verify that the concrete has attained the 
strength required for form removal.  The cost of these additional cylinders 
shall be paid for by the Contractor. 

 
c. Storage and Transportation of Test Cylinders:  The Contractor shall build a box 

and fill with wet sand for field storage of test cylinders.  The cylinders shall be 
stored in the box, with the sand kept wet, until they are ready to be sent to the 
laboratory.  The cylinders shall be safely transported to the laboratory by at least 
the third day after they were cast. 

 
d. Evaluation and Acceptance of Concrete:  Evaluation and acceptance of concrete 

shall be conducted in accordance with the requirements of ACI 301. 
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***END OF SECTION*** 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

DIVISION 9 – PAINT
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 SECTION 09901 
 
 CLEANING AND PAINTING 
PART 1 - GENERAL 
 
1.1 Scope 
 
 The work to be completed under this section of these specifications shall include 

furnishing all materials, equipment, tools, labor and incidentals necessary for the 
cleaning and painting of the exposed new equipment, tanks, piping, valves and 
accessories. 

 
1.2 Submittals 
 
 The Contractor shall submit the following items to the Engineer, prior to application 

of any paint materials: 
 
 A. Paint Systems and Products: The Contractor shall submit detailed 

information on the paint system and products. 
 
 B. Colors: The Contractor shall submit samples of standard paint colors for the 

finish paint.  The Owner will select the colors of the paint. 
 
1.3 Guarantee 
 
 The Contractor shall guarantee the work required under these specifications for a 

period of one year from the date of completion and project acceptance by the 
Owner of his work, to the extent that he will repair any defects, of which he is 
notified during the period, which may appear because of faulty design, 
workmanship, or material furnished under these specifications. 

 
1.4 Measurement and Payment 
 
 If no item for “Cleaning and Painting” is provided for in Section 00105, “Proposal”, 

no separate measurement and payment will be made for this work, and the work 
shall be considered subsidiary to the project. 

 
PART 2 - PRODUCTS 
 
2.1 Paint Manufacturer 
 
 A. Paint products shall be manufactured by Tnemec Coatings Inc. (1235 Belvin 

Street, San Marcos, Texas, (512) 392-3500) or approved equal. 
 
2.2 System A 
 

A. Type of Surface:  Pre-painted ferrous metal 
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B. Type of Structure: Miscellaneous ferrous metal, pumps, motors, piping, 
fittings, and valves etc. 

 
C. Exposure Condition:  Non-submerged, exterior 

 
D. Surface Preparation: All surfaces shall be dry, clean and free of all 

contaminants.  Remove all loosely adhering paint by hand or power tool 
cleaning as per SSPC-SP2 or SP3.  Apply a test patch to ensure 
compatibility.  Color coding of piping to be accomplished with colored, 2” 
vinyl tape wrapped around pipe @ 8’ centers and at valves and fittings. 

 
E. Painting System:   

 
a. First Coat: Tnemec Series 50-330 Poly-Ura-Prime applied at 2.0 – 3.0 

dry mils. 
 
b. Second Coat: Tnemec Series 75-Color Endura-Shield IV applied at 

3.0 – 5.0 dry mils.  Total dry film thickness shall be 6.0 mils minimum. 
 
2.3 System B 
 

A. Type of Surface:  Exterior exposed ductile iron pipe 
 

B. Surface Preparation: Clean all surfaces as per SSPC-SP1 Solvent Cleaning. 
 Measure surface profile in accordance with ASTM D4417, Method C.  If 
surface profile is less than 1.5 mils, abrasive blast as per SSPC-SP7 Brush-
Off Blast Cleaning.  If surface profile is greater than 1.5 mils, clean as per 
SSPC-SP3 Power Tool Cleaning. 

 
C. Painting System:  

 
a. Prime Coat: Tnemec Series 140 Pota-Pox Plus   -   6.0 – 8.0 dry 

mils. 
 
b. Finish Coat: Tnemec Series 75 Endura-Shield    -   3.0 – 5.0 dry mils. 

 
2.4 System C 
 

A. Type of Surface: Submerged or buried ductile iron pipe 
 

B. Surface Preparation: Clean all surfaces as per SSPC-SP1 Solvent Cleaning. 
 Measure surface profile in accordance with ASTM D4417, Method C.  If 
surface profile is less than 1.5 mils, abrasive blast as per SSPC-SP7 Brush-
Off Blast Cleaning.  If surface profile is greater than 1.5 mils, clean as per 
SSPC-SP3 Power Tool Cleaning. 

 
C. Painting System: 
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a. Prime Coat: Tnemec Series 140 Pota-Pox Plus   -   6.0 – 8.0 dry 
mils. 

 
b. Finish Coat: Tnemec Series 140 Pota-Pox Plus   -   6.0 – 8.0 dry 

mils. 
 
 
PART 3 - EXECUTION 
 
3.1 Protection of Equipment 
 
 All pumps, motors, controls, electrical, electrical equipment and meters, existing or 

new, shall be protected from sandblasting, solvents, etc. and all cleaning 
procedures.  Any damage to existing equipment shall be repaired or replaced at 
Contractor's expense promptly and to the satisfaction of the Owner. 

 
3.2 Cleaning 
 
 A. All bolts, nuts, sharp edges, corners, rough welds, etc. should be ground to a 

1/8" radius. 
 
 B. The Contractor shall coat all blast-cleaned surfaces the same day the 

surfaces are cleaned.  Any surface not coated the same day will require 
reblast cleaning before coating is permitted. 

 
3.3 Painting 
 
 The exposed piping, valves, and accessories shall be painted in accordance with 

the approved paint manufacturer's written instructions and material safety 
instructions with special attention to the following: 

 
 A. Weather Conditions:  No paint shall be applied when the surrounding air 

temperature, as measured in the shade, is below 55° F.  No paint shall be 
applied when the temperature of the surface to be painted is below 50° F or 
less than 5° F above the dew point.  Paint shall not be applied to wet or 
damp surfaces, or when the humidity exceeds 85 percent, or when the wind 
speed exceeds 20 mph. 

 
 B. Prime Coat: The prime coat shall be installed in accordance with the 

manufacturer's instructions.  All bolts and nuts shall have an additional prime 
coating applied by brushing. 

 
 C. Final Coat: The final coat shall be installed in accordance with the 

manufacturer's instructions.  The Contractor shall install the final coat over 
within the amount of time recommended by the paint manufacturer.  No 
water shall be allowed to enter the piping for a minimum period of three (3) 
days following completion of the coating system.  This time period may be 
extended if so required by the paint manufacturer. 
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D. Touch-up Painting: Prior to acceptance of painting the Contractor will be 

required to touch-up all painted surfaces that have been damaged due to 
construction activities, using the same paint product that has been used at 
the time of the original painting. 

 
3.4 Quality of Articles, Materials, and Equipment 
 

A. Articles, materials, and equipment to be incorporated into the work under this 
contract shall be new and unused.  The Contractor shall be responsible for 
all material furnished by him.  All such material, which are either defective, or 
have been damaged in transit or after delivery, shall be replaced by the 
Contractor at his expense.  The Contractor shall be responsible for the safe 
storage of all material furnished to or by him and accepted by him until it has 
been incorporated in the completed project.  

 
 *** END OF SECTION *** 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

DIVISION 15 – MECHANCIAL 
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 SECTION 15102 
 
 SUBMERSIBLE PUMPS 
 
PART 1 - GENERAL 
 
1.1 Scope 
 
 A.  This specification shall govern the work necessary for furnishing, installing  

 and placing into initial operation the submersible, non-clog sewage pumps 
complete with access frame covers, guide bars and brackets, lifting 
accessories for raising and lowering pumps, electrical controls and other 
items required for a complete installation.  The pump manufacturer, 
through the Contractor, shall be responsible for proper electrical protection 
and control function as may be necessary to maintain and preserve the 
special pump warranty requirements of this section. 

 
B. The pumps shall be designed for handling a raw unscreened  domestic 

wastewater.  The equipment shall be designed such that the pump unit can 
be automatically and firmly connected to the discharge piping when lowered 
into place on a mating discharge connection permanently installed in the wet 
pit.  The pump shall be easily removable for inspection or service, requiring 
no bolts, nuts, or other fastening to be disconnected.  There shall be no 
need for personnel to enter the wet pit for inspection or maintenance of the 
pump.  Pumps, motors and accessories shall be designed for watertight 
operation with continuous submergence under 65 feet of water and a 
maximum liquid temperature of 100 degrees F. 

 
1.2 Guarantee 
 
 A. In addition to the general guarantee required elsewhere in these  

specifications, the pump manufacturer shall furnish the Owner a written 
guarantee to warrant the pumps and all components against defects in 
workmanship and material for a period of five (5) years or 10,000 hours 
operation under normal use and service.  The pump manufacturer will pay 
the following share of the cost of all replacement parts and labor from the 
date of shipment of each pump unit.  Pumps repaired under warranty will be 
returned to the Owner freight prepaid. 

 
 Time After Shipment 
 
 Months:  0 - 18         19 - 39         40 - 60 
 
 Hours:   0 - 3,000  3,000 - 6,500  6,500 - 10,000 
 
 Warranty:  100%    50%   25% 
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The warranty shall be in printed form and previously published as the 
manufacturer's standard warranty for all similar units manufactured.  The Contractor 
shall provide storage and maintenance during construction as instructed by the 
manufacturer in order to assure full warranty to the Owner. 

 
1.3 Operating Conditions 
 

A. F.M. 2360 Lift Station 
B.  

   Manufacturer, model: Flygt NP 3127  Impeller 433 
   Discharge connection flange: 6 inch minimum 
   Pump outlet: 6 inch minimum 
   Motor horsepower:  The Pump shall not overload the motor at any 

point through the operating range of the pump, but in no case shall be 
less than 7.5 hp. 

   Performance Curve Operating Points: 
    1,250 gpm, 36.18 ft tdh 
    1,375 gpm, 33.84 ft tdh 
   Motor full load current: 9.9 amps 
   Motor voltage: 230 volt, 3 phase 
   Maximum rpm: 1750 
   Number of pumps required: 4  
 
 B. Mike’s Subdivision Lift Station 
 
   Manufacturer, model: Flygt NP 3127 Impeller 489 
   Discharge connection flange: 4 inch minimum 
   Pump outlet: 4 inch minimum 
   Motor horsepower:  The Pump shall not overload the motor at any 

point through the operating range of the pump, but in no case shall be 
less than  7.5 hp. 

   Performance Curve Operating Points: 
    347 gpm, 46.25 ft tdh, 58.0% hyd eff 
    410 gpm, 42.25 ft tdh, 56.0% hyd eff 
   Motor eff minimum: 83.5% full load, 84.5% ¾ load, 83.5% ½ load 
   Motor full load current: 19 amps 
   Motor voltage: 230 volt, 3 phase 
   Maximum rpm: 1750 

  Number of pumps required: 2 
 
 
 
 
 

 C. East Alto Bonito Lift Station 
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   Manufacturer, model: Flygt NP 3127 Impeller 489 
   Discharge connection flange: 4 inch minimum 
   Pump outlet: 4 inch minimum 
   Motor horsepower:  The Pump shall not overload the motor at any 

point through the operating range of the pump, but in no case shall be 
less than  7.5 hp. 

   Performance Curve Operating Points: 
    582 gpm, 32.75 ft tdh, 58.0% hyd eff 
    635 gpm, 29.50 ft tdh, 56.0% hyd eff 
   Motor eff minimum: 83.5% full load, 84.5% ¾ load, 83.5% ½ load 
   Motor full load current: 19 amps 
   Motor voltage: 230 volt, 3 phase 
   Maximum rpm: 1750 

  Number of pumps required: 2 
 
1.4 Certified Pump Curves: 
 
 A. The pump manufacturer shall furnish certified pump curves of previously 

 tested pump/motor units of identical design, size, and horsepower as 
those to be furnished for each of the three phases.  Catalog curves are not 
acceptable.  Pump curves shall include head, input KW, and wire to water  
efficiency versus capacity and shall show the model, impeller, test date 
and customer.  Failure to provide acceptable data from previous testing 
will require  the pump manufacturer to provide individually certified pump 
test curves for the units to be provided 

 
1.5 Submittals: 
 
 A. The pump supplier, through the Contractor, shall submit for approval  
 six (6) sets of the pump manufacturers detailed drawings, technical 

specifications, curves, motor data, and other information necessary to 
confirm compliance with all sections of these specifications.  The submittal 
shall also include wiring schematics, layout drawings, bill of materials and 
component descriptive data for all control panels to be furnished.  Absence 
of data will be considered as non compliance and basis for disapproval.  Any 
exceptions to these specifications shall be specifically listed and described.  
Exceptions discovered after installation shall be cause for rejection. 

 
1.6 Operation and Maintenance: 
 
 A. The pump supplier shall furnish six (6) sets of complete operation 
  and maintenance instructions, pump curves, parts lists, wiring schematics 

and start up reports for the Contractor to include in the project O & M 
manuals. 
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1.7 Quality Assurance: 
 
 A. Single Source Responsibility:  The submersible pumps and  
 accessories shall be furnished by a single manufacturer who is fully 

experienced, reputable, and qualified in the manufacture of the submersible 
pumps to be furnished. 

 
 B. Manufacturer's Experience:  The manufacturer shall have experience  
  in the design, manufacturing, supplying and commissioning of the equipment 

of the  type specified for this project.  The equipment quoted shall be of a 
proven design and shall be referenced by at least five (5) installations of 
similar size, having been in successful operation for a period of not less than 
five (5) years. 

 
 C. Acceptable Manufacturers:  The submersible pumps shall be as 

manufactured by ITT Flygt Corporation, of Trumbull, Connecticut, or equal. 
  
PART 2 - PRODUCTS 
 
2.1 Pump Design 
 
 A. The submersible pumps shall be designed and constructed in accordance 

with normally accepted practice and methods. 
 
 B. The pumps shall be automatically and firmly connected to the discharge 

connection guided by no less than two guide bars extending from the top of 
the station, working platform or floor to the discharge connection. 

 
 
2.2 Pump Construction 
 
 A. Castings:  Major pump components shall be of close grained ASTM A-48, 

Class 35B, grey cast iron construction.  The castings shall be with smooth 
surfaces devoid of blow holes or other irregularities. 

 
 B. Volute:  The pump volute shall be single-piece grey cast iron, ASTM, A48 

Class 35, and of the non-concentric design with smooth passages large 
enough to pass any solids that may enter the impeller.  Minimum inlet and 
discharge size shall be as specified. 

 
 C. Impellers:  All impellers shall be gray cast iron, Class 35, dynamically 

balanced, double shrouded, long thrulet with no acute turns and capable of 
handling solids, fibrous material and other matter normally found in raw 
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domestic wastewater.  Mass moment of inertia calculations shall be provided 
by the manufacturer upon request.  Impellers shall be single vane with 
keyed and/or allen head bolt locking fit to the motor shaft.   All impellers shall 
be coated with alkyd resin primer.  

 
 D. Wear Ring:  A wear ring system shall be used to provide efficient sealing 

between the volute and impeller.  The wear ring system shall consist of a 
stationary ring made of nitrile rubber molded with a steel ring insert and drive 
fitted to the volute inlet and a rotating stainless steel wear ring shrink fitted to 
the impeller hub.  (Rotation ring is not required for pumps less than 15 HP) 

 
 E. Mechanical Seal:  Pump shall be provided with a mechanical seal system 

consisting of two totally independent seal assemblies operating in an oil 
chamber between the pump volute and motor chamber for seal lubrication 
and cooling.  The lower seal shall act as the primary unit to prevent entry of 
pumped liquid to the oil chamber.  The upper seal shall act as a secondary 
unit to prevent pumped liquid or oil from entering the motor stator.  The seal 
system shall allow continuous pump operation with the pump and motor 
exterior totally dry and shall not be dependent on pumped liquid for cooling. 

 
  Each seal unit shall consist of a positive driven rotating ring, a stationary ring 

and an independent spring to maintain interface contact.  The seal 
assemblies shall not require maintenance or adjustment shall be easily 
inspected, shall be separately replaceable and shall not be dependent on 
operating pressure differential for proper sealing.  Conventional or cartridge 
type double mechanical seals utilizing a common spring system shall not be 
acceptable.  Shaft seals without positively driven rotating members or 
systems requiring a pressure differential to offset external pressure and to 
effect sealing shall not be accepted. 

 
  The lower seal for all pumps shall have tungsten carbide rotting and 

stationary rings.  The upper seal for pumps 20 hp and larger shall also have 
tungsten carbide rotating and stationary rings.  For pumps smaller than 20 
HP, the upper seal may be furnished with a tungsten carbide stationary ring 
and a carbon-rotating ring.  Ceramic seal faces are not acceptable. 

 
  The pump/motor housing shall be designed to allow simple access for seal 

inspection.  Pumps 20 hp and larger shall be equipped with tapped plugs to 
allow inspection for leakage in the oil housing and motor stator housing 
without pump disassembly.  Separate oil chamber drain plugs shall also be 
provided.  Oil shall be FDA approved, environmentally friendly, white paraffin 
based lubricant. 

 
 F. Shaft:  Pump shafts shall be single piece extending through the pump and 

motor.  Extension couplings shall not be acceptable.  Pumps designed such 
that the shaft is not exposed to pumped liquid may utilize C1034 carbon 
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steel shaft material.  If any portion of the shaft is exposed to pumped liquid, 
the entire shaft material shall be 431 stainless steel.  Shaft sleeves of 
dissimilar metals shall not be used. 

 
 G. Fasteners:  All exposed nuts or bolts shall be AISI type 304 stainless steel.  

All exterior metal surfaces coming into contact with the pumpage, shall be 
protected by a factory applied spray coating of alkyd primer and a synthetic 
resin enamel finish. 

 
 H. O-rings:  All O-rings shall be of Nitrile Rubber. 
 
 I. Lifting handle:  The lifting handle shall be of galvanized steel. 
 
 J. Cooling System:  Motors shall be capable of being sufficiently cooled by the 

surrounding environment or pumped media without requiring a water cooling 
jacket. 

 
 K. Bearings:  Bearings shall be equipped with permanently lubricated bearings 

with a system B-10 life of 40,000 hours.  Upper bearings shall be single row 
deep groove ball or roller bearing.  Lower bearings for pumps 60 hp and 
smaller shall be double row angular contact ball bearings. 

 
 L. Guide Bracket:  A sliding guide bracket shall be provided as an integral part 

of the pump unit and shall be bolted to a machined surface on the volute.  
Bracket design shall allow raising and lowering the pump without binding o 
the bracket and guide bars.  When lowered into place, the guide bracket 
shall connect to a machined lip on the discharge connection to automatically 
align pump and discharge connections and support the total pump weight.  
No adjustments shall be necessary for assuring proper alignment and no 
supplemental fasteners, clamps, spool pieces, gaskets or devices of any 
kind other than bolting to the pump volute shall be required.  The guide 
bracket shall be Class 35 cast iron with the same protective coating as the 
pump. 

 
 M. Discharge Connection:  A discharge connection shall be provided as an 

integral part of the pump assembly and shall be Class 35 gray cast iron with 
the same protective coating as the pump.  The discharge connection shall 
be permanently anchored to the wet well floor.  A 125 psi ASA  flange shall 
be provided for connection to discharge piping.  Minimum discharge flange 
diameter shall be as indicated below and in the Plans.  The connection inlet 
shall be tapered and machined to receive, and provide a metal-to-metal seal 
with the pump volute discharge flange.  O-rings, diaphragms or seat rings 
of dissimilar metal shall not be required and will not be accepted as 
equal to a machined, cast iron, metal fit.  Integrally cast bosses shall be 
provided on the discharge connection to receive, support and permanently 
align the guide bars.  Discharge connections design shall allow total support 
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of the pump guide bars and discharge piping, and no more than one 90 
degree turn shall be allowed between he connection inlet and discharge. 

 
 N. Pump Connection to Discharge Piping:  Installation of the pump unit to the 

discharge connection shall be the result of a simple linear downward motion 
of the pump unit guided by no less than two guide bars.  No other motion of 
the pump unit, such as tilting or rotating shall be required.  No portion of the 
pump unit, including legs or supplemental attachments, shall bear directly on 
the floor of the wet pit. 

 
2.3 Motor 
 
 A. Construction:  Pump motors shall be NEMA Design B squirrel-cage 

induction type with the stator and rotor housed in an air-filled watertight 
chamber.  Motors 40 hp and smaller shall be dual voltage suitable for 
operation with 230 or 460 volt, three phase power.  The stator winding, 
stator leads and insulating paper shall be moisture resistant NEMA Class F 
and shall be dipped and baked a minimum of three times in Class F varnish 
for a total temperature rating of 155C.  The stator unit shall be heat-shrink 
fitted into the stator housing.  Use of bolts, pins, or other fastening devices 
requiring penetration of the stator housing shall not be acceptable.  The rotor 
bars and short circuit rings shall be of aluminum.  The motor shall be 
designed for continuous duty in 40C ambient air and capable of fifteen (15) 
starts per hour.  Thermal switches embedded in the stator windings shall be 
used to monitor stator temperature.  The switches shall be normally closed 
and set to open at 125 C.  Automatic reclosing shall occur when stator 
temperature cools  to 95C.  Motors 10 hp and smaller shall be air cooled.  
Motors 15 hp and larger shall be equipped with an internal water jacket 
which encircles the stator housing and utilizes circulation of the pumped 
liquid.  Cooling water channels and ports shall be non-clogging by virtue of 
their dimensions.  Cooling systems requiring separate source cooling water 
will not be acceptable. 

 
 B. Power Cable Entry & Connection:  The power cable entry seal design shall 

preclude specific torque requirements to insure a watertight seal and shall 
allow simple, field changing of power cables without affecting pump or motor 
warranty.  The cable entry assembly shall consist of seal flange designed 
and machined to provide precise compression of a single, cylindrical, 
elastomer grommet flanked by stainless steel washers all having a close 
tolerance fit against the outside diameter of the cable and the inside 
diameter of the entry body.  The sealing flange shall bolt to a machined 
surface on the pump and the compression washer shall bear against a 
machine shoulder in the entry body.  Compression by the entry body shall 
provide a strain relief function separate from the cable sealing function. 
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  A separate junction chamber shall be provided inside the pump for 
connection of power cable to stator leads.  The junction chamber shall be 
sealed by a nonmetallic plate, or terminal board, bolted to a machined 
surface and utilizing an o-ring to obtain a watertight seal.  Penetrations of the 
sealing plate or terminal board for stator leads shall be separately sealed to 
prevent moisture or contamination that might enter through the cable, cable 
entry or during field change of cables from entering the motor stator housing.  
Pumps 20 hp and larger shall be furnished with threaded, compression type 
binding posts mounted in a terminal board.  Pumps 10 hp and smaller shall  
have screwed compression type terminal strips.  All pumps 40 hp and less 
shall be capable of field reconnection for operation with 230 or 460 volt three 
phase power. 

 
 C. Power Cable: All pump power cables shall be multi-conductor externally 

jacked with oil resistant chloroprene rubber.  Internal individual conductor 
insulation shall be ethylene propylene rubber (DuPont Nordel) and shall b 
color coded to identify each power and control lead.  Conductor sizing shall 
comply with N.E.C. requirements and cables for pumps 40 hp and smaller 
shall be suitably sized for operation with 230 or 460 volt power.  Power 
cables shall comply with N.E.C. requirements for portable use in Class II 
hazardous areas.  The cable shall be specifically designed for submersible 
pump service and shall be identified as such by external marking as type 
SPC (Submersible Pump Cable). 

 
2.4 Accessories 
 
 A. General:  The pump manufacturer shall furnish all station hardware and 

accessories for use with the pumps furnished or for any future requirements 
or revisions as may be indicated in the Plans or other sections of the 
Contract Specifications.  All items furnished shall be guaranteed suitable for 
the intended use and shall be warranted against defective workmanship, 
materials and excessive corrosion for a period of one year after final 
acceptance by the Owner.  All fabricated items inside the wet well shall be 
stainless steel or aluminum as indicated below.  In no case shall any steel 
other than 300 Series stainless be used for any fabricated item installed 
below the normal operating water level. 

 
 B. Access Covers:  To insure compatibility, all access covers in structures 

containing submersible pumps shall be provided by the supplier of the 
submersible pumps.  The access frame and cover shall have ¼” thick one 
piece, mill finish, extruded aluminum channel frame, incorporating a 
continuous concrete anchor.  Door panels shall be ¼” aluminum diamond 
plate, reinforced to withstand a live load of 300 lb/sf.  Doors shall open to 90 
degrees and automatically lock with a stainless steel hold open arm with an 
aluminum release handle.  The aluminum access cover shall have a built in 
neoprene cushion/gasket to provide a “watertight seal.”  When closed, doors 
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shall be flush with the frame and equipped for padlocking.  Lifting handle, 
hinges and all fastening hardware shall be stainless steel.  Unit shall be 
guaranteed against defects in material and/or workmanship for a period of 5 
years. 

 
 C. Guide Bars:  The guide system shall consist of no less than two bars.  Each 

bar shall be standard Schedule 40 wall thickness pipe to assure future 
availability for replacement.  Guide bars shall be 2 inch for pumps 2 hp and 
smaller unless otherwise indicated on the Plans.  Guide bars spanning 20 
feet or less between upper and lower supports shall not require intermediate 
bracing.  Guide bar material shall e stainless steel, type 304. 

 
 D. Guide Bar Supports & Brackets:  Lower guide bar supports shall be male 

bosses integrally cast as part of the discharge connection to assure 
permanent and non-adjustable alignment of the pump and guide bars.  
Upper guide bar support shall be bolted to the access opening concrete or 
cover frame as indicated on the plans. 

 
  Intermediate supports, when required, shall be bolted to the station 

discharge pipe at a point not less than half the distance between the station 
floor and top deck.  The guide bar support system shall allow removal and 
replacement of guide bars without intermediate supports, and the upper 
section of bars with intermediate supports, without need to enter the wet 
well.  A guide bar supports shall utilize male bosses and not sockets which 
might ill with debris.  Upper and intermediate brackets shall be fabricated of 
304 stainless steel.  In addition to provisions for guide bar support, upper 
brackets shall be furnished with hooks for hanging the pump lifting device 
and power cable support. 

 
 E. Float Cable Racks:  Level sensor floats shall be suspended in the wet well 

from a cable rack as indicated on the Plans.  Each rack shall be provided 
with six, 3/16 inch diameter hooks over which the level sensor cables shall 
be looped.  The cable rack shall be 304 stainless steel. 

 
 F. Power Cable Supports: A stainless steel, or nonmetallic cable grip shall be 

provided for each pump power or pilot cable.  The grip shall have a loop on 
one end which will hang from a hook provided on the upper guide bar 
bracket. 

 
 G. Hardware: All nuts, bolts, washers, anchor bolts, or any attachment 

hardware used inside the wet well shall be 304 stainless steel. 
 
 H. Lifting Assembly: Each pump shall be provided with a lifting chain or cable 

as indicated on the Plans.  Lifting chain and attachment hardware shall be 
304 or 316 stainless steel and shall provide a minimum system working load 
rating of 150% pump weight.  Lifting cables shall be 316 stainless steel, 
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plastic coated and shall provide a system minimum working load rating of 
200% pump weight. 

 
PART 3 - EXECUTION 
 
3.1 Installation and Field Testing: 
 
 A. After the pumps have been completely installed and wired, the Contractor 

shall remove the pumps to the wet pit top deck and an authorized service 
representative of the pump manufacturer shall inspect each pump for proper 
installation.  As part of this inspection, the manufacturer’s service 
representative shall: 

 
   Megger stator and power cable 
   Measure and record stator and power cable resistance 
   Check for proper rotation 
   Check power supply voltage 
   Measure motor no load current 
   Check level control operation, and sequence 
 
  During this initial inspection, the manufacturer’s service representative shall 

review recommended operation and maintenance procedure and warranty 
with the Owner’s personnel. 

 
3.2 Initial Operation: 
 

A. After initial inspection, the Contractor shall lower the pumps into place in the 
wet pit and provide water for an initial operation check.  The manufacturer’s 
service representative shall supervise lowering and connection of the pumps 
to the discharge connection confirming proper guide bar and discharge 
connection alignment.  The service representative shall then perform an 
initial operation check of each pump including: 

   Motor current in each phase 
   Supply voltage with one and two pumps running 
   Vibration 

 Discharge connection seating 
 
3.3 Operating Test: 
 

A. On request by the Engineer, all pumps shall be subject the following test as  
 proof of design. These shall be performed by the Contractor and as directed 

by an authorized engineer of the pump manufacturer. 
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3.5 Run Dry: 
 

A. Discharge piping shall be disconnected to allow recirculation of water  
through the pump and back to the wet well.  Liquid level shall be maintained 
at the pump volute top with the motor totally dry.  Test period shall be up to 
24 hours as directed by the Engineer. 

 
3.6 Report: 
 

A. On completion of initial inspection and operation checks, the pump 
manufacturer shall furnish the Engineer with a written report of findings and 
data  determined with regard to the pumps, motors, accessories, level 
control and electrical protection devices.  This report shall bear the stamp of 
a Registered Professional Engineer employed or retained by the pump 
supplier to indicate engineering review and approval of field test data.  A 
copy of the report shall be included in the operation and maintenance 
manuals. 

  
 
 *** END OF SECTION *** 
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SECTION 15202 
 

PROCESS VALVES AND OPERATORS 
 
 
PART 1 GENERAL 

1.1 REFERENCES 

A. The following is a list of standards, which may be referenced in this 
section: 

1. American National Standards Institute (ANSI): 
a. B16.1, Cast Iron Pipe Flanges and Flanged Fittings. 
b. C111/A21.11, Rubber-Gasket Joints for Ductile-Iron Pressure 

Pipe and Fittings. 
2. American Society of Sanitary Engineers (ASSE): 1011, Performance 

Requirements for Hose Connection Vacuum Breakers. 
3. American Water Works Association (AWWA): 

a. C500, Metal-Seated Gate Valves for Water Supply Service. 
b. C504, Rubber-Seated Butterfly Valves. 
c. C508, Swing-Check Valves for Waterworks Service, 2 in. (50 

mm) through 24 in. (600 mm) NPS. 
d. C509, Resilient-Seated Gate Valves for Water Supply Service. 
e. C510, Double Check Valve, Backflow Prevention Assembly. 
f. C511, Reduced-Pressure Principle Backflow Prevention 

Assembly. 
g. C540, Power-Actuating Devices for Valves and Sluice Gates. 
h. C550, Protective Epoxy Interior Coatings for Valves and 

Hydrants. 
i. C606, Grooved and Shouldered Joints. 
j. C800, Underground Service Line Valves and Fittings. 

4. ASTM International (ASTM): 
a. A276, Standard Specification for Stainless Steel Bars and 

Shapes. 
b. A351/A351M, Standard Specification for Castings, Austenitic, 

Austenitic-Ferric (Duplex), for Pressure-Containing Parts. 
c. A564/A564M, Standard Specification for Hot-Rolled and 

Cold-Finished Age-Hardening Stainless Steel Bars and 
Shapes. 

d. B61, Standard Specification for Steam or Valve Bronze 
Castings. 

e. B62, Standard Specification for Composition Bronze or Ounce 
Metal Castings. 

f. B98/B98M, Standard Specification for Copper-Silicon Alloy 
Rod, Bar, and Shapes. 

g. B127, Standard Specification for Nickel-Copper Alloy (UNS 
N04400) Plate, Sheet, and Strip. 
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h. B139, Standard Specification for Phosphor Bronze Rod, Bar 
and Shapes. 

i. B164, Standard Specification for Nickel-Copper Alloy Rod, Bar, 
and Wire. 

j. B194, Standard Specification for Copper-Beryllium Alloy Plate, 
Sheet, Strip, and Rolled Bar. 

k. B584, Standard Specification for Copper Alloy Sand Castings 
for General Applications. 

l. D429, Standard Test Methods for Rubber Property-Adhesion to 
Rigid Substrates. 

m. D1784, Standard Specification for Rigid Poly (Vinyl Chloride) 
(PVC) Compounds and Chlorinated Poly (Vinyl Chloride) 
(CPVC) Compounds. 

5. Manufacturers Standardization Society (MSS): 
a. SP-81, Stainless Steel, Bonnetless, Flanged Knife Gate Valves. 
b. SP-88, Diaphragm Type Valves. 

6. NSF International (NSF). 

1.2 SUBMITTALS 

A. 15202-1 Valve Submittals:  Provide the following for each type valve and 
operator specified: 

1. Product data sheets for make and model. 
2. Complete catalog information, descriptive literature, specifications, 

and identification of materials of construction. 
3. Tests and inspection data. 
4. Manufacturers’ Certificate of Proper Installation. 
5. Operation and Maintenance data and instructions. 

PART 2 PRODUCTS 

2.1 GENERAL 

A. All buried valves shall be wrapped in two (2) layers of 8-mil Polyethylene 
Encasement and backfilled with sand. 

B. All valves to include operator, actuator, handwheel, chain wheel, 
extension stem, floor stand, worm and gear operator, operating nut, chain, 
wrench, and accessories for a complete operation as specified. 

C. Valve to be suitable for intended service.  Renewable parts not to be of a 
lower quality than specified. 

D. Valve same size as adjoining pipe. 

E. Valve ends to suit adjacent piping. 

F. Size operator to operate valve for the full range of pressures and 
velocities. 
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G. Valve to open by turning counterclockwise. 

H. Factory mount operator, actuator, and accessories. 

2.2 SCHEDULE 

A. Valve Schedule located on the Drawings. 

2.3 MATERIALS 

A. Bronze and brass valve components and accessories that have surfaces 
in contact with water to be alloys containing less than 16 percent zinc and 
2 percent aluminum. 

1. Approved alloys are of the following ASTM designations: B61, B62, 
B98/B98M (Alloy UNS No.  C65100, C65500, or C66100), B139 
(Alloy UNS No.  C51000), B584 (Alloy UNS No.  C90300 or 
C94700), B164, B194, and B127. 

2. Stainless steel Alloy 18-8 may be substituted for bronze. 

2.4 FACTORY FINISHING 

A. Epoxy Lining and Coating: 

1. Use where specified for individual valves described herein. 
2. In accordance with AWWA C550 unless otherwise specified. 
3. Either two-part liquid material or heat-activated (fusion) material 

except only heat-activated material if specified as “fusion” or “fusion 
bonded” epoxy. 

4. Minimum 7-mil dry film thickness except where limited by valve 
operating tolerances. 

B. Exposed Valves: 

1. In accordance with Section 09901, CLEANING AND PAINTING. 
2. Safety isolation valves and lockout valves with handles, handwheels, 

or chain wheels “safety yellow.” 

2.5 VALVES 

A. Gate Valves: 

1. Type V132 Resilient Wedge Seated Gate Valve, 4 Inches to 12 
Inches, for Buried Service:  
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a. Ductile iron body, resilient seat, bronze mounted, mechanical 
joint ends, nonrising stem, in accordance with AWWA C515, 2-
inch operating nut, design working water pressure 250 psig, full 
port, fusion epoxy coated inside and outside per AWWA C550, 
NSF Standard 61 certified. 

b. Manufacturers and Products: 
1. Mueller Company, 2360 Series or approved equal. 

B. Self-Contained Automatic Valves: 

1. Type V711 Pressure-Reducing Valve 2 Inches and Smaller: 
a. Direct diaphragm, spring controlled, cast iron body, spring 

case, composition seat and diaphragm, stainless steel valve 
stem. 

b. Size/Rating: ¾ inch, inlet pressure of 200 psig, outlet pressure 
set at 80 psig. 

c. Manufacturer and Product: Fisher; 95 Series. 
2. Type V716 Pressure-Reducing Valve 3 Inches and Larger: 

a. Hydraulically operated, diaphragm actuated, pilot controlled 
globe valve, cast iron, ductile iron, or steel body, rated 175 psi, 
ANSI B16.1 flanged ends, bronze or stainless steel trim, 
stainless steel stem, externally mounted strainers with cocks, 
and maintain a constant downstream pressure while 
maintaining a minimum upstream pressure. 

b. FDA approved fusion bonded epoxy lining and coating installed 
in accordance with AWWA C550. 

c. Size/Rating: 
1) 8 inch, maximum of 3,100 gpm, with inlet pressure of 130 

psig.  Outlet pressure set at 80 psig. 
2) 6 inch, maximum of 1,800 gpm, with inlet pressure of 130 

psig.  Outlet pressure set at 80 psig. 
3) 4 inch, maximum of 800 gpm, with inlet pressure of 130 

psig.  Outlet pressure set at 80 psig. 
d. Manufacturers and Products: 

1) Cla-Val; 90-01 Series. 
2) Or approved equal. 

3. Type V730 Pressure-Relief Valve 2 Inches and Smaller: 
a. Direct diaphragm, spring controlled, cast iron body, spring 

case, nitrile seat, neoprene diaphragm, stainless steel valve 
stem. 

b. Capable of opening when upstream pressure reaches a 
maximum set point. 

c. Size/Rating: ¾ inch, with inlet pressure of 80 psig, outlet 
pressure set at 90 psig. 

d. Manufacturer and Product: Fisher; 98 Series. 
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4. Type V746 Combination Air Release Valve 1 Inch to 12 Inches: 
a. Suitable for water service, combines the operating features of 

both an air and vacuum valve and air release valve.  Air and 
vacuum portion to automatically exhaust air during filling of 
system and allow air to re-enter during draining or when 
vacuum occurs.  The air release portion to automatically 
exhaust entrained air that accumulates in system.  Valves 
furnished under this section shall be NSF 61 certified, and the 
valve manufacturer shall be ISO 9002 certified. 

b. Rated 250 psi working pressure, NSF 61 certified epoxy coated 
inside and out, cast iron, ductile iron, or semi-steel body, cover 
with stainless steel float and trim. 

c. The air release valve mounted on the air and vacuum valve 
shall include self-cleaning mechanism. 

d. Where indicated by the design engineer, 2 inches and larger 
equipped with anti-slam device to throttle flow of air through 
valve.  Design anti-slam device to permit full-unrestricted flow 
of air into air valve, but reduce exhaust airflow. 

e. Any necessary modifications to valve to be made by 
manufacturer.  Field modifications of air release mount not 
allowed unless directed by the Engineer or his representative 
and in accordance with the written instructions and procedures 
of the manufacturer. 

f. 2 inches and larger flanged inlet, NPT outlet on air and vacuum 
valve. 

g. Manufacturers and Products: 
1) A.R.I. Flow Control Accessories, Model D-060C HF NS. 
2) Or equal. 

2.6 OPERATORS 

A. Manual Operator: 

1. General: 
a. Operator force not to exceed 40 pounds under any operating 

condition, including initial breakaway.  Gear reduction operator 
when force exceeds 40 pounds. 

b. Operator self-locking type or equipped with self-locking device. 
c. Position indicator on quarter-turn valves. 
d. Worm and gear operators one-piece design worm-gears of 

gear bronze material.  Worm hardened alloy steel with thread 
ground and polished.  Traveling nut type operators threader 
steel reach rods with internally threaded bronze or ductile iron 
nut. 
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2. Buried Operator: 
a. Buried service operators on valves larger than 2-½ inches shall 

have a 2-inch AWWA operating nut.  Buried operators on 
valves 2 inches and smaller shall have cross handle for 
operation by forked key.  Enclose moving parts of valve and 
operator in housing to prevent contact with the soil. 

b. Design buried service operators for quarter-turn valves to 
withstand 450 foot-pounds of input torque at the FULLY OPEN 
or FULLY CLOSED positions, grease packed and gasketed to 
withstand a submersion in water to 10 psi. 

c. Buried valves shall have extension stems, bonnets, and valve 
boxes. 

2.7 ACCESSORIES 

A. T-Handled Operating Wrench: 

1. 1 each galvanized operating wrenches, 4 feet long. 
2. Manufacturers and Products: 

a. Mueller; No. A-24610. 
b. Clow No.; F-2520. 

B. Extension Bonnet for Valve Operator: Complete with enclosed stem, 
extension, support brackets, and accessories for valve and operator. 

1. Manufacturers and Products: 
a. Pratt. 
b. DeZurik. 

C. Cast Iron Valve Box: Designed for traffic loads, sliding type, with minimum 
of 6-inch ID shaft. 

1. Box: Cast iron with minimum depth of 9 inches. 
2. Lid: Cast iron, minimum depth 3 inches, marked WATER. 
3. Extensions: Cast iron, ABS, or PVC pipe. 

D. Concrete Valve Box: Designed for traffic loads, sliding type, with minimum 
of 8-inch ID shaft. 

1. Box: Concrete, minimum depth 12 inches, cast iron ring seat. 
2. Lid: Cast iron, minimum depth 3 inches, marked WATER. 
3. Extensions: ABS, PVC, or cast iron pipe. 
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PART 3 EXECUTION 

3.1 INSTALLATION 

A. Flange Ends: 

1. Flanged valve boltholes shall straddle vertical centerline of pipe. 
2. Clean-flanged faces, insert gasket and bolts, and tighten nuts 

progressively and uniformly. 

B. Screwed Ends: 

1. Clean threads by wire brushing or swabbing. 
2. Apply joint compound. 

C. PVC and CPVC Valves: Install using solvents approved for valve service 
conditions. 

D. Valve Installation and Orientation: 

1. General: 
a. Install valves so handles operate from fully open to fully closed 

without encountering obstructions. 
b. Install valves in location for easy access for routine operation 

and maintenance. 
c. Install valves per manufacturer’s recommendations. 

2. Gate, Globe, and Ball Valves: 
a. Install operating stem vertical when valve is installed in 

horizontal runs of pipe having centerline elevations 4 feet 6 
inches or less above finished floor, unless otherwise shown. 

b. Install operating stem horizontal in horizontal runs of pipe 
having centerline elevations greater than 4 feet 6 inches above 
finish floor, unless otherwise shown. 

 
E. Extension Stem for Operator: Where the depth of the valve is such that its 

centerline is more than 3 feet below grade, furnish an operating extension 
stem with 2-inch operating nut to bring the operating nut to a point 6 
inches below the surface of the ground and/or box cover. 

3.2 TESTS AND INSPECTION 

A. Valve may be either tested while testing pipelines, or as a separate step. 

B. Test that valves open and close smoothly under operating pressure 
conditions.  Test that two-way valves open and close smoothly under 
operating pressure conditions from both directions. 

C. Inspect air and vacuum valves as pipe is being filled to verify venting and 
seating is fully functional. 
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D. Count and record number of turns to open and close valve; account for 
any discrepancies with manufacturer’s data. 

E. Set, verify, and record set pressures for all relief and regulating valves. 

F. Automatic valves to be tested in conjunction with control system testing.  
Set all opening and closing speeds, limit switches, as required or 
recommended by the ENGINEER. 

G. Test hydrostatic relief valve seating; record leakage.  Adjust and retest to 
maximum leakage of 0.1 gpm per foot of seat periphery. 

3.3 MANUFACTURER’S SERVICES 

A. The valve(s) as listed below require manufacturer’s field services: 

1. V132, V716, V746. 

B. Manufacturer’s Representative: Present at site for minimum person-days 
listed below, travel time excluded: 

1. Five (5) person-days for installation assistance and inspection.  Note:  
A person-day shall include a minimum of seven (7) hours at the 
jobsite. 

2. Five (5) person-days for functional and performance testing and 
completion of Manufacturer’s Certificate of Proper Installation. 

3. If additional time is required to make valves function properly, the 
Manufacture’s Representative Services shall be provided at no 
additional cost to the OWNER or ENGINEER. 

 
 
 

*** END OF SECTION *** 
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Section 16000 – General 

 

 1. General 

 

A. Power and Lighting Systems 

 

The work covered by this specification consists of furnishing all 

labor, supplies and materials, shop drawings and a list of make and 

catalog numbers of all equipment and materials to be installed and 

performing all operations, including installation of lighting 

fixtures, electrical equipment, cutting and patching, coordination 

with other trades on the job, etc., necessary for the installation of 

complete electrical systems as shown on the Drawings and 

hereinafter specified.  These specifications supplement the General 

Conditions and Specifications. 

 

B. Related Work 

 

1. Examination of the Site.  The Contractor shall thoroughly examine 

the site and satisfy himself as to the conditions under which the 

work is to be performed.  The Contractor shall verify at the site all 

measurements affecting his work and shall be responsible for the 

correctness of the same. No extra compensation will be allowed to 

the Contractor for expenses due to his neglect to examine or failure 

to discover conditions which affect his work.  No extra 

compensation will be allowed on account of differences between 

actual dimensions and those indicated on the drawings. 

 

C. The Agreement Forms:  General Conditions and Supplementary 

Conditions of the Specifications shall apply to the work specified 

in Division 16. 

 

D. Wiring:  Wire or cable installed in raceway with all required boxes, 

fittings, connectors and accessories, completely installed. 

 

E. Feeder:  Wiring to any device or equipment in which Number Six 

AWG Copper (#6 CU) or larger conductors are used. 

 

G. Power Wiring:  Wiring to any device or equipment served by a 

multi-pole breaker. 

 

 

2. Quality Assurance 
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A. Codes:  Comply with the latest edition of the National Electrical 

Code (NEC), National Fire Protection Association (NFPA) and 

any other authorities having jurisdiction (AHJ) over the work. 

 

B. Permits and Inspections:  Provide all permits required and obtain 

final inspection and approval from the Inspection Department 

having jurisdiction. 

 

C. Where different sections of any applicable codes specify different 

materials, methods of construction, or other requirements, the most 

restrictive shall govern. 

 

D. Standards for Material and Workmanship:  Use materials that are 

new and listed and labeled by Underwriters Laboratories (UL) as 

conforming to its standards, where such a standard has been 

established for the particular type of material in question.  Execute 

work in a workmanlike manner, to present a neat and mechanical 

appearance when completed. 

 

3. Substitution of Materials 

 

A. Include sufficient information, including manufacturer’s 

descriptive information, including manufacturer’s published data 

to establish contract compliance.  Submit samples if requested by 

Engineer. 

 

4. Drawings and Specifications 

 

A. The wiring layouts are schematic and do not necessary show the 

exact location of raceways, outlets, etc.  Refer to the Drawings for 

actual dimensions.  Fit work to conform to the details of building 

construction.  Coordinate all work to assure proper clearance. 

 

5. As-Built Drawings 

 

A. As work progresses, record on one (1) set of electrical prints all 

changes and deviations from the contract documents in size, 

locations and types of all materials and equipment.  Record final 

location of outlets, switches, starters, underground and exposed 

conduits, etc. to indicate the final installation.  Make sufficient 

measurements to locate all equipment and conduits.  Provide As-

Built Drawings. 

 

B. The Contractor shall prepare a typed panel directory for each panel 

utilized for this project.  The Directory shall identify the circuit 

number, devices served, and location of devices by room number.  
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He shall file them with the Facilities Manager when the work is 

complete. 

 

6. Maintenance Data 
 

A. Furnish and deliver to the Owner ten (10) copies of all data 

prepared by manufacturers, detailing operation and maintenance 

instruction for all equipment. 

 

7. Penetrations, Cutting and Patching 

 

A. Perform cutting and patching in accordance with the General and 

Supplementary Conditions of the contract. 

 

B. Provide all sleeves required for proper installation of work 

included in this section. 

 

C. Make all penetrations through walls at 90° angles.  Seal all 

penetrations at fire and smoke partitions with fire safing material.  

Seal all penetrations at sound walls with soundproofing material. 

 

8. Submittals 

 

A. Shop Drawings and Material Brochures.  Furnish six (6) sets of 

shop drawings and product data to the Engineer on the following 

materials: 

 

Panelboards and circuit breakers. 

Disconnect switches. 

Motor control center. 

Transformer. 

Raceways. 

Conductors. 

Mounting Hardware. 

Miscellaneous equipment. 

Starters. 

 

9. Cooperation 

 

A. The Contractor shall schedule his work, and in every possible, 

cooperate with all other trades in the job to avoid delays, 

interferences and unnecessary work.  He shall cooperate with them 

in providing for the installation of this work and coordinate with 

work of other trades to assure proper clearance of piping, 

ductwork, conduit, etc. when such is required. 
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10. Wiring Workmanship 

 

A. Run wiring in all branch circuit panel boards and terminal cabinets 

parallel or at right angles to the sides or top of the equipment 

housing. 

 

B. Group and harness conductors together using locking type cable 

ties.  Cable ties should be as manufactured by the PANDUIT 

CORPORATION or THOMAS AND BETTS. 

 

11. Storage Materials 

 

A. Keep the building and premises clean and clear of scrap materials 

at all times.  Store materials and equipment in designated storage 

areas. 

 

12. Ordering of Materials 

 

A. Order materials and equipment so as not to jeopardize progress of 

construction or completion date. 

 

13. Safety Precautions and Programs 

 

A. It shall be the duty and responsibility of the Contractor and all of 

its subcontractors to be familiar and comply with all requirements 

of Public Law 91-96, 29 U.S.C. SECS. 651, et. seq.  The 

Occupational Safety and Health Act of 1970 (OSHA), and all 

amendments thereto and to enforce and comply with all of the 

provisions of this act.  In addition, on projects in which trench 

excavation will exceed a depth of five feet (5’), the Contractor and 

all of its subcontractors shall comply with all requirements of 29 

C.F.R., SECS. 1926.652 and 1926.63, OSHA Safety and Health 

Standards. 

 

 14. Warranty 
 

A. Guarantee all work under this section for workmanship, labor and 

materials for a period of one (1) year from the date of acceptance 

by the Owner or his authorized representative. 

 

 

 

END OF SECTION 
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Section 16100 – Products and Execution 

 

1. Conduit. 

 

A. Except as otherwise noted, specified or required, install all wires 

used in this project in raceways.  Schedule 40 PVC for 

underground, galvanized rigid steel, ARC, IMC for above ground 

or outdoor. 

 

B. Install conduits continuous from outlet to outlet, from outlet to 

cabinet, junction box and pull box.  Secure conduits to all boxes, 

etc. in such a manner that each system will be electrically 

continuous from service to all outlets.  Terminate all conduit runs 

from cabinets and junction boxes in approved outlet boxes.  Install 

conduits as high as possible up against structure above.  Avoid 

routing conflicts with HVAC equipment/ductwork, sanitary waste, 

vent piping, and domestic water piping. 

 

C. Install a nylon pull wire (200 lb. Test) and tie ends in all conduit 

lines left empty for future use. 

 

D. Trapped or inaccessible junction boxes, outlets, etc. are not 

allowed. 

 

E. Generally, conceal all conduits unless otherwise directed or 

indicated on the Drawings. 

 

F. No bends permitted with a radius less than six (6) times the 

diameter of the conduit and not more than 90 degree. 

 

G. Provide junction boxes or pull boxes to avoid excessive runs or too 

many bends between outlets. 

 

H. Increase conduit sizes shown on the Plans as required to facilitate 

pulling of conductors. 

 

I. Run all conduits parallel to or at right angles to the building walls 

and support from walls or ceiling at intervals required by code with 

approved clamps or hangers. 

 

J. Install approved APPLETON, CROUSE HINDS, or O.Z. 

MANUFACTURING expansion fittings in all conduit runs which 

pass through expansion joints in the building.  Other methods to 

provide for this expansion must be approved by the Engineer. 

 

2. Wiring 
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A. Install wiring as follows: 

 

1. Feeders and Power Wiring.  Conductors in rigid galvanized 

steel conduit, ARC, IMC, when installed in dry location 

above grade. 

 

2. Banch Circuits.  Install conductors in conduit. 

 

B. Install all wiring in conduit.  Use only UL listed lubricant. 

 

C. Install conductors continuous from outlet to outlet and from outlet 

to junction box or pull box.  Install splices and joints carefully and 

securely to be mechanically and electrically solid with pressure 

type connectors.  Use 3M “SCOTCHLOCK” or IDEAL “WING 

NUT” or equal twist-on connectors for 10 AWG and smaller 

conductors. 

 

D. Connect conductors for lighting and receptacle circuits to the panel 

as detailed with color coded jacket.  Color code all wires with the 

type, size, make and voltage marked on it.  Color code wiring with 

the same color being used with its respective phase as follows, 

unless otherwise required by the local authority having 

jurisdiction. 

 

(Austin) 

120/240 Volt System 

Phase A – Black 

Phase B – Red 

Phase C – Blue 

Neutral – White 

Ground – Green 

120/208 Volt Systems 

Phase A – Red 

Phase B – Black 

Phase C – Blue 

Neutral – White 

Ground – Green 

480/277 Volt Systems 

Phase A – Brown 

Phase B – Yellow 

Phase C – Purple 

Neutral – Gray 

Ground – Green 

 

E. Branch circuit conductors shall not be smaller than 12 AWG.  

Increase the wire sizes up one (1) size wherever the run distance 

exceeds 200 feet. 

 

F. All wiring and cable including fiber optic, electrical, data, 

telecommunications, temperature controls, security, fire protection, 

etc. shall be run in conduit. 

 

3. Conductors. 

 

A. Copper of 98% conductivity. 

 

B. No. 10 and smaller:  Solid, THHN, 600V. 
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C. No. 8 and larger:  Stranded, THHN, 600V. 

 

D. Minimum size conductors used shall be No. 12 AWG for all 

applications except where specially noted otherwise (A.C. controls, 

etc.). 

 

E. Use wire and cable from one (1) manufacturer.  Deliver in the 

original wrapping bearing the UNDERWRITERS 

LABORATORIES (UL) Label. 

 

4. Outlets 
 

A. Use galvanized steel or cast type boxes at all outlets for lighting 

fixtures, wall switches, wall receptacles, etc. 

 

B. Securely attach outlet boxes for fixtures and devices to the building 

construction with expansion bolts. 

 

C. Flush mount all outlet boxes, regardless of wall or ceiling 

construction, unless they are specifically shown as being used with 

exposed conduit.  If surface mounted, use cast type as specified 

above.  Utility boxes are not allowed. 

 

5. Installation 
 

A. Install raceways exposed.  Support exposed raceways at intervals 

not exceeding ten feet (10’) with machine screws for metal 

construction and expansion bolts for concrete. 

 

B. Install the edges of all outlet boxes flush with the surface in which 

they are recessed.  Screw attach internal devices before attaching 

cover plate.  Do not use cover plates as a means of tightening the 

devices in place. 

 

6. Disconnect and Feeder Switches 

 

A. Type:  Heavy duty. 

 

B. Enclosure:  for outdoor, damp locations or exposed to the weather, 

use NEMA 3R, rain tight, except as otherwise noted. 

 

C. Disconnect switches:  Factory install provision for padlocking in 

either the “ON” or “OFF” position. 

 

7. Fuses 
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A. Fuses: use current limiting fuses BUSSMANN or approved equal. 

 

8. Labeling 
 

A. Label all panels, control points, switches, receptacles, and motors, 

as directed.  Identify panels by panel number.  Label switches, 

indicating the equipment which they control.  All labels shall be 

engraved.  Panel directories to be typed.  Coordinate all equipment 

numbering with Mechanical Contractor. 

 

9. Grounding 

 

A. Provide grounding for electrical system in accordance with the 

requirements of the National Electrical Code (NEC). 

 

10. Coverplates. 

 

A. Where wiring devices are flush mounted, install stainless steel 

cover plates. 

 

B. Where wiring devices are surface mounted, install formed steel 

cover plates with cadmium plating. 

 

C. Where weatherproof cover plates are required, meet UL “Wet 

Location Cover Closed” requirements.  Use cover plates that are 

hinged and gasketed with spring loaded closer.   

 

D. Install finished cover plates on all junction boxes, outlet boxes, 

sectional switch boxes, utility boxes, etc. 

 

E. Where more than one (1) device is indicated at a location, mount 

devices in combined section gang boxes, covered by a common 

plate. 

 

11. Receptacles 
 

A. Duplex Receptacles.  20 ampere, 125 volt, self or automatic 

grounding. 

 

B. Special mounting heights are noted on the Drawings.  Unless 

otherwise indicated on the electrical drawings, mount devices at 

the following heights above finished floor. 

 

1. Duplex Receptacles – 18” 

2. Wall Switches – 48” 
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3. Voice and Voice/Data Outlets – 18” 

 

 

 

END OF SECTION 



NEI – City of La Grulla  DIVISION 16 - ELECTRICAL 

General Electrical Notes 16200 - 1 

Section 16200 – General Electrical Notes 
 

1. All work shall be performed in accordance with the National Electrical 

Code, All City, County, and State Regulations, NFPA, ANSI, UL, IEEE, 

and the local code authority having jurisdiction.  The Electrical Contractor 

shall be responsible for all permits and inspections. 

 

2. All electricians shall be licensed by the appropriate city, state, or local 

code authority having jurisdiction. 

 

3. The Electrical Contractor shall follow all OSHA and Owner safety rules as 

required to work on this site. 

 

4. The Electrical Contractor shall keep a record set of drawings on the job 

site at all times.  At the completion of the project, the Electrical Contractor 

shall turn in one set of as-built drawings and 10 sets of operations and 

maintenance manuals. 

 

5. All installations shall be done in a neat and workmanlike manner. 

 

6. All power outages shall be performed during non-business hours.  

Coordinate all power outages with the Owner.  Notify the Owner in 

writing 10 days prior to scheduling any power outages. 

 

7. All conduits shall be installed perpendicular or parallel to walls. 

 

8. All raceways shall contain a grounding conductor. 

 

9. Install metallic warning tape in all trenches. 

 

10. Minimum size conduit shall be 3/4".  All underground conduits shall be 

Schedule 40 PVC.  All exterior conduits shall be galvanized rigid steel, 

ARC, or IMC.  All underground elbows shall be PVC coated rigid steel.  

All galvanized rigid steel conduit shall be wrapped 6” above and below 

ground level using 3M 50. 

 

11. All conductors shall be copper, THHN, 600 Volt.  All Conductors No. 8 

and larger shall be marked as noted with 2 wide color tape 6’ from each 

termination point: 

 

 

A 

B 

C 

N 

G 

120/208 Volt 

Red 

Black 

Blue 

White 

Green 

277/480 Volt 

Yellow 

Brown 

Purple 

Gray 

Green 
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12. All switchgear shall be Square D or equal. 

 

13. The Electrical Contractor shall provide all temporary electrical power and 

lighting required for this project. 

 

14. All feeder conductors shall be tested using a megger.  All tests shall be 

witnessed and documented.  All test results shall be submitted to the 

Owner. 

 

15. The demolition drawings are diagrammatic in nature.  The Electrical 

Contractor shall be thoroughly familiar with the project scope of work 

prior to submitting their bid. 

 

16. The Electrical Contractor shall verify the electrical requirements of all 

Owner provided equipment and shall notify the Engineer immediately of 

any discrepancies. 

 

17. All panels, transformers, disconnect switches, starters, etc. shall be tagged 

using a phenolic type label.  The tag shall be permanently attached to the 

enclosure.  1/4" white letters on 3” x 5” tag.  All tags shall include the 

equipment name, fed from, and voltage. 

 

Panel LV 

Fed From: MSB, CKT. 1,3,5 

208/120 Volt 

 

18. The Electrical Contractor shall submit ten (10) copies of Product and 

Material Data Sheet for all switchgear, raceways, conductors, mounting 

hardware, building materials, etc. 

 

19. Provide factory authorized start-up for the soft starters. 

 

20. Provide Operation and Maintenance Manuals. 

 

 

 

END OF SECTION 
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Section 16235 – Engine Generator 

 

PACKAGE GENERATOR SET 25 KW and 40 KW 

 
1.1 General 

 

1.1.1 References and Standards 

The generator set covered by these specifications shall be designed, tested, rated, assembled 

and installed in strict accordance with all applicable standards below: 

• CSA C22.2 No14 

• CSA 282  

• CSA 100 

• EN61000-6  

• EN55011  

• FCC Part 15 Subpart B  

• ISO8528 

• IEC61000 

• UL508  

• UL2200 

• UL142 

• Designed to allow for installed compliance to NFPA 70, NFPA99 and NFPA 110 

  

1.2 Related Sections 

 

1.2.1 Division 3 - Concrete 

 

1.2.2 Division 15 - Mechanical 

 

1.3 Work Included 

 

1.3.1 Installation 

The work includes supplying and installing a complete integrated generator system.  The 

system consists of a diesel generator set with related component accessories and automatic 

transfer switches specified under a separate section. 

 

1.3.2 Fuel System 

The CONTRACTOR shall provide a full tank of diesel fuel for the completion of all testing. 

 

1.3.3 System Test 

A complete system load test shall be performed after all equipment is installed.  Guidelines in 

the Start-up Section. 

 

1.3.4 Requirements, Codes and Regulations 

The equipment supplied and installed shall meet the requirements of the NEC and all 

applicable local codes and regulations.  All equipment shall be of new and current production 

by a MANUFACTURER who has 25 years of experience building this type of equipment.  
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Manufacturer shall be ISO9001 certified. 

 

1.3.5 APPROVED MANUFACTURES 
 

A. The standby diesel generator shall be supplied by: 

 

• GENERAC POWER SYSTEMS® 

• HOLT - CATERPILLAR® 

• KAITOLIGHT® 

• CUMMINS® 

 

Or by alternate manufactures who shall submit a request one week prior to bid and 

include a written list of deviations from this specification to be considered for approval. 

 

1.4 Substitution 

 

Proposed deviations from the specifications shall be treated as follows: 

 

1.4.1 Substitution Time Requirement 

Requests for substitutions shall be made a minimum of ten (10) days prior to bid date.  

Manufacturers catalog data shall accompany each request and authorized acceptance shall be 

addenda only. 

 

1.4.2 Substitution Responsibility 

The power system has been designed to the specified manufacturer's electrical and physical 

characteristics. The equipment sizing, spacing, amounts, electrical wiring, ventilation 

equipment, fuel and exhaust components have all been sized and designed around 

CATERPILLAR supplied equipment.  Should any substitutions be made, the 

CONTRACTOR shall bear responsibility for the installation, coordination and operation of 

the system as well as any engineering and redesign costs, which may result from such 

substitutions. 

 

1.5 Submittals 

 

Engine-generator submittals shall include the following information: 
1. Factory published specification sheet. 

2. Manufacturer's catalog cut sheets of all auxiliary components such as battery charger, 

control panel, enclosure, etc. 

3. Dimensional elevation and layout drawings of the generator set, enclosure and transfer 

switchgear and related accessories. 

4. Weights of all equipment. 

5. Concrete pad recommendation, layout and stub-up locations of electrical and fuel 

systems. 

6. Interconnect wiring diagram of complete emergency system, including generator, 

switchgear, day tank, remote pumps, battery charger, control panel, and remote alarm 

indications. 
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7. Engine mechanical data, including heat rejection, exhaust gas flows, combustion air 

and ventilation air flows, fuel consumption, etc. 

8. Generator electrical data including temperature and insulation data, cooling 

requirements, excitation ratings, voltage regulation, voltage regulator, efficiencies, 

waveform distortion and telephone influence factor. 

9. Generator resistances, reactances and time constants. 

10. Generator locked rotor motor starting curves. 

11. Manufacturer's and dealer's written warranty. 

 

1.7 System Responsibility 

 

1.7.1 Generator Set Distributor 

The completed engine generator set shall be supplied by the Manufacturer's authorized 

distributor only. 

 

1.7.2 Requirements, Codes and Regulations 

The equipment supplied and installed shall meet the requirements of NEC and all-applicable 

local codes and regulations.  All equipment shall be new, of current production.  There shall 

be one source responsibility for warranty; parts and service through a local representative with 

factory trained service personnel. 

 

1.7.3 Automatic Transfer Switch 

The automatic transfer switch(es) specified in another section shall be supplied by the 

generator set manufacturer in order to establish and maintain a single source of system 

responsibility and coordination. 

 

1.8 Warranty 

 

1.8.1  Two Year Standby (ISO 8528-1: ESP)  Generator Set Warranty   

The manufacturer's standard warranty shall in no event be for a period of less than two (2) years 

from date of initial start-up of the system and shall include repair parts, labor, reasonable travel 

expense necessary for repairs at the job site, and expendables (lubricating oil, filters, antifreeze, 

and other service items made unusable by the defect) used during the course of repair.  Running 

hours shall be limited to 500 hours annually for the system warranty by both the manufacturer 

and servicing distributor.  Submittals received without written warranties as specified will be 

rejected in their entirety. 

 

1.9 Parts and Service Qualifications 

 

1.9.1 Service Facility 

The engine-generator supplier shall maintain 24-hour parts and service capability within 100 

miles of the project site.  The distributor shall stock parts as needed to support the generator 

set package for this specific project.  The supplier must carry sufficient inventory to cover no 

less than 80% parts service within 24hrs and 95% within 48 hours.   

 

1.9.2 Service Personnel 
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The dealer shall maintain qualified factory trained service personnel. 

 

2 Product Specifications 

 

2.1 General Requirements 

 

2.1.1 Genset Requirements 

The generator set shall be Standby Duty rated at 25.0 ekW, 31.3 kVA, N/A RPM, 0.8 power 

factor, 480 V, 3-Phase, 60 hertz, including radiator fan and all parasitic loads.  Generator set 

shall be sized to operate at the specified load at a maximum ambient of 115F (46.1C) and 

altitude of 1,000.0 feet (304.8 m).   

 

Emergency Standby Power (ESP) as defined by the following: 

Typical Load Factor = 70% of ESP rating with variable load 

Typical Hours per Year = 50 hours 

Maximum Expected Usage = 200 hours/year 

Standby Rating as defined by the following: 

Typical Load Factor = 70% of standby power rating with variable load 

Typical Hours per Year = 200 hours 

Maximum Expected Usage = 500 hours/year 

 

2.1.2 Material and Parts 

All materials and parts comprising the unit shall be new and unused. 

 

2.1.3 Engine 

The engine shall be diesel fueled, four (4) cycle, water-cooled, while operating with nominal 

speed not exceeding 1800 RPM. The engine will utilize in-cylinder combustion technology, as 

required, to meet applicable EPA non-road mobile regulations and/or the EPA NSPS rule for 

stationary reciprocating compression ignition engines.  Additionally, the engine shall comply 

with the State Emission regulations at the time of installation/commissioning.  Actual engine 

emissions values must be in compliance with applicable EPA emissions standards per ISO 8178 

– D2 Emissions Cycle at specified ekW / bHP rating.  Utilization of the “Transition Program for 

Equipment Manufacturers” (also known as “Flex Credits”) to achieve EPA certification is not 

acceptable.  The in-cylinder engine technology must not permit unfiltered exhaust gas to be 

introduced into the combustion cylinder.  Emissions requirements / certifications of this package: 

EPA T2 

 

2.1.3.1 Engine Governing 

 

The engine will be equipped with an isochronous electronic governor to maintain +/- 0.25% 

steady state frequency variation from steady state no load to steady state full load. 

 

2.2 Generator 

 

2.2.1 Generator Specifications 
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The synchronous generator shall be a single bearing, self-ventilated, drip-proof design in 

accordance with NEMA MG 1 and directly connected to the engine flywheel housing with a flex 

coupling.  The generator shall meet performance class G3 of IEC.  The excitation system shall be 

of brushless construction.   

 

2.2.2 Voltage Regulator 

 

2.2.2.1 Automatic Voltage Regulator 

The automatic voltage regulator (AVR) shall maintain generator output voltage within +/- 

0.5% for any constant load between no load and full load.  The regulator shall be a totally 

solid state design, which includes electronic voltage buildup, volts per Hertz regulation, over-

excitation protection, shall limit voltage overshoot on startup, and shall be environmentally 

sealed. 

 

2.2.3 Motor Starting 

Provide locked rotor motor starting capability of 67.4 skVA at 30% instantaneous voltage dip 

as defined per NEMA MG 1.  Sustained voltage dip data is not acceptable. 

 

2.3 Circuit Breaker 

 

2.3.1 Circuit Breaker Specifications 

Provide a generator mounted 100% circuit breaker, molded case, Qty.(1) 60 amp trip, 3 pole, 

NEMA 1/IP22.  Breaker shall utilize a solid state trip unit.  The breaker shall be UL/CSA 

Listed  and connected to engine/generator safety shutdowns.  Breaker shall be housed in an 

extension terminal box which is isolated from vibrations induced by the generator set.  

Mechanical type lugs, sized for the circuit breaker feeders shown on drawing, shall be 

supplied on the load side of breaker. 

 

2.4.1 Controls – Generator Set Mounted  

Provide a fully solid-state, microprocessor based, generator set control.  The control panel shall 

be designed and built by the engine manufacturer.  The control shall provide all operating, 

monitoring, and control functions for the generator set.   

 

2.4.1 Environmental 

The generator set control shall be tested and certified to the following environmental conditions. 

1. –40°C to +70°C Operating Range 

2. 0-95% humidity non-condensing, 30°C to 60°C 

3. IP22 protection 

4. 5% salt spray, 48 hours, +38°C, 36.8V system voltage 

5. Sinusoidal vibration 4.3G's RMS, 24-1000Hz 

6. Electromagnetic Capability (89/336/EEC, 91/368/EEC, 93/44/EEC, 93/68/EEC, BS EN 

50081-2, 50082-2) 

7. Shock: withstand 15G 

 

2.4.2 Functional Requirements 

The following functionality shall be integral to the control panel.   
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1. The control shall include a 33 x 132 pixel, 24mm x 95mm, positive image, transflective 

LCD display with text based alarm/event descriptions. 

2. Audible horn for alarm and shutdown with horn silence switch 

3. Standard ISO labeling 

4. Multiple language capability 

5. Remote start/stop control 

6. Local run/off/auto control integral to system microprocessor 

7. Cooldown timer 

8. Lamp test 

9. Push button emergency stop button 

 

2.4.3 Digital Monitoring Capability 

The controls shall provide the following digital readouts for the engine and generator. All 

readings shall be indicated in either metric or English units. 

 

Engine 

1. Engine oil pressure 

2. Engine coolant temperature 

3. Engine RPM 

4. Battery volts 

Generator 

1. Generator AC volts (Line to Line, Line to Neutral and Average) 

2. Generator AC current (Per phase and Average) 

3. Generator AC Frequency 

 

2.4.4 Alarms and Shutdowns 

The control shall monitor and provide alarm indication and subsequent shutdown for the 

following conditions.  All alarms and shutdowns are accompanied by an engine hour stamp 

that are stored by the control panel for first and last occurrence. 

Engine Alarm/Shutdown 

1. Low oil pressure alarm/shutdown 

2. High coolant temperature alarm/shutdown 

3. Loss of coolant shutdown 

4. Overspeed shutdown 

5. Overcrank shutdown 

6. Emergency stop depressed shutdown 

7. Low coolant temperature alarm 

 

2.4.5 Inputs and Outputs 

 

Programmable Digital Inputs  

The control shall include the ability to accept six (6) digital input signals.  The signals may be 

programmed for either high or low activation using programmable Normally Open or Normally 

Closed contacts.  

 

Digital Outputs 
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The control shall include the ability to operate six (6) programmable relay output signals, 

integral to the controller. The output relays shall be rated for 2A @ 30VDC. 

 

2.4.6 Maintenance 

All engine, voltage regulator, control panel and accessory units shall be accessible through a 

single electronic service tool.  The following maintenance functionality shall be integral to the 

generator set control 

1. Engine running hours display 

2. 20 events are stored in control panel memory 

 

2.5 Cooling System 

 

The generator set shall be equipped with a rail-mounted, engine-driven radiator with blower 

fan and all accessories.  The cooling system shall be sized to operate at full load conditions 

and 110 F* ambient air entering the room or enclosure (If an enclosure is specified). The 

generator set supplier is responsible for providing a properly sized cooling system based on 

the enclosure static pressure restriction. 

 

2.6 Fuel System 

 

2.6.1 Fuel System 

The fuel system shall be integral with the engine.  In addition to the standard fuel filters provided 

by the engine manufacturer, there shall also be installed a primary fuel filter/water separator in 

the fuel inlet line to the engine.  All fuel piping shall be black iron or flexible fuel hose rated for 

this service.  No galvanized piping will be permitted.  Flexible fuel lines shall be minimally rated 

for 300 degrees F and 100 psi. 

 

2.6.2 Fuel Sub Base Tank 

Provide a double wall sub-base tank constructed to meet all local codes and requirements. A fuel 

tank base of 12 hour capacity shall be provided as an integral part of the enclosure. It shall be 

contained in a rupture basin with 110% capacity. The tank shall meet UL142 standards. A 

locking fill cap, a mechanical reading fuel level gauge, low fuel level alarm contact, and fuel 

tank rupture alarm contact shall be provided.  

 

2.7 Exhaust System  

 

2.7.1 Silencer  

 

A critical grade silencer, companion flanges, and flexible stainless steel exhaust fitting 

properly sized shall be furnished and installed according to the manufacturer's 

recommendation.  Mounting shall be provided by the contractor as shown on the drawings 

(indoor installations only).  The silencer shall be mounted so that its weight is not supported 

by the engine nor will exhaust system growth due to thermal expansion be imposed on the 

engine.  Exhaust pipe size shall be sufficient to ensure that exhaust backpressure does not 

exceed the maximum limitations specified by the engine manufacturer. 
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2.8 Starting System 

 

2.8.1 Starting Motor 

A DC electric starting system with positive engagement shall be furnished. The motor voltage 

shall be as recommended by the engine manufacturer. 

 

2.8.2 Jacket Water Heater  

Jacket water heater shall be provided and shall be sized to insure that genset will start within 

the specified time period and ambient conditions. 

 

2.8.3 Batteries  

Batteries - A lead-acid storage battery set of the heavy-duty diesel starting type shall be 

provided.  Battery voltage shall be compatible with the starting system. 

 

2.8.4 Battery Charger  

Battery Charger - A current limiting battery charger shall be furnished to automatically 

recharge batteries.  The charger shall be dual charge rate with automatic switching to the 

boost rate when required. The battery charger shall be mounted on the genset package or 

inside the genset enclosure/room. 

 

2.9 Enclosure 

2.9.1 Standard Weatherproof Enclosure 

The complete diesel engine generator set, including generator control panel, engine starting 

batteries and fuel oil tank, shall be enclosed in a factory assembled, weather protective 

enclosure mounted on the fuel tank base. 

1. A weather resistant enclosure of steel with electrostatically applied powder coated 

baked polyester paint. It shall consist of a roof, side walls, and end walls. 

Fasteners shall be either zinc plated or stainless steel. Handles shall be key 

lockable, all doors keyed alike, and hinges shall be zinc die cast or stainless steel.  

Access doors shall be hinged and can be lifted off after opening 90 degrees.  

Intake openings shall be screened to prevent the entrance of rodents or pests. 

2. Lube oil and coolant drains shall be extended to the exterior of the enclosure and 

terminated with drain valves. Cooling fan and charging alternator shall be fully 

guarded to prevent injury.  

 

3 Execution 

 

3.1 Installation 

  

Install equipment in accordance with manufacturer's recommendations, the project drawings 

and specifications, and all applicable codes. 
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3.2 Start-Up and Testing 

 

Coordinate all start-up and testing activities with the Engineer and Owner.  After installation 

is complete and normal power is available, the manufacturer's local dealer shall perform the 

following: 

 

NFPA 110 Load Test Reqs 

1. Verify that the equipment is installed properly. 

2. Check all auxiliary devices for proper operation, including battery charger, jacket water 

heater(s), generator space heater, remote annunciator, etc. 

3. Test all alarms and safety shutdown devices for proper operation and annunciation. 

4. Check all fluid levels. 

5. Start engine and check for exhaust, oil, fuel leaks, vibrations, etc. 

6. Verify proper voltage and phase rotation at the transfer switch before connecting to the 

load. 

7. Connect the generator to building load and verify that the generator will start and run all 

designated loads. 

8. The system shall be tested under full load and monitor the following readings:  

 

Oil pressure 

Coolant temperature 

Battery charge rate 

AC volts 

AC Amperes- all phases 

Frequency 

Kilowatts 

Ambient Temperature 

 

3.3 Operation and Maintenance Manuals 

 

Provide two (2) sets of operation and maintenance manuals covering the generator, 

switchgear, and auxiliary components. Include final as-built wiring interconnect diagrams and 

recommended preventative maintenance schedules. 

 

3.4 Training 

 

3.4.1 On-Site Training 

Provide on-site training to instruct the owner's personnel in the proper operation and 

maintenance of the equipment.  Review operation and maintenance manuals, parts manuals, 

and emergency service procedures. 

 

AUTOMATIC TRANSFER SWITCH(ES):  

60 AMP 4 POLE NEMA 4X for the 25KW PACKAGE GENERATOR SETS 

100 AMP 4 POLE NEMA 4X for the 40KW PACKAGE GENERATOR SET 

 

PART 1 – GENERAL 
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1.1 Scope 
 

 A. It is the intent of this specification to secure a transfer switch that has been 

prototype tested, factory built, production tested and site tested.  A transfer switch 

with the number of poles, voltage and current ratings shown on the plans and 

specified herein shall be provided. 

 

1.2 Codes and Standards 
 

 A.  The automatic transfer switch shall conform to the requirements of: 

 

1. UL 1008: Underwriters Laboratories standard for automatic transfer 

 switches 

  2. CSA: C22.2 No. 178 certified 

  3. IEC: 947-6-1 certified at 480 VAC 

  4. NFPA 70: National Electrical Code including use in emergency and 

standby systems in accordance with Articles 517, 700, 701, 702 

  5. NFPA 99: Essential electrical systems for health care facilities  

  6. NFPA 101: Life safety code 

  7. NFPA 110: Standard for emergency and standby power systems 

8. IEEE 241: I.E.E.E. recommended practice for electrical power systems in 

 commercial buildings 

9. IEEE 446: I.E.E.E. recommended practice for emergency and standby 

 power systems 

  10. NEMA ICS10:AC automatic transfer switch equipment 

  11. UL 50/508: Enclosures 

  12.  ICS 6: Enclosures 

  13. ANSI C33.76: Enclosures 

  14. NEMA 250: Enclosures 

  15. IEEE 472: (ANSI C37.90A): Ringing wave immunity 

16. EN55022 (CISPR11): Conducted and radiated emissions (Exceeds 

EN55011 & MILSTD 461 Class 3) 

  17. EN61000-4-2: (Level 4): ESD immunity test Class B: 

  18. EN61000-4-3: (ENV50140): Radiated RF, electromagnetic field immunity 

  19. EN61000-4-4: Electrical fast transient/burst immunity test 

  20. EN61000-4-5: IEEE C62.41: Surge immunity test (1.2 x 50�s, 5 & 8 kV) 

  21. EN61000-4-6: (ENV50141): Conducted immunity test 

  22. EN61000-4-11: Voltage dips and interruption immunity 

 

1.3 Approved Manufacturers 
 

A. The automatic transfer switch shall be supplied by: 

 

• GENERAC POWER SYSTEMS® 

• HOLT - CATERPILLAR® 
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• KAITOLIGHT® 

• CUMMINS® 

 

Or by alternate manufactures who shall submit a request one week prior to bid and 

include a written list of deviations from this specification to be considered for approval. 

 

PART 2 – PRODUCTS 

 

2.1 Performance and Construction 
 

A. The automatic transfer switch shall be of double throw construction operated by a 

reliable solenoid driven mechanism. There shall be a direct mechanical coupling 

to facilitate transfer in 6 cycles or less. 

 

 B. The normal and emergency contacts shall be mechanically interlocked such that 

failure of any coil or disarrangement of any part shall not permit a neutral 

position. 

 

 C. For switches installed in systems having ground fault protective devices, and/or 

wired so as to be designated a separately derived system by the NEC, a 4th pole 

shall be provided. This additional pole shall isolate the normal and emergency 

neutrals. The neutral pole shall have the same withstand and operational ratings as 

the other poles and shall be arranged to break last and make first to minimize 

neutral switching transients. Add-on or accessory poles that are not of identical 

construction and withstand capability will not be considered. 

 

 D. The contact structure shall consist of a main current carrying contact, which is a 

silver alloy with a minimum of 50% silver content. The current carrying contacts 

shall be protected by silver tungsten arcing contacts on all sizes above 400 Amps. 

 

 E. The transfer switch manufacturer shall submit test data for each size switch, 

showing it can withstand fault currents of the magnitude and the duration 

necessary to maintain the system integrity. Minimum UL listed withstand and 

close into fault ratings shall be as follows: 

 

 Size (Amps) Coordinated Breaker Current Limiting Fuse 

     40 - 225    30,000  200,000 

         260    35,000  200,000 

    400 – 600    50,000  200,000 

         800   65,000  200,000 

  1000 - 1200    85,000  200,000 

  1600 - 3000  100,000  200,000 

 

 F. A dielectric test at the conclusion of the withstand and closing tests shall be 

performed. 
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 G. The automatic transfer switch manufacturer shall certify sufficient arc interrupting 

capabilities for 50 cycles of operation between a normal and emergency source 

that are 120 degrees out of phase at 480 volts, 600% of rated current at .50 power 

factor. This certification is to ensure that there will be no current flow between the 

two isolated sources during switching. 

 

 H. All relays shall be continuous duty industrial type with wiping contacts. Coils, 

relays, timers and accessories shall be readily front accessible. The control panel 

and power section shall be interconnected with a harness and keyed disconnect 

plugs for maintenance. 

 

 I. Main and arcing contacts shall be visible without major disassembly to facilitate 

inspection and maintenance. 

 

 J. A manual handle shall be provided for maintenance purposes with the switch de-

energized. An operator disconnect switch shall be provided to defeat automatic 

operation during maintenance, inspection or manual operation. 

 

 K. Switches composed of molded case breakers, lighting contactors or components 

thereof will not be acceptable. 

 

 L. The current rating shall be a continuous rating when the switch is installed in an 

enclosure, and shall conform to NEMA temperature rise standards. 

 

 M. The unit shall be rated based on all classes of loads, i.e., resistive, tungsten, ballast and 

inductive loads. Switches rated 400 amperes or less shall be UL listed for 100% 

tungsten lamp load. 

 

N. Temperature rise tests in accordance with UL 1008 shall have been conducted 

after the overload and endurance tests to confirm the ability of the units to carry 

their rated currents within the allowable temperature limits. 

 

 O. Unless specified otherwise on the drawings, the switch shall be mounted in a 

NEMA 1 enclosure. 

 

2.2 Control 

 

 A. The control panel shall be opto-isolated from electrical noise and provided with 

the following inherent control functions and capabilities:  

 

1. Easy-to-view 4 x 20 LCD display with long lasting LED indicators.  

2. Control panel shall display voltage and frequency of both sources. 

3. The user shall be able to view the last 16 recorded events. 

4. Capability for external communication and network interface. 

5. Adjustments to all settings shall be made from the front of the panel 

 without opening the door. 
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 B. The transfer switch shall be equipped with a microprocessor based control panel. 

The control panel shall perform the operational and display functions of the 

transfer switch. The display functions of the control panel shall include ATS 

position, source availability, sequence indication and diagnostics.  

 

C. All programmable and control functions shall be pass code protected and 

accessible through the keypad. 

 

D. The control panel shall be provided with a simple user interface for transfer 

switch monitoring, control and field changeable functions and settings. 

 

E. Touch pad test switch with Fast Test/Load/No Load selection capability to 

simulate a normal source failure.  

 

F. The controller shall provide digital timer adjustments with 1-second resolution.  

Voltage and Frequency shall be adjustable to 1% resolution to facilitate accurate 

transfer. 

 

G. To ensure reliable and consistent user operation the controls must be equipped 

with nonvolatile memory and allow automatic daylight savings time adjustment. 

 

 

PART 3 – OPERATION 
 

3.1 Sequence of Operation 
 

 A. The ATS shall incorporate adjustable under voltage sensing on all phases of the 

normal source. 

 

 B. When the voltage of any phase of the normal source is reduced to 80% 

(adjustable) of nominal voltage, for a period of 0-10 seconds (programmable) a pilot 

contact shall close to initiate starting of the engine generator. 

 

 C. The ATS shall incorporate adjustable under voltage and under frequency sensing 

on the emergency source. 

 

 D. When the emergency source has reached a voltage value of 90% of nominal and 

achieved frequency within 95% of the rated value, the load shall be transferred to 

the emergency source after a programmable time delay. 

 

 E. When the normal source has been restored to not less than 90% of rated voltage 

on all phases, the load shall be retransferred to the normal source after a time 

delay of 0 to 60 minutes (programmable). The generator shall run unloaded for 5 

minutes (programmable) and then automatically shut down. The generator shall 

be ready for automatic operation upon the next failure of the normal source. 
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 F. If the engine generator should fail while carrying the load, retransfer to the normal 

source shall be made instantaneously upon restoration of proper voltage (90%) on 

the normal source. 

 

3.2 Standard Accessories 
  

A. Adjustable time delay to override momentary normal source failure prior to 

engine start. Field programmable 0-10 seconds factory set at 3 seconds. 

 

A. Adjustable time delay on retransfer to normal source, programmable 0-60 minutes 

factory set at 30 minutes. If the emergency source fails during the retransfer time 

delay, the transfer switch controls shall automatically bypass the time delay and 

immediately retransfer to the normal position. 

 

B. A time delay on transfer to emergency, programmable 0-5 minutes, factory set at 

1 second. 

 

C. A time delay on transfer to emergency, programmable 0-5 minutes, factory set at 

1 second. 

 

D. An in-phase monitor shall be provided. The monitor shall compare the phase 

angle difference between the normal and emergency sources and be programmed 

to anticipate the zero crossing point to minimize switching transients. 

 

E. An exerciser timer with momentary test pushbutton shall be incorporated within 

the microprocessor and shall be capable of starting the engine generator set and 

transferring the load (when selected) for exercise purposes on a daily, weekly or 

monthly basis. The exerciser shall contain a battery for memory retention during 

an outage. 

 

F. Provide a momentary pushbutton to bypass the time delays on transfer and 

retransfer and programmable commit/no commit control logic. 

 

G. The controller shall accept a remote peak shave or test input to signal the transfer 

switch to the emergency position. 

 

H. A set of customer contacts shall be provided to indicate both emergency and 

normal source position. 

 

PART 4 – EXECUTION 
 

4.1 General 
 

A. The transfer switch shall be installed as shown on the plans, in accordance with 

the manufacture’s recommendations and all applicable codes. 
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4.2 Factory Tests 
 

A. The transfer switch manufacturer shall perform a complete functional test on the 

switch, controller and accessories prior to shipping from the factory.  A certified 

test report shall be available upon request. 

 

4.3 Service 

 

A. The manufacturer shall maintain a national service organization that is factory 

trained and certified for transfer switch equipment.  In addition, the service 

organization shall be available 24 hours per day, 365 days per year. 

 

4.4 Warranty 

 

A. The automatic transfer switch shall be warranted against defective workmanship 

for a period of two years, including both parts and labor. 




