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San Antonio River Authority Standard Specifications for Utility Construction 

ITEM NO. 400 

SEWER EXCAVATION, TRENCHING AND BACKFILLING 

400.1 DESCRIPTION:  This section shall govern the excavation, trenching and 
backfilling for sanitary sewers and pipe culverts, unless otherwise noted on the 
plan details and the specifications.  The work shall include all necessary pumping 
or bailing, sheeting, drainage, the construction and removal of any required 
cofferdams and any incidental construction.  All existing utilities shall be 
protected from damage during the excavation and backfilling of trenches, and if 
damaged, shall be replaced by the Contractor at his expense.  Unless otherwise 
shown on the plans, bid proposal, or contract documents, all excavation shall be 
unclassified, and shall include all materials encountered regardless of their 
nature or the manner in which they are removed, to include but not limited to 
rock, stone, sand, organic material, or whatever material is encountered.  All 
excavations, trenching, and shoring shall conform to Item No. 700 "Trench 
Excavation Protection". 

Where construction is within the limits of the floodplain of a river, creek or stream, 
the Contractor is required to keep the floodplain clear of potential obstructions to 
flood flows.  Potential obstructions include excavated material, waste material, 
stock piled fill material, temporary roads, heavy construction equipment, etc. 
Under threatening weather conditions where flooding is possible, obstructions 
shall be immediately removed by the Contractor. 

400.2 EXCAVATION:  The Contractor shall perform all excavation of every description 
and of whatever substances encountered, to the lines and grades shown on the 
plans or determined by the Owner's Engineer.  During excavation, material 
suitable for backfilling shall be stockpiled in an orderly manner a sufficient 
distance from the banks of the trench to avoid overloading and to prevent slides 
or cave-ins.  All excavated materials not required or suitable for backfill shall be 
removed and wasted as indicated on the drawings or as selected by the 
Contractor and approved by the Owner's Engineer.  Such grading shall be done 
as may be necessary to prevent surface water from flowing into trenches or other 
excavations, and any water accumulating therein shall be removed by pumping 
or by other approved methods.   

Sheeting and shoring shall be done as may be necessary for the protection of the 
work, adjoining property, and for the safety of the personnel.  Unless otherwise 
indicated, excavation shall be by open cut, whether by hand, backhoe, ram-hoe, 
rock saw, or whatever method necessary.  Short sections of a trench may be 
tunneled, if in the opinion of the Owner's Engineer, the pipe or structure can be 
safely and properly installed or constructed, and backfill can be properly tamped 
in such tunnel sections. 

1. Blasting: Where permitted and allowed by SARA as an acceptable
trenching option, blasting shall be performed in accordance with
appropriate criteria established by the National Fire Protection
Association [37 TAC PART 13] and all Local, County, State, and Federal
codes and ordinances. The Contractor shall be responsible for obtaining
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all permits at no cost to the Owner. Blasting for utility excavation must be 
done in such a manner as to minimize the fracturing of rock beyond the 
required excavation. 

The Contractor shall consider the elevation of utilities in relation to the 
blasting charge and the relative alignment of existing and proposed 
trenches. Blasting within such areas shall be accomplished only by 
qualified Contractors who hold blasting licenses from a qualified agency 
such as the San Antonio Fire Department in Bexar County. Any damage 
to existing utilities resulting from blasting shall be repaired at the 
Contractor’s expense. Sand shall not be used for bedding for backfill in 
trenches that have been blasted. 

2. Archaeological: “Unidentified Archaeological Sites”: If the Contractor
should encounter a section of an acequia (early Spanish irrigation ditch)
or any other archaeological deposits during construction operations, the
Contractor must stop excavation immediately and contact the SARA
Inspector who will call the appropriate personnel (San Antonio: City
Historic Preservation Officer at (210) 299-8303) for an archaeological
investigation as per Section 35-432.3 of the City Code, “Unidentified Sites
Archaeological.” The Contractor cannot begin excavation again without
written permission from the SARA. If more than three days are required
for investigation (not including holidays and weekends) and also the
Contractor cannot work on other areas, the Contractor will be permitted to
negotiate for additional construction time. The Contractor shall submit a
request in writing within ten days after date of the first notice. If the time
required for investigation does not exceed three days for each event,
contract duration will not be extended.

3. The Contractor shall provide and maintain barricades, flags, lighting, and
other safety devices as required by local, state, and federal codes and
ordinances and conduct work to create a minimum inconvenience to the
public. Temporary suspension of work does not relieve responsibility for
the above requirements.

4. The Contractor shall at all times conform to all applicable regulations of
Subpart “P” entitled “Excavation, Trenching, and Shoring of OSHA Safety
and Health Regulations for Construction”; and all applicable state and
local rules and regulations.

400.3 TRENCHING: 

1. Trench sides:  Walls shall be vertical and the practice of undercutting at
the bottom or flaring at the top will not be permitted unless at the Owner
Engineer's direction.  In special cases where trench flaring is permitted
and directed by the Owner's Engineer, the trench walls shall remain
vertical to a depth of at least one foot (1') above the top of the pipe.  The
bottom of the trench shall be square or slightly curved to the shape of the
trenching machine cutters.

Where the Contractor has selected "sloping" and/or "benching" as the 
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means of Trench Excavation Protection, Item No. 700, trench walls may 
be allowed that are other than vertical.  Where the resulting trench width 
is wider than that normally required by this section of the specifications 
the "Contractor's Qualified Engineer" must submit engineering 
calculations showing that additional loadings do not result in a need for a 
stronger class of pipe.  If the calculations show that a stronger class of 
pipe is required, any additional cost shall be bore by the Contractor at no 
cost to the Owner.  

2. Trench Bottom:  For rigid pipe where suitable bedding exists, the bottom
of the trenches shall be accurately graded to provide uniform bearing and
support for each section of pipe on the undisturbed soil at every point
along its entire length.  For flexible pipe and/or rigid pipe on unsuitable
bedding, the bottom of trenches shall be accurately graded to provide
uniform bearing and support for each section of pipe on the minimum
subgrade filler layer as established in the bedding requirements of Item
400.4,2, "Sanitary Sewer Backfilling" at every point along its entire length.
Bell holes and depressions for joints shall be dug after the trench bottom
has been graded to allow for proper sealing of pipe joints and to allow the
pipe rest upon the prepared bottom for as nearly its full length as
practicable.

Where over-excavation occurs, the under-cut trench shall be restored to 
grade, to the satisfaction of the Field Representative, by replacement of 
excavated material compacted to the same density as the surrounding 
natural ground.  Whenever wet or otherwise unstable soil that is 
incapable of properly supporting the structure or pipe, as determined by 
the Engineer, is encountered in the bottom of the trench, such soil shall 
be removed to the depth shown on the plans or determined by the 
Engineer and the trench backfilled to the proper grade with a Gravel 
Subgrade Filler as specified in Item No. 410, "Subgrade Filler".  Trench 
bottoms for sanitary sewers shall conform to the bedding requirements of 
Item 400.4,2, "Sanitary Sewer Backfilling". 

The depth of cut indicated on cut sheets, as determined by the Contractor 
shall be from the off-set or cut hub elevation to the invert of the pipe. 
The depth of cut as indicated on the cut sheet for pay purposes may be 
more or less than the actual excavated depth. The variation is based on 
the surface elevation prior to the Contractor’s operation and the invert of 
the sewer line. 

3. Minimum Width of Trench: The minimum width of pipe trenches,
measured anywhere between the bottom of the pipe and the top of the
trench, shall be 12 inches (6 inches per side) greater than the exterior
diameter of the pipe, exclusive of bells. Exceptions apply at special
structures, connections, and at temporary structures, such as trench
supports.   Minimum width shall accommodate backfill placement and
testing.

4. Maximum Width of Trench: Except as stipulated herein or on the plans,
the maximum allowable width of trench for pipelines measured anywhere
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in the pipe envelope (between the  bottom of the pipe and 6 inches above 
the pipe) shall be the outside diameter (exclusive of bells or collars) plus 
24 inches (12 inches per side).  

Within the pipe envelope, a trench wider than the outside diameter plus 
24 inches may be used but must fully meet one of these requirements: 

a. At the Contractor’s expense, he shall furnish and install pipe of the
required strength to carry additional trench load.  Such
modifications and calculations shall be submitted in writing to the
Owner by the “Contractor's Qualified Engineer" for approval.   This
requirement will not require special bedding or backfill, unless
required by the Contractor’s Qualified Engineer.

b. Except as provided for on the drawings, specifications, or by the
advance written approval of the Owner, the Contractor, at his
expense, shall within the pipe envelope encase the pipe in
concrete from trench wall to trench wall, or encase in other pipe
bedding material with written advance Owner approval.

In a or b, excavation wider than the stated minimum that also causes 
additional work of any kind, including additional pavement or removal and 
replacement of any surface amenity or utility, such additional work shall 
be at the Contractor’s expense. 

The maximum trench width above the pipe envelope will be governed by 
the trenching method and work requirements and limitations shown on 
the plans or included in these specifications.  

5. Where water, silt, muck, trash, debris or rock in ledge, boulder or coarse
gravel (particle size larger than 1 3/4 inch) is encountered at the bearing
level, the Contractor shall, as directed by the Field Representative,
excavate and remove such materials to a depth not less than six-inches
(6”) below the bottom of the pipe and replace with a Gravel Subgrade
Filler conforming to the requirements of Item 410, "Subgrade Filler".
Trench bottoms for sanitary sewers shall conform to the bedding
requirements of Item 400.4,2.a, "Sanitary Sewer Backfilling".

3. Dewatering and Care of Water: The Contractor shall take necessary
steps to prevent surface water and subsurface or groundwater from
flowing into excavations and from flooding project site and surrounding
area.  Also, the Contractor shall not allow water to accumulate in
excavations or at changes detrimental to stability of subgrades and
foundations.  Accordingly he shall:

b. Provide, install, and maintain a dewatering (or surface diversion)
system with components necessary to deter water from and
convey water from excavations.

b. Convey water removed from excavation and rainwater to
collecting or runoff areas, ditches, and other diversions outside
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excavation limits. Do not use trench excavations as temporary 
drainage ditches or drainage conveyance devices.  

c. Dewatering devices shall be provided by the Contractor with filters
to prevent the removal of fines from the soil.  Should the pumping
system draw fines from the soil, the Owner shall order immediate
shutdown, and remedial measures will be the responsibility of the
Contractor.

d. Upon completion of the dewatering work, the Contractor shall
remove all equipment and leave the construction area in a neat,
clean, condition that is acceptable to the Owner.

e. The Contractor shall maintain ground water table at least 12
inches below the finished excavation subgrade.

f. Dewatering Performances. Performances of the dewatering
system for lowering ground water shall be measured by
observation wells on piezometers installed by the Contractor in
conjunction with his dewatering system, and these shall be
documented at least daily. The Contractor shall maintain a log of
these readings and submit them to the Owner.  No direct payment
shall be made for costs associated with dewatering. All costs in
connection therewith shall be included in the applicable contract
price for the item to which the work pertains.

400.4 BACKFILLING: 

1. General:  Trenches shall not be backfilled until the construction structures
or appurtenances as installed conform to the requirements specified.  The
excavation shall be carefully backfilled with the excavated materials
approved for backfilling, consisting of earth, loam, sandy clay, sand and
gravel, soft shale or other approved materials, free from large clods of
earth or stones.  Where pipe is specially coated for protection against
corrosion, care shall be taken not to damage the coating.

Where a trench has been improperly backfilled, or where settlement
occurs, the identified section shall be excavated to a depth and length
along the trench of 50’ on each side and beyond the failed area, then
refilled and compacted to the grade and compaction required. The use of
sand backfill shall not be allowed.  All compaction within the secondary
backfill zone shall be such that the apparent dry density of each layer
shall be not less than 98% within 2 feet of top pavement. These top 2 feet
shall not be less than 98% for pavement areas of the maximum dry
density at + or – 2% optimum moisture content as determined by tests on
samples as outlined in Texas Highway Department Testing Method Tex
113-E, unless otherwise shown on the plans. At the time of compaction,
the water content shall be at optimum moisture content, + or - 2% points.

See Table 1 at the end of this specification for an outline of the bedding
and initial backfill requirements for various pipe types.
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2. Sanitary Sewer Backfilling:  Backfill for sanitary sewers is divided into
three (3) separate zones:  (a) bedding: the material in trench bottom in
direct contact with the bottom of the pipe; (b) initial backfill: the backfill
zone extending from the surface of the bedding to a point 1 foot above
the top of the pipe; and (c) secondary backfill: the backfill zone extending
from the initial backfill surface to the top of the trench.   Materials and
placement for each of the zones shall be as described herein.

a. Bedding:
(1) Existing stable materials and laying conditions 

encountered at the pipe bearing level which are acceptable 
for direct bedding purposes for rigid pipe only are: 

Trench bottom at bearing level free of water, muck, debris, 
rock, boulder and coarse gravel (particle size larger than 1 
3/4 inch) formations in the face of the bearing level. 

Coarse sands and gravels with maximum particle size of 
one and three-quarter inch (1 3/4"), various graded sands 
and gravels containing small percentages of fines, 
generally granular and non-cohesive, either wet or dry, fine 
sands and clayey gravels, fine sand, sand-clay mixtures 
and gravel-clay mixtures. 

(2) Existing unstable materials and laying conditions 
encountered at the pipe bearing level which are not 
acceptable for bedding purposes are: 

Water, silt, muck, trash, clay or debris at trench bottom or 
bearing level or rock, boulder, or coarse gravel (particle 
size larger than 1 3/4 inch) formations in the face of the 
bearing level. 

(3) Subgrade Filler:  For flexible sewer pipe to be placed on all 
types of materials or for rigid sewer pipe to be placed 
where unacceptable materials as defined in Item 2.a.(2), 
"Bedding" exist at the bearing level the material shall be 
removed, as directed by the Field Representative, and 
replaced to a minimum depth of six inches (6") or 
one-eighth (1/8) of the outside diameter of the pipe, 
whichever is greater, as directed by the Field 
Representative, with subgrade filler material over the full 
width of the excavation between the undisturbed trench 
walls.  The subgrade filler material shall extend up the 
sides of the pipe sufficient to embed the lower quadrant of 
the pipe.  Gravel Subgrade Filler material shall conform to 
the requirements of Item No. 410, "Subgrade Filler". 

(4) Bedding Material: The existing material at the bearing level 
shall be removed and replaced to a minimum depth of 6 
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inches or 1/8 inch of the outside diameter of the pipe, 
whichever is greater, with bedding material. The bedding 
material shall extend up the sides of the pipe sufficient to 
embed the lower quadrant of the pipe. The bedding 
material shall be composed of well-graded, crushed stone 
or gravel conforming to the following requirements unless 
modified by the Engineer.  

Sewer Gravel Percent 

Passing 1- ½ inch sieve 100 
Passing 1 inch sieve   95 to 100 
Passing 3/8 inch sieve  25 to 60 
Passing No. 4 sieve   0 to 10 
Passing No. 8 sieve   0 to 5 

Payment for additional excavation must be approved by 
the Inspector. 

(5) Over Excavation: Where the trench bottom has been over 
excavated beyond the limits defined in this specification 
due to blasting or removal or unstable material, the pipe 
shall be concrete encased. Encasement shall extend from 
the trench wall to trench wall and be a minimum of 6 
inches above the top of pipe, conforming to Item 407.  

No separate pay item. 

(6) Reduced Excavation: Where the trench bottom is not 
excavated in accordance with the specification due to rock 
or other hard under lying materials, then the pipe shall be 
concrete encased on all sides and to a minimum of 6 
inches above the top of pipe in conformance to Item 407.  

(7) Consolidating Backfill Material: The Initial Bedding material 
shall be consolidated to assure it is incorporated from the 
bottom of the trench up top the pipe centerline. A hand-
held vibrator, commonly used for concrete work, can be 
used for this purpose. The vibrator shall be inserted every 
3 feet on each side of the pipe. 

b. Initial Backfill:  Where the pipe to be laid is flexible pipe as outlined
in Item 402.2,2, "Flexible Pipe" initial backfill is defined as backfill
having a thickness in its compacted state from the surface of the
bedding to a point one foot (1') above the top of the pipe.  For rigid
pipe as outlined in Item 402.2,1, "Rigid Pipe", initial backfill is
defined as backfill having a thickness in its compacted state from
the surface of the bedding to a point twelve inches (12") above the
top of the pipe.  Initial backfill shall be constructed in accordance
with details shown on the plans and these specifications.
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(1) Select Initial Backfill:  Where pipe is to be laid in a rock cut 
or where rock, boulder, or coarse gravel (particle size 
larger than 1 3/4 inch) formations exist in the initial backfill 
zone, or where trench walls or materials are unstable as 
defined by Item 2.a.(2), "Bedding" or where the pipe to be 
laid is flexible pipe as defined by Item 402.2,2, "Flexible 
Pipe" below, select initial backfill material shall be used. 
Select Initial Backfill material shall conform to the Gravel 
requirements of Item No. 410, "Subgrade Filler". 

For sewer lines less than twenty-four inches (24") in 
diameter select initial backfill material shall be placed in 
two (2) lifts.  The first lift shall be spread uniformly and 
simultaneously on each side and under the shoulders of 
the pipe to its spring line.  The first lift of select initial 
backfill shall be inspected and approved prior to placement 
of the second lift.  The second lift of select initial backfill 
material shall extend from the spring line of the pipe to a 
depth sufficient to produce a compacted depth of material 
a minimum of one foot (1') above the top of the pipe. 

The second lift shall be evenly spread in a similar manner 
as the first lift.  For sewer line twenty-four inches (24") in 
diameter and larger select initial backfill material shall be 
evenly and simultaneously spread alongside, under the 
shoulders or haunches of the pipe and over the pipe in 
maximum twelve-inch (12") lifts (loose measurement) to a 
point sufficient to produce a compacted depth of material a 
minimum of one foot (1') above the top of the pipe. 

No mechanical or hand compaction will be required on an 
approved select initial backfill material. 

(2) Optional Select Initial Backfill:  Where the pipe to be laid is 
Flexible Pipe as defined by Item 402.2,2. "Flexible Pipe" 
and unstable materials as defined by Item 2.a.(2) 
"Bedding" exist at the pipe bearing level or the initial 
backfill zone, in lieu of the material specified in Item 2.b.(1) 
above, an optional select initial backfill may be used by the 
Contractor where rock, boulder or coarse gravel (particle 
size larger than 1 3/4 inch) formations are not present in 
the bedding or initial backfill zone of the trench and where 
water is not present at the pipe bearing level. 

Optional Select Initial Backfill will not be acceptable for 
installation of pipe over fifteen inches (15") inside diameter 
or for installation of pipe within the one-hundred (100) year 
floodplain. 

Optional Select Initial Backfill shall conform to the 
requirements of ASTM D 1073, Grading No. 1 or Grading 
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No. 4.  The plasticity index shall be not more than twelve 
(12) when tested in accordance with the TxDOT Test 
Method TEX-106-E. 

Optional select initial backfill shall be placed around the 
pipe and to the defined limit for initial backfill as specified in 
Item 2.b.(1) above. 

"Flooding with water will not be accepted as a compaction 
method and will not be permitted."  The minimum 
compacted depth of completed optional select initial 
backfill shall be one foot (1') above the top of the pipe. 

Sand Migration Prevention Collar:  When changing the 
initial backfill from select initial backfill to optional select 
initial backfill, a two foot (2') long class D concrete 
encasement or firmly compacted, consolidated clay 
encasement between the two shall be provided for the 
entire height of the initial backfill. 

(3) Natural Initial Backfill:  Where the pipe to be laid is rigid 
pipe as outlined in Item 402.2,1, "Rigid Pipe", and where 
stable materials and laying conditions as defined by Item 
2.a.(1), "Bedding", exist at the pipe bearing level and initial
backfill zone and existing excavated materials conform to 
those defined in Item 2.a.(1), such excavated natural 
materials may be utilized as initial backfill material. 

For sewer lines less than twenty-four inches (24") in 
diameter natural initial backfill shall be placed in two (2) 
lifts.  The first backfill material shall be spread evenly 
alongside and under the shoulders of the pipe and 
thoroughly compacted by means of hand or mechanical 
tamping.  All compaction shall be such that the apparent 
dry density of each layer shall not be less than ninety-three 
percent (93%) of the maximum dry density as determined 
by tests on samples as outlined in TxDOT Test Method 
Tex-113-E, unless otherwise shown on the plans.  The in 
situ density of surrounding natural ground adjacent to 
trench walls will not be considered in establishment of 
control density.  Ninety-three percent (93%) is the required 
minimum unless otherwise shown on the plans.  Flooding 
with water will not be accepted as a compaction method 
and will not be permitted as associated with any backfilling 
operations.  Density shall be tested in accordance with the 
requirements of ASTM D 2922. 

For sewer lines twenty-four inches (24") in diameter and 
larger natural initial backfill shall be placed alongside and 
over the pipe in twelve inch (12") (loose measurement) lifts 
and shall be compacted in the manner prescribed above 
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for smaller lines. 

c. Secondary Backfill:  Secondary backfill is defined as backfill from
one foot (1') above the top of the pipe to the top of the trench.
Secondary backfill shall be constructed in accordance with details
shown on the plans and these specifications.

Secondary backfill shall generally consist of materials removed 
from the trench and shall be free of brush, debris and junk.   Rock 
or stones having a dimension larger than 6 inches at the largest 
dimension shall be sifted out and removed before the material is 
used in the secondary backfilling zone. Secondary backfill material 
shall be primarily composed of compactable soil materials. The 
secondary backfill material shall be placed in maximum 12 inch 
loose lifts or as directed by the Design Engineer and/or Inspector. 

In special cases where excessive width and/or depth of the trench 
permit, and only with approval of the San Antonio River Authority 
Representative, larger rocks may be incorporated into the backfill 
provided that the surrounding compactable soil may be properly 
and adequately compacted.  Such oversized rocks shall be used 
only where the pipe has at least five feet (5') of cover over the top 
of the pipe, and where the top of the rocks are at least two feet (2') 
below the street or ground surface.  These large stones may be 
placed in the secondary backfill provided they are well separated 
and arranged so that no interference with backfill settlement or the 
initial backfill zone will result.  Secondary backfill material shall be 
composed of primarily compactable soil materials.  Water jetting 
or water flooding will not be permitted as a method of compaction. 
Secondary backfill shall be compacted to the required density of 
ninety-three percent (93%) using any size and type of equipment 
which will give the required compaction without damaging the 
pipe, bedding, or structures.  The depth of layers, prior to 
compaction, shall depend upon the type of sprinkling and 
compacting equipment used to achieve the required density and 
the test results thereby obtained and shall be a maximum of 
twelve inches (12").  Prior to and in conjunction with the 
compaction operation, each layer shall be brought to the moisture 
content necessary to obtain the required density and shall be kept 
level to insure uniform compaction over the entire layer. 
Establishment of the optimum moisture and density will be in 
accordance with TxDOT Test Method Tex-113-E. 

Each layer of backfill must provide the density as required herein. 
Soils shall be sprinkled as required to provide not less than 
optimum moisture nor more than four percent (4%) over optimum 
moisture content and compacted to the extent necessary to 
provide not less than ninety-three percent (93%) of the maximum 
dry density as determined by tests on samples as outlined in 
TxDOT Test Method Tex-113-E, unless otherwise shown on the 
plans.  The in situ density of surrounding natural ground adjacent 
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to trench walls will not be considered in establishment of control 
density.  Ninety-three percent (93%) is the required minimum 
unless otherwise shown on the plans.  Flooding with water will not 
be accepted as a compaction method and will not be permitted as 
associated with any backfilling operations.  Density shall be tested 
in accordance with the requirements of ASTM D 2922. 
Nonswelling soils (soils with plasticity index less than 25) shall be 
sprinkled as required to provide not less than optimum moisture 
and compacted to the extent necessary to provide not less than 
ninety-three percent (93%) of the maximum dry density as 
determined by tests on samples as outlined in TxDOT Test 
Method Tex-113-E, unless otherwise shown on the plans. 

After each layer of backfill is complete, tests may be made by the 
Engineer.  If the material fails to meet the density indicated, the 
course shall be reworked as necessary to obtain the indicated 
compaction and the compaction method shall be altered on 
subsequent work to obtain the indicated density.  At any time, the 
Engineer may order proof rolling to test the uniformity of 
compaction of the backfill layers.  All irregularities, depressions, 
weak or soft spots which develop shall be corrected immediately 
by the Contractor. 

All work within the County street or State highway right of way 
must meet the indicated requirements in this section as a 
minimum and shall meet the requirements indicated in the plans 
or the permit issued by the County or State when their 
requirements are more stringent.  Prior to the start of construction, 
the Contractor will be responsible for contacting the appropriate 
TxDOT office or County Commissioner's Precinct Office and for 
coordinating his activities with the operating procedures in effect 
for utility cut permits and pavement repair under their jurisdiction. 
Approval for all completed work in the State or County right of way 
must be obtained from the appropriate Official prior to final 
acceptance. 

All work within the railroad right of way must meet the 
requirements in this section as a minimum and shall meet the 
requirements indicated in the plans or the permit issued by the 
Railroad Owner when their requirements are more stringent. 
Approval for all completed work in the railroad right of way must 
be obtained from the Railroad Owner prior to final acceptance. 

3. Seepage Retainers:  To prevent piping and/or seepage along the bedding
and initial backfill zones, where porous material including "Subgrade
Filler" is used for backfill, seepage retainers are required at an
approximate spacing of one hundred eighty (180) feet.  Retainers are also
required twenty (20) feet upstream and downstream of each manhole
installation, as applicable.  Seepage retainers shall be eighteen (18)
inches thick and extend the full height and width limit of bedding and
initial backfill.  Seepage retainers are similar to "Sand Migration
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Prevention Collars", see Section 400.4,2.b(2) and shall consist of Class D 
concrete encasement or firmly compacted, consolidated clay 
encasement. 

4. Trench Surface Restoration: The surface of the backfilled trench shall be
restored to match the previous existing conditions. This shall include final
grading, placement of topsoil and seeding, placement of sod (such as at
homes or businesses that had maintained lawns), or other unprepared
and prepared surfaces. Trenches in alleys actively being used by vehicles
(such as trash pickup, vehicle parking, etc.) shall be restored by grading
and compacting to 98% or higher with a minimum of 4 inches of flex base
materials for the entire width of the alley. Alleys not actively used by
vehicles shall be graded and compacted to 98% or higher, then spread
grass seed for entire width of the alley. Trenches in paved streets shall be
covered with a temporary all-weather surface to allow for vehicular traffic
until the final asphalt/concrete paving is complete. This surface shall be a
minimum of 4 inches compacted and rolled asphaltic black base, either
hot-mix or cold-mix applied. It is the Contractor’s responsibility to maintain
this surface until the final street restoration is complete. Temporary street
striping may also be required. This surface must be removed prior to final
asphalting. All street work shall be done in accordance with the latest City
of San Antonio Public Works’ (or other city as applicable) requirements.

Included in this requirement is replacement of any curbs or sidewalks 
damaged or removed during the construction. No separate payment for 
the surface restoration is permitted. The cost for this work must be 
included in the appropriate bid item. 

400.6 DISPOSAL OF EXCAVATED MATERIALS:  The excess excavated material, not 
utilized after all fill requirements have been met, shall become the property of the 
Contractor and he shall dispose of it by hauling and wasting outside the limits of 
the right of way of the project and of public thoroughfares and water courses and 
in a manner meeting the approval of the Owner's Engineer. 

400.7 QUALITY CONTROL: 

1. The Contractor shall procure, store, and place materials from either onsite
or offsite sources which comply with the specified requirements.

2. Quality Assurance Testing: The Owner shall have such tests and
inspections as he may desire performed by a nationally-accredited,
independent testing laboratory for his guidance and control of the work.
Payment for such tests shall be the responsibility of the Contractor,
including the material proctor tests and density tests. The Contractor shall
provide access to the test area, associated trench excavation safety
protection, and backfilling of the test areas. The frequency and location of
testing shall be determined solely by the Owner. The Owner may test any
lift of fill at any time, location, or elevation.

3. Quality Control Testing. The Contractor shall be responsible for
compaction in accordance with the appropriate Specification. Compaction
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tests will be done at one location point randomly selected or as indicated 
by the SARA Inspector/Test Administrator, per each 12 inch loose lift per 
400 linear feet. 

Note: Tests requirements above are indicated as a minimum requirement, but 
maybe subjected to follow more stringent requirements as established by other 
appropriate agencies (such as City of San Antonio Public Works Right-of-Way 
Management Plan, etc.). 

Note: Any failed test shall require the Contractor to remove and replace that 
layer of backfill to 50 feet from either side from the failed test location. The 
Contractor will also be required at no cost to SARA to provide two additional tests 
at the replaced location where the initial test failed and at one location point, 
randomly selected or as indicated by the SARA Inspector/Test Administrator. 

Note: Sanitary Sewer Laterals will be subject to compaction tests at the 
discretion of the SARA Inspector/Test Administrator within 400 linear foot 
segments. Any failed test shall require the Contractor to remove and replace 
failed backfill. The Contractor will also be required at no additional cost to SARA 
to provide one test at the replaced location where the initial tests failed. 

Contractor shall be responsible for all costs associated with supplying material 
for the proctor and density tests. These tests shall be performed by a nationally-
accredited, independent testing laboratory. The Contractor shall provide access 
to the results of the material proctor tests to the Owner prior to performing any 
backfill operations. 

The Contractor shall provide access to the test area, associated trench 
excavation safety protection, and backfilling of the test areas at the Contractor’s 
expense. 

The Contractor will determine in-place density and moisture content by any one 
or combination of the following methods: ASTM D2922 (density of soil and soil 
aggregate in-place by nuclear methods – shallow depth), D1556 (density and unit 
weight of soil in-place by sand cone method), D2216 (lab density of water 
content of soil and rock), D3017 (water content of soil and rock – shallow depth 
in-place by nuclear methods). 

400.6 MEASUREMENT:  Excavation, trenching and backfilling will be considered 
subsidiary to the amount bid for "Item 402 Sanitary Sewers", and installation will 
be measured from center of manhole to center of manhole to determine the 
actual horizontal distance.   

400.7 PAYMENT:  Excavation, trenching and backfilling will be subsidiary to the 
contract bid price per linear foot complete in place for "Item 402 Sanitary Sewers" 
for the size of line constructed.  Said price shall be full compensation for 
furnishing all materials, trenching, pumping, bedding, haunching, initial 
backfilling, secondary backfill, concrete plugs, concrete or clay seepage 
retainers, laying and jointing, tamping, water, labor, tools, equipment and other 
incidentals necessary to complete the work. 
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ITEM NO. 402 

SANITARY SEWERS 

402.1 DESCRIPTION:  This item shall govern the furnishing, installation and jointing of 
sanitary sewer pipe of the size and type specified by the project plans and 
specifications. 

All sanitary sewer mains shall be constructed in accordance with the 
specifications herein outlined and in conformity with the required lines, grades 
and details shown on the plans and as directed by the Owner Engineer. 
Successful passage of the air test as described under Item No. 518, "Air 
Testing", shall be required for the acceptance of the mains.  The requirements of 
Item No. 527, "Television Inspection", shall be met before acceptance of the line. 

No pipe installation will be accepted until all known leaks have been repaired, 
whether or not leakage is within allowable limits.  Locating and repairing of leaks 
shall be performed by the Contractor at no additional cost. 

The Engineer will certify that all required pressure and leakage tests have been 
successfully completed before the pipe line is accepted.  The Engineer's records 
will include the rate of leakage of all final leakage tests.  Passage of a test does 
not relieve the Contractor of his responsibilities to meet the requirements of the 
specifications. 

All plans, materials and specifications shall be in accordance with the Texas 
Administrative Code (TAC) rules to include: 30 TAC § 213, and Design Criteria 
for Sewerage Systems 30 TAC § 217, or any revisions thereto as applicable. 

Contractor shall submit filed copy plans and profiles showing as-built work at end 
of project, CCTV DVD and compaction density reports for main sewer line and all 
service laterals trenches.  Warranty letters on materials and workmanship shall 
be for 24 months after file acceptance. 

402.2 MATERIALS FOR SANITARY SEWER PIPE:  Materials for sanitary sewer pipe 
may be either rigid or flexible. All pipe not listed shall be subject to approval by 
SARA. 

1. Rigid Pipe:   Ductile iron and cast iron pipe shall be, for the purpose of
this specification, known as rigid pipe.

2. Flexible Pipe:  Pipe consisting of materials other than those listed above.

a. When flexible pipe is used, select initial backfill or approved
optional select initial backfill in accordance with Item No. 400,
"Excavation, Trenching and Backfilling", shall be mandatory and is
required in the bedding zone and in the initial backfill zone.

b. Deflection Test:  Deflection tests shall be performed on all flexible
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and semi-rigid pipe.  Any flexible pipe having a deflection of the 
base inside diameter, as defined in ASTM D3034, ASTM F679, 
ASTM F789 and ASTM F794 closed profile, greater than five 
percent (5%) after installation will not be accepted.   

A GO/NO-GO Deflection Testing Mandrel or Gauge shall be 
furnished at the Contractor's expense and shall be used in testing 
pipe deflection for acceptance, unless directed otherwise by the 
Engineer.  The Deflection Testing Gauge used shall be the 
Fixed-size or Multi-size Type as manufactured by HURCO 
Enterprises, Inc or Engineer approved equal.  Tests shall be 
performed no earlier than thirty (30) days after installation and 
compaction have been completed.  The tests shall be performed 
without mechanical pulling devices.  The following table lists 
present mandrel outside diameter as defined as five percent (5%) 
of the base inside diameter of ASTM D3034, ASTM F679, ASTM 
F789 and ASTM F794 closed profile and are subject to revisions 
of the standard. 

Pipe wall thickness and outside diameter shall be tested and shall 
meet the requirements established in the respective ASTM 
Standards as measured in accordance with Section 6 and Section 
8, respectively, of method ASTM D2122. 

Pipe wall thickness and outside diameter for AWWA-C905 pipe 
shall be tested and shall meet the requirements established by the 
AWWA-C905 Standard. 

Other pipe approved for use with a different pipe material, different 
diameter specification, or different allowable percent deflection 
shall have a mandrel configured accordingly. 

Item 402 Page 2 of 11 April 2014 



San Antonio River Authority Standard Specifications for Utility Construction 

c. Working room:  The working room for flexible pipe shall be a
minimum of six inches (6") and a maximum of twelve inches (12")
from each side of the pipe to the face of the trench walls.  The
maximum twelve-inch (12") requirement will be waived when the
pipe is provided a concrete cover as shown on the standard detail
sheet of the plans.

d. Pipe Stiffness: All mains are to be SDR 26 PVC (ASTM D-3034)
with a minimum stiffness of 115 PSI.

e. At waterline crossings and where water and sewer mains are
parallel and separation distance can not be achieved as per 30
TAC § 217.13, use pressure rated pipe SDR 26 PVC (ASTM D-
2241) with a minimum pressure rating of 150 PSI.

3. Concrete Pipe:  Concrete pipe will not be permitted for use as sanitary
sewer transmission line.

4. Asbestos-Cement Pipe:  Asbestos-Cement pipe will not be permitted for
use as sanitary sewer transmission line.

5. Polyvinyl Chloride (PVC) Sewer Pipe:  When the depth of cover over the
top of the pipe is zero feet (0') to fourteen feet (14'), Polyvinyl Chloride
(PVC) sewer pipe and fittings shall conform to SDR 26 ASTM D3034
(8"-15"), SDR 35 ASTM F679 Type T-1 wall (18"-27"), ASTM F789 Type
T-1 wall with a minimum pipe stiffness of 46 p.s.i., or ASTM F794 closed
profile UNI B-9 series 46.

When the depth of the cover over the top of the pipe is greater than
fourteen feet (14') only ASTM D3034 (8"-15") SDR 26 PVC sewer pipe
and fittings of AWWA C905 CI outside diameter (14"-36") SDR 26 PVC
water transmission pipe and fittings may be used.  For pipe diameters
greater than thirty six inches (36"), PVC is not allowed.  No fillers or
extenders shall be added to the PVC resin other than those ingredients
normally required for lubrication, ultra violet light protection, stabilization,
resin modification and pigments essential for processing, property control
or coloring. The PVC sewer pipe shall have elastomeric gasket joints
conforming to ASTM D3212 and gaskets to ASTM F477.

Polyvinyl chloride (PVC) exposed ribbed open profile gravity sewer pipe
will not be permitted for use as a sanitary sewer transmission line.

All plastic pipes shall be continuously and permanently marked with the
following information:  manufacturer's name, pipe size (nominal),
schedule size, type of material, code number, and the ASTM designation
with which the pipe complies.
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6. Polyvinyl Chloride (PVC) Pressure Pipe:  Polyvinyl Chloride (PVC)
Pressure Pipe used for force mains or other use as specified in the plans
shall conform to a minimum of SDR 26 as specified in AWWA C900 and
AWWA C905.  It shall be hydrostatic tested at the lowest point to a
pressure equal to two (2) times the sum total of the pressure due to the
design hydrostatic head of the water column plus the total friction loss
with a maximum of 150 p.s.i.

7. Cast Iron Pipe:  Cast Iron Pipe will not be permitted for use as sanitary
sewer transmission line.

8. Ductile Iron Pipe and Fittings:  Ductile Iron Pipe shall have 60,000 p.s.i.
tensile strength, 42,000 p.s.i. yield strength, ten percent (10%) maximum
elongation and shall conform to the requirements of the latest revision of
ANSI Standard A21.51/AWWA C151. Thickness or class shall be that
required for laying condition type 4 or 5, in accordance with actual
conditions at the site. Ductile iron pipe may be "thickness designed" in
accordance with requirements of the latest revision of ANSI Standard
A21.50/AWWA C150. Thickness design shall be based on standard
laying conditions 4 or 5 in accordance with conditions at the site. Fittings
for ductile iron pipe shall have not less than the thickness, class, or
pressure rating specified for ductile iron pipe.  Fittings shall be furnished
with all necessary glands, gaskets, bolts, etc., as may be required to
complete the joints.
Rubber-gasket joints for mechanical joints or "push on" type joints shall
conform to the requirements of ANSI Standard A21/AWWA C111.

All ductile iron pipe and fittings shall be polyethylene lined.

The polyethylene lining material for pipe and fitting shall be virgin
polyethylene ANSI/ASTM D-1248, compounded with inert filler and with
sufficient carbon black to resist ultraviolet rays during storage of the pipe
and fittings. The polyethylene shall be bonded to the interior of the pipe or
fitting by heat. Polyethylene lining in pipe and in fittings shall be 40 mils
nominal thickness. Minimum lining thickness shall be 30 `mils.

Procedure for sealing cut ends and repairing field-damaged areas of
"Outside Coated" and "Interior Lined" ductile iron pipe and fittings shall
comply with manufacturer's specifications.

All ductile iron pipe shall be continuously and permanently marked with
the information described as follows:  The weight, class or nominal
thickness, and casting period shall be shown on each pipe; The
manufacturer's mark, the year in which the pipe was produced, and the
letters "DI" or "DUCTILE" shall be cast or stamped on the pipe; All
required markings shall be clear and legible, and all cast marks shall be
on or near the bell; All letters and numerals on pipe sizes 14 inch and
larger shall be not less than 1/2 inch in height.

9. Prestressed concrete cylinder pipe:  Prestressed concrete cylinder pipe
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will not be permitted for use as sanitary sewer transmission line. 

10. All sanitary sewer pipe and fittings shall be tested and stamped by an
independent testing laboratory or the San Antonio River Authority.  This
independent testing laboratory shall provide a certificate of compliance to
these specifications that shall be signed by a registered professional
engineer.

11. Mechanical or compression joints, concrete jointing collars, or non-
reinforced rubber adaptors shall be used only as approved by the Owner.

402.3 CONSTRUCTION METHODS: All sanitary sewer mains shall be constructed in 
accordance with the specifications herein outlined and in conformity with the 
required lines, grades, and details shown on the plans and as directed by the 
Engineer. Successful passage of the air test, as described under TCEQ Criteria, 
shall be required for the acceptance of the mains. 

1. Ductile Iron Pipe twenty-four inches (24") and smaller shall rest on an
undisturbed earth foundations where stable bedding conditions exist,
continuously throughout its length, true to line and grade.  When bell and
spigot pipe is used, the position of the pipe bells shall be determined by
measurement, and cross excavation just adequate to admit the pipe bells
without bearing shall be cut.

It is specifically provided, however, that if rock occurs in boulder ledge or
coarse gravel formations at the bearing level it shall be removed to a
depth of not less than six inches (6") below the lowest bearing level of the
pipe and replaced with approved select bedding material in conformance
with Item 400.4,2.a., "Bedding", after which fine grade and excavation for
bells shall be done in the manner described above.

2. Where ductile iron pipe to be laid is larger than twenty-four inches (24") in
diameter, the trench bottom shall be shaped by fine grading to firmly
embed the lower quadrant of the pipe.  At the direction of the Engineer,
the Contractor shall provide a template for shaping purposes.

For flexible pipe and as an alternate to the above for ductile pipe, the
bottom of the trench shall be excavated (undercut) and the lower
quadrant of the pipe embedded in approved select bedding material in
conformance with Item 400.4,2.a., "Bedding", in accordance with lines
and thickness as specified herein.

3. Subgrade filler:  When laying pipe in unstable materials as defined by
Item 400.4,2.a.(2), "Bedding", the Contractor shall, when directed by the
Field Representative, under-excavate and remove existing unstable
materials or rock, as directed by the Field Representative, and replace
with subgrade filler material as directed and defined by Item 400.4,2.a.(3),
"Subgrade Filler".

4. Pipe Laying:  The Field Representative will inspect all pipe before it is
placed in the trench and will reject any sections found to be damaged or
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defective to a degree that would affect the function of the pipe.  Rejected 
pipe shall be immediately removed from the site of the work.  The 
Contractor shall be required to commence construction and laying of pipe 
at the downstream end of the sanitary sewer outfall line and proceed 
non-stop in a forward upstream direction unless otherwise noted on the 
plans. 

No pipe shall be laid within ten feet (10') of any point where excavation is 
in progress. Pipe laying shall proceed upgrade with the tongue or spigot 
pointing in the direction of flow.  Pipe shall be lowered into the trench 
without disturbing the prepared foundation or the trench sides.  The 
drilling of lifting holes in the field will not be permitted. 

Pipe shall be pulled home in a straight line with all parts of the pipe on 
line and grade at all times.  No side movement or up and down movement 
of the pipe will be permitted during or after the pulling operation.  Should 
coupled joints of pipe be out of line or off grade, they shall be removed 
one joint at a time and brought to the proper line and grade.  The lifting or 
moving of several joints of coupled pipe at one time to close a partially 
open joint or to fine grade under laid joints of pipe will not be permitted. 
Pulling or pushing a joint of pipe in place by using a crane, bulldozer or 
backhoe will not be permitted. No pipe shall be installed in tunnels except 
as provided on the plans, or with the permission of the Engineer.  If the 
Contractor finds it necessary to install pipe in tunnels not provided on the 
plans, he shall submit to the Engineer, prior to commencement of work, a 
detailed outline of procedures, methods, and use of materials depending 
on existing soil conditions. 

No horizontal or vertical curves shall be permitted, except as authorized 
by the Engineer.  The minimum radius for the type sewer pipe used shall 
be as recommended by the manufacturer or greater and approved by the 
Engineer. 

Before leaving the work unattended, the upper ends of all pipelines shall 
be securely closed with a tight fitting plug or closure.  The interior of laid 
pipe shall be kept free from dirt, silt, gravel or foreign material at all times. 
The interior of pipe shall be cleaned of all foreign material prior to final 
acceptance of the line.  All pipe in place must be approved before 
backfilling. 

Pipe shall be cut from measurements taken at the site and not from the 
plans.  Necessary provisions shall be taken in laying pipe to provide for 
expansion and contraction. 

5. Ductile Iron Pipe:  Under no circumstances shall ductile iron pipe be cut
or repaired using an acetylene torch.  Cuts and repairs must be made by
a cutting machine which shall be approved by the Engineer.

6. Trench Safety:  All excavation and trenching shall conform to Item No.
700, "Trench Excavation Protection".
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7. Laser Beams: The use of laser beams for vertical control shall be
required provided the Contractor makes available to the Inspector, when
requested, a level and rod of sufficient sensitivity to accurately determine
differences in elevation between points 300 feet apart with one instrument
set-up.

No pipe shall be installed in tunnels except as provided on the plans, or
with the permission of the Engineer. If the Contractor finds it necessary to
install pipe in tunnels not provided on the plans, he shall submit to the
Engineer, prior to commencement of work, a detailed outline of
procedures, methods, and use of materials depending on existing soil
conditions.

No horizontal or vertical curves shall be permitted in conformance with
appropriate regulatory agency requirements.

Before leaving the work unattended, the upper ends of all pipelines shall
be securely closed with a tight fitting plug or closure. The interior of laid
pipe shall be kept free from dirt, silt, gravel, or foreign material at all
times. All pipes in place must be approved before backfilling.

When replacing an existing system in place, Contractor shall maintain
screens to prevent the entrance of construction debris into the sewer
system.

402.4 WATER MAIN CROSSINGS:  Where sanitary sewer gravity or force mains are 
to be constructed in the vicinity of water mains, the requirements of the "Design 
Criteria for Sewage Systems" of the Texas Department of Health/Texas Natural 
Resources Conservation Commission shall be followed. 

1. Water line/new sewer line separation.  When new sanitary sewers are
installed, they shall be installed no closer to water lines than nine feet in
all directions.  Sewers that parallel water lines must be installed in
separate trenches.  Where the nine foot separation distance cannot be
achieved, the following guidelines will apply.

a. Where a sanitary sewer parallels a water line, 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 water line.

b. Where a sanitary sewer crosses a water line 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 water line where
possible and one length of the sewer pipe must be centered on
the water line.
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c. Where a sewer crosses under a water line and the sewer is
constructed of ABS truss pipe, similar semi-rigid plastic composite
pipe, 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 water line.  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.

d. Where a sewer crosses over a water line all portions of the sewer
within nine feet of the water line 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 spring
line with washed sand.  The encasement pipe should be centered
on the crossing and both ends sealed with cement grout or
manufactured seal.

2. Water line/manhole separation.  Unless sanitary sewer manholes and the
connecting sewer can be made watertight and tested for no leakage, they
must be installed so as to provide a minimum of nine feet of horizontal
clearance from an existing or proposed water line.  Where the nine foot
separation distance cannot be achieved, a carrier pipe as described in
1.d,  above, may be used where appropriate.

402.5 TRAPS AND INTERCEPTORS: 

Traps and interceptors (FOG - TCEQ): 
All commercial buildings will have traps (FOG-TCEQ) and will follow the 
uniform plumbing code & the City of San Antonio building inspections 
department code “Division 5 – Fats, Oils and Grease”. The City of San 
Antonio code can be found at: 
http://library.municode.com/html/11508/level4/ptiico_ch34wase_artvsetrtr
di_div5faoigr.html#ptiico_ch34wase_artvsetrtrdi_div5faoigr_s34-
525gepr#toptitle 

Oil separators 
Which include oil separator- gasoline service stations, car washes, 
garages, dry cleaners, chemical plants, gas plants, hide processors, 
testing laboratories, or any place where oil or solvents may be introduced 
into the sanitary sewer system.  The sizing criteria for oil separators shall 
be based on the g.p.m. rate of all fixtures, appliance or appurtenance, 
draining into sewer system.  

Sand interceptors:  
Sand interceptors shall be installed in the sewer system of the following 
establishments, garages, car washes, service stations, or any place of 
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business where heavy solids may be introduced into the sanitary sewer 
system. The sizing criteria for a sand interceptor shall be based on the 
required g.p.m. x 12 minute retention times to obtain the tank size in 
gallons capacity. 

Automatic car washes 
With high pressure sprays and /or brushes install a 50 g.p.m. interceptor 
minimum, for a 4-bay vehicle wash, the size of the interceptor shall 
increase 10 g.p.m. for each additional wash bay over 4. Single bay or 
portable washer type vehicle washes shall install a 20 gpm interceptor 
minimum neutralizing devices in no case shall corrosive liquids, spent 
acids, or other harmful chemicals which might destroy or injure a drain, 
sewer, soil, or waste pipe, or which might create noxious or toxic fumes, 
discharge into the sanitary sewer system without being thoroughly 
neutralized by passing through a properly constructed and acceptable 
neutralizing device.  Such device shall be provided with a sufficient intake 
of neutralizing medium, consisting of limestone or marble chips, so as to 
make its contents non-injurious before being discharged into the sanitary 
sewer system. 

Lint traps: 
Public and private washaterias and commercial laundries shall install a 
lint trap equipped with a conveniently located and easily removable wire 
basket or other similar device that will prevent the strings, rags, buttons, 
or other prohibited material from entering the sanitary sewer system.  The 
basket or other similar device shall prevent passage to the sanitary sewer 
system of solids greater than ½“ inch in diameter.  The lint trap size shall 
be based on the total g.p.m. of all fixtures, appliances and appurtenances 
draining to it in lieu of a lint trap, a lint interceptor may be installed.  The 
interceptor shall be sized and designed by a Texas registered engineer 
with his seal and signature on the drawings. 

Silver recovery units:  
Silver recovery units shall be installed in waste line(s) leading from x- ray 
processing, photographic processing, and /or any procedures in 
establishment such as medical labs, dental labs, photo finishers, printers, 
graphic arts production facilities, hospital, facilities, veterinary hospitals, 
or other establishments where silver may be introduced into the sanitary 
sewer system. 

Solids interceptors: 
Solids interceptors shall be installed when pre-treatment of waste streams 
is necessary to prevent solids greater than ½” in diameter, which may 
cause line stoppage from entering the sanitary sewer system. 

Grease Interceptors: 

Gravity. A plumbing appurtenance of not less than 500 gallons (1893 L) 
capacity that are installed in the sanitary drainage system to intercept 
free-floating fats, oils, and grease from waste water discharge. Separation 
is accomplished by gravity during a retention time of not less than 30 
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minutes.  The appurtenance shall be a double compartment, first 
compartment 60% and the second compartment 40% with a minimum 20” 
manhole access to each compartment unless otherwise approved by the 
code official. 

A. Interceptors shall be constructed in accordance with the design 
approved by the San Antonio River Authority consisting of a 
minimum of two compartments with fittings designed for   grease 
retention and provide for a minimum of thirty (30) minutes 
retention. 

B. there shall be an adequate number of manholes to provide access 
for cleaning all areas of an interceptor, one manhole per trap 
compartment.  Manhole covers shall be gas tight in construction 
having a minimum opening dimension of 20 inch inches (0.5 m). 

C. In areas where traffic may exist the interceptor shall be designed 
to have adequate reinforcement and cover. 

D. All interceptors shall have the size of the interceptor (in gallon per 
minute or gallon capacity) permanently affixed to the device. 

E. All concrete utilized in the construction of interceptor shall have a 
minimum strength of 3000 psi. 

F. An effluent sampling well on all interceptors shall be required. 
The sample well shall have a riser a minimum of 6” inches in 
diameter and shall be installed after the confluence of all waste 
streams from the facility and prior to discharging into sanitary 
sewer collection system. The well shall be perpendicular to the 
effluent lateral to allow visual observation of the flow stream and 
provide for sampling of waste water. 

Water tight testing (24 hours) 

G.  All interceptors shall be water tested out at job site after being 
installed (plug both ends and fill to top of interceptor). Interceptor 
shall show no leakage from section seams, pinholes, or other 
imperfections. Any leakage is cause for rejection. When leakage 
occurs, additional water testing shall be made. After correcting 
measure test, reports shall show total number of interceptors 
tested. When leakage occurs corrective measures taken shall be 
reported by the SARA inspectors. Sara inspectors shall record in 
daily log with project name, date it was tested and completed.  

402.5 MEASUREMENT:  "Sanitary Sewers" construction will be measured from center 
of manhole to center of manhole to determine the actual horizontal distance. 

402.6 PAYMENT:  "Sanitary Sewers" will be paid for at the contract bid price per linear 
foot complete in place for the size of line constructed.  Said price shall be full 
compensation for furnishing all materials, trenching, pumping, bedding, 
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haunching, initial backfilling, secondary backfill, concrete plugs, seepage 
retainage, laying and jointing, tamping, water, vertical stacks, air testing, line 
cleaning, television inspection, labor, tools, equipment and other incidentals 
necessary to complete the work. 
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ITEM NO. 404 

STANDARD SANITARY SEWER MANHOLES 

404.1 DESCRIPTION:  This item shall govern for the construction of standard sanitary sewer 
manholes complete in place and the materials therein, including manhole rings and 
covers.  Manholes shall be constructed of materials and workmanship as prescribed by 
these specifications, at such places shown on the plans or designated by the Engineer, 
and in conformity with the typical details and sketches shown. All plans, materials and 
specifications shall be in accordance with the Texas Administrative Code (TAC) rules to 
include: Design Criteria for Domestic Wastewater Systems 30 TAC § 217 or any 
revisions thereto as applicable. 

A standard sanitary sewer manhole shall be a single maintenance entrance cylindrical 
structure having a uniform internal diameter of four feet (4'), five feet (5’), or six feet (6’) 
from the base of the structure to the bottom of the diameter adjustment section or cone. 
The base of the structure shall include the load bearing portion beneath and exterior of 
the structure, invert channels and the fill or bench portions adjacent to the lower sewer 
pipes within the structure as shown on the plan details.  The  vertical height of the 
diameter adjustment section or cone shall be between twenty-four inches (24") and 
thirty-six inches (36”).  Adjustment or throat rings may be used for elevation adjustment 
of the manhole ring and cover.  Manhole ring concrete encasement as shown on the 
plan details, or equal, shall be provided to attach the ring and cover to the diameter 
adjustment section or cone. 

404.2 TYPES:  Unless otherwise shown on the plans and details or approved by the Engineer, 
standard sanitary sewer manholes shall be constructed with precast reinforced concrete 
manhole sections. Manholes which differ from the above description shall be governed 
by “Sanitary Sewer Structures”, Item No. 405 of these specifications. 

404.3 MATERIALS: 

1. Precast Reinforced Concrete Manhole Sections:  Precast reinforced concrete
manhole sections shall conform to the requirements of ASTM C 478.  The
precast sections shall have rubber gasket compression joints conforming to the
material and performance requirements of ASTM C 443.

Precast Concrete Manhole Base:  A steel reinforced concrete base may be used
with precast concrete manhole sections.  This base shall be furnished with
confined O-ring joints in conformance with ASTM C 443.  The reinforced
concrete precast manhole base as shown on the plans shall be manufactured in
accordance with ASTM C 478.  The precast base may have formed smooth
invert channels cast at the angles which are indicated on the plans.  The invert
channel shall, unless otherwise required by the plans and specifications, have
three inch (3") fall toward the outlet and inverts shall be designed to prevent
reverse flow.

Pipe to Manhole Connectors:  Pipe to manhole joint connectors for a watertight
seal between the manhole base and specified sewer line shall be provided for
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precast.  The pipe to manhole connection shall be made with the PSX Positive 
Seal System or Engineer approved equal.  This joint shall comply with ASTM 
C923. 

All precast manhole sections and bases shall have a certificate of compliances 
and stamped by an independent certified test laboratory or the San Antonio River 
Authority. 

2. Mortar:  Mortar shall be composed on one (1) part Portland Cement, two (2) parts
sand and sufficient water to produce a workable mixture.  When used to plaster
manholes, mortar may be composed of one (1) part cement to three (3) parts
sand.  Up to ten percent (10%) lime may be used in both mixes.

3. Manhole Rings and Covers:  Watertight manholes are required unless otherwise
approved by the governing entity.  Watertight manhole rings and covers shall be
cast iron as manufactured by East Jordan Iron Works with four-hundred (400)
lbs. minimum combined weight, six inches (6") total height, and  thirty inches
(30”) minimum ring inside diameter or Engineer approved equal.  Covers with
SARA logo shall contain no holes or openings except as required for bolts.  Two
lifting bars with slots adequate for pick insertion shall be cast into the cover for
lifting purposes.  Covers shall seat on a minimum five-sixteenths inch (5/16")
diameter rubber ring gasket conforming to the material requirements of ASTM C
443.  The rubber gasket shall rest in a groove cast in the ring inside of the bolts.
Four (4), five-eighths of an inch (5/8") diameter stainless steel, hex head bolts
shall be provided for each cover and one (1) bolt shall be Manhole Lock ½ -
13X2.203 Lg, as manufactured by McGard Inc. part No. 117150, or approved
equal..  The four (4) bolt holes in the covers shall be evenly spaced and provided
with a minimum of one and one-half inch (1 1/2") diameter counter sinks for the
bolt heads.  On the fastened and bolted position the bolt heads shall not extend
beyond the surface of the cover.  Gaskets of a size and material as approved by
the Engineer shall be provided for the bolts to insure air and water tightness.
Alignment marks shall be cast onto watertight rings and covers for proper bolt
alignment.

The finished frames and covers shall have the bearing surfaces machined 
ground and sets of rings and covers shall be marked in such a way that they can 
be matched for assembly in field.  Standard manhole rings and covers shall be 
cast iron as manufactured by East Jordan Iron Works with four-hundred (400) 
lbs. minimum combined weight, six inches (6") total height, and  thirty inches 
(30”) minimum ring inside diameter or Engineer approved equal.  Covers shall 
contain no holes or openings.  Two lifting bars shall be cast into the cover with 
slots adequate for pick insertion for lifting purposes.  All covers shall have the 
words "Sanitary Sewer" cast thereon, in addition to having “SAN ANTONIO 
RIVER AUTHORITY”  as show on SARA standard detail SD404, page 7 of 7. 

If concrete throat rings are to be installed they must be used in conjunction with a 
UV stabilized polyethylene liner and I/I barrier. I/I barrier must meet the following 
ASTM standards:  ASTM d-790/1505 density of polyethylene materials, ASTM d-
1238 melt flow index, ASTM 638 tensile strength@ yield (50 mm/mm), ASTM 
790 flexural modulus, ASTM 648 heat deflection temperature @IGEPAL, ASTM 
1693 escr,100% IGEPAL /10% IGEPAL.   A minimum of two and a maximum of 
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four throat rings will be used at each manhole for adjustment. 

Infiltration dishes: Infiltration dishes will be required in manholes where 
applicable (I.E, such as low drainage areas) and every third manhole shall be 
vented.  30” manhole cover with 1” inch hole center of cover where applicable/or 
water tight /bolt down. 

Note: Manhole cover inserts shall be FRW industries, inc., “inflow protector-
cover” “Preco industries. Ltd.”, “sewer guard”, or approved equal, and shall be 
installed in strict accordance with the manufacturer's recommendations. The 
contractor shall be responsible for making the necessary field measurements for 
the manufacturer prior to production.       

4. Concrete:  All concrete for manholes shall conform to the provisions of Item No.
300, "Concrete (Class A)".

5. Reinforcing Steel:  All reinforcing steel shall conform to the provisions of Item No.
301, "Reinforcing Steel".

6. Throat Rings:  Adjustment throat rings shall be reinforced concrete rings having a
maximum thickness of two inches (2").  The concrete ring reinforcement steel
shall be a minimum of No. 2 wire.  The internal diameter shall not be less than
thirty-inches (30”) and the width shall be a minimum of five inches (5").  Concrete
shall conform to the provisions of Item No. 300, "Concrete (Class A)".  A
minimum of two and a maximum of four throat rings shall be used at each
manhole for adjustability.

7. Coating:  All new manholes shall be watertight and the interior walls coated with
a SARA approved sewer structural coating.

Before backfilling/compaction/concrete encasement all manhole joint sections
risers, cone sections and grade rings shall be wrapped with Gator Wrap sealing
systems, Butyl Adhesive Sealant with a minimum thickness of 30 MILs, Infi-shield
wrapped with riser-wrap Gator Wrap sealing systems.

New manhole protective coating, liner is for the purpose of i/i infiltration because
of high water table. Application procedures accordance with manufacturer's
recommendation and per the following specifications:

a. Manhole protective coating:  contractor will be responsible for manholes
on project safety assessment; confined space entry set by occupational
safety and health standards, 29 cfr 1910.146 app. E.

b. The contractor shall notify the SARA, utilities inspections department with
a minimum of 2 days advance notice of the start of any field surface
preparation work of coating application work of manholes.

c. All new manholes in new developments shall be 30” opening, watertight
and the interior wall coated with a SARA approved sewer structure for all
manholes. Apply a combination of both products with the cementitious
coating first, followed by the epoxy coating Lafarge Sewpercoat 2000 hr
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regular, with the required one-inch thick application. This is the only 
product yet approved which satisfies the requirement of applying the 
combination of both the cementitious coating and epoxy coating. 

Approved materials are as follows: 

a. Cementitious coating with required one-inch thick application

• ·Permacast CR - 5000 
• ·Strong-Seal MS-2C 
• ·Standard Cement Material inc Peliner 
• ·Quadex Aluminaliner  

b. Epoxy coating:  with specified thickness application.

• Raven 405 series high build epoxy liner required thickness 125
mils

• Spray wall polyurethane system required thickness 150 mils

8. Rubber: Rubber meets ASTM C923/Mastic meets ASTM C990 or equal
approved by the SARA engineer.

404.4 CONSTRUCTION METHODS:  Manholes shall be constructed of materials and 
workmanship as prescribed by these specifications, at such places shown on the plans 
or designated by the Engineer, and in conformity with the typical details and sketches 
shown. 

1. Footings or bases of manholes shall be a minimum of  six inches (6”) in depth
below the bottom of the pipe and reinforcing steel is required to be placed in the
concrete as per Item No. 301 "Reinforcing Steel".  All manhole bases shall be
bedded on six inches (6") of crushed stone placed to provide a firm foundation for
the manhole.

2. Manhole Inverts:  The bottom of the manhole shall be provided with a "U" shaped
channel that is as much as possible a smooth continuation of the inlet and outlet
pipes.  The bench shall be finished smooth with a slope of one-half inch (1/2")
per foot from the manhole walls to the edges of the invert.  For manholes
connected to pipes less than 15 inches in diameter the channel depth shall be at
least half the largest pipe diameter.  For manholes connected to pipes 15 to 24
inches in diameter the channel depth shall be at least three-fourths the largest
pipe diameter.  For manholes connected to pipes greater than 24 inches in
diameter the channel depth shall be at least equal to the largest pipe diameter.

The top half of all sewer pipes within the invert channel or bench zone shall be
removed flush to the inside manhole walls.  In manholes with different pipe sizes,
the tops of the pipes shall be placed at the same elevation and flow channels in
the invert sloped on an even slope from pipe to pipe.

3. Joints on sewer pipe shall not be cast or constructed within the wall sections of
manholes.  Gasket and joint surfaces on recessed O-Ring joints shall be
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lubricated with a lubricant suitable for use with confined rubber O-Ring concrete 
pipe joints.  Dust, dirt, and foreign matter must be removed from the joint 
surfaces.  Lubricant can be applied with a brush, cloth pad, sponge, or glove.  A 
smooth round object should be inserted under the gasket and run around the 
circumference two or three times to equalize stretch in the gasket. 

4. Concrete cradles shall be provided for all influent and effluent pipes on new
manhole and sewer pipe systems which do not utilize precast manhole bases
with compression or resilient joint connectors.  Concrete cradles shall extend
beyond the outside walls of the manhole a minimum of thirty-six inches (36").

On new sewer manhole and pipe systems and new pipe systems connecting to
existing manholes, pipes entering a manhole above the lowest sewer shall
project two inches (2") from the inside wall.  Such pipes shall be installed with a
joint a minimum of six inches (6") and a maximum of eighteen inches (18") from
the outside manhole wall.  A concrete cradle shall be provided for the pipe
extending from the manhole wall a minimum distance of thirty-six inches (36") on
those manholes which do not utilize precast concrete manhole bases with
compression or resilient joint connectors.

Precast Manhole Bases:  The contractor shall level and plumb the base prior to
setting the precast manhole riser sections on the precast concrete base.
Concrete cradles shall not be required for precast concrete manhole bases which
utilize resilient or compression joints as shown on the plans and details.

5. Voids between exterior pipe walls and manhole walls at all pipe connections in
manholes shall be filled with a non-shrink grout, concrete or mortar as approved
by the Engineer or as shown on the plan details and inspected prior to backfilling.

6. Where connections to existing manholes are required, the adjacent pipe bedding
shall be prepared to proper grade, the existing manhole neatly cut and the new
pipe inserted so that the end is projecting two inches (2") from the inside wall.
The invert shall then be re-shaped to properly channel new flows.  Debris of any
kind shall be kept out of new or existing manholes or mains.

7. The Contractor shall be required to backfill all new manholes with an approved
flowable backfill in accordance with the requirements of the right-of-way owner
having jurisdiction up to 1 foot above the cone section.

8. Throat Rings:  Throat rings shall be mortared between all bearing surfaces
sufficient to provide a minimum, in place, mortar thickness of one-quarter inch
(1/4").  No more than four (4) or less than two (2) throat rings may be used on
any manhole.

9. Manhole Ring Encasement:  All manhole rings shall be encased with
non-reinforced concrete as shown in plan details or as approved by the Engineer.

a. Concrete for concrete encasement around manholes which are not in a
new or existing street shall conform to the provisions of Item No. 300,
"Concrete (Class B)", minimum.  Manhole rings encasement shall have a
minimum depth of twenty-eight inches (28") with a minimum depth of
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twenty inches (20") below the top of the manhole diameter adjustment 
cone and a minimum thickness when measured at the manhole ring of 
one foot (1').  The surface of the encasement shall be not more than three 
inches (3") below the top of the manhole ring. 

b. Concrete for concrete encasement around manholes which are in new or
existing streets shall conform to the provisions of Item No. 300, "Concrete
(Class D)" minimum, and the minimum dimensions shall be as in manhole
ring encasement paragraph "a", except that the top of concrete shall
match the top of the street base course.

c. Where manholes are to be adjusted in new or existing streets in
accordance with Item No. 512, "Adjusting Existing Manholes", the
concrete replacement for base and subgrade materials maybe used in
lieu of the encasement above.  Dimensions of concrete placed in
accordance with Item No. 512 shall not be less than those specified for
manhole ring encasement.

Where manholes are constructed in existing streets and where directed
by the Engineer or shown on the plans, the exterior exposed surfaces of
the ring, mortar, throat rings and manholes surface shall be coated with a
one-eighth inch (1/8") minimum thickness of Trowel Mastic No. 102 non-
asbestos fiber mastic as manufactured by Monsey Products Company, or
equal prior to placement of concrete.

10. Drop Manholes:  A drop pipe of the same pipe material and size shall be
provided for a sewer pipe entering a manhole more than twenty-four inches (24")
above the invert.  The drop pipe shall be constructed on the outside of the
manhole utilizing Wyes and Ells to provide a smooth drop and a clean out leg as
shown on the detail sheet or plans.  The drop pipe shall be encased with
concrete conforming to the provisions of Item No. 300, "Concrete (Class B)".
Concrete shall extend from the bottom of the manhole base up to the bottom of
the incoming sewer pipe, concrete shall also extend from the outside wall of the
manhole out past the Wye on the Wye branch with a minimum of six inches (6")
on each side.

404.5 TESTING: 

1. Manhole Testing:  Successful passage of a vacuum test shall be required for
acceptance of all sanitary sewer manholes and sanitary sewer structures.

Vacuum testing shall be conducted using an engineer approved vacuum tester.
Pre-testing after connections are made but before backfilling is recommended to
facilitate better and easier repair if required.

The following procedures shall be followed:

a. Plug all manhole inverts and lift holes.  Inverts shall be plugged using
suitably-sized pneumatic or mechanical pipeline plugs.  The plugs shall
be placed a minimum of six inches (6") beyond the manhole wall to
prevent temporary sealing of the inverts.  Follow all manufacturer's
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recommendations and warnings for proper and safe installation of such 
plugs.  Make sure such plugs are properly rated for the pressure required 
for the test.  The standard test of ten inch (10") Hg. (mercury) is 
equivalent to approximately 5 PSIG (0.3 bar) back pressure.  Unless such 
plugs are mechanically restrained, it is recommended that the plugs used 
have a two-times (2X) safety factor or a minimum 10 PSIG (.7 bar) back 
pressure using rating. 

Caution:  Brace inverts if lines entering the manhole have not been 
backfilled to prevent pipe from being dislodged and pulled into the 
manhole. 

b. Install the vacuum tester head assembly at the top access point of the
manhole, preferably the ring area.  Adjust the cross brace to insure that
the inflatable sealing element inflates and seals against the straight top
section of the manhole structure.

Caution:  Do not pressurize manhole - This may result in manhole
damage and/or result in manhole test head dislodging from manhole inlet.

c. Attach the vacuum pump assembly to the proper connection on the test
head assembly.  Make sure the vacuum inlet/outlet valve is in the closed
position.

d. Following all safety precautions and manufacturer's instructions, inflate
sealing element to the recommended maximum inflation pressure.

Caution:  Do not over-inflate.

e. Start the vacuum pump assembly engine and allow preset RPM to
stabilize.

f. Open the inlet/out ball valve and evacuate the manhole to ten inch (10")
Hg. (0.3 bar).

g. Close vacuum inlet/out ball valve, disconnect vacuum pump, and monitor
vacuum for the specified time period.  If the vacuum does not drop in
excess of one inch (1") Hg. over the specified time period, the manhole is
considered acceptable and passes the test.  If the manhole fails the test,
identify the leaking areas by removing the head assembly, coating the
interior surfaces of the manhole with a soap and water solution, and
repeating the vacuum test for approximately thirty seconds.  Leaking
areas will have soapy bubbles.  Once the leaks have been identified,
complete all necessary repairs and repeat test procedures until
satisfactory results are obtained.
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VACUUM TEST TIME TABLE 

DIAMETER (INCHES) 

Depth 
(FEET) 

48" 60" 72" 

4' 10 sec. 13 sec. 16 sec. 

8' 20 sec. 26 sec. 32 sec. 

12' 30 sec. 39 sec. 48 sec. 

16' 40 sec. 52 sec. 64 sec. 

20' 50 sec. 65 sec. 80 sec. 

24' 60 sec. 78 sec. 96 sec, 

* 05 sec. 6.5 sec. 8.0 sec. 

* Add "T" times for each additional 2' depth.  (The values listed above have
been extrapolated from ASTM designation C924-85.) 

h. Repeat the above test procedure after backfilling for final acceptance test.

2. Alternate Manhole Testing:  Manholes may be hydrostatic tested as an alternate
to vacuum testing if approved by the engineer.

Hydrostatic testing shall be conducted by plugging with Engineer approved plugs
all influent and effluent pipes in the manhole and filling the manhole with water to
the top of the manhole cone with water.  Additional water may be added over a
twenty-four (24) hour period to compensate for absorption and evaporate losses.
At the conclusion of the twenty-four (24) hour saturation period the manhole shall
be filled to the top of the manhole cone and observed.  Any loss within a thirty
(30) minute period shall be considered an unsuccessful test.

Contractor to ensure all plugs used to plug sewer lines, while testing the project
(such as air plugs, screw type plugs, etc.) are labeled, marked or tagged.  Project
inspector will record how many plugs are being used, location and I.D., within
collection system.  Contractor will report to project inspector of any lost or
unrestrained plugs into sewer collection system.

Contractor will be held liable for any damages to sewer collection system
stoppages, over-flows, backup into homes caused by lost run away sewer plugs
that were used on that project or outfall line wastewater treatment plants.

Contractor will also be responsible for any damage to wastewater treatment
apparatus, such as screw pumps, etc, caused by lost or run away sewer plugs.
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Contractor will be held liable for damages, as well as cost of repairs. 

3. Trench Safety:  All excavation and trenching shall conform to Item No. 700,
"Trench Excavation Protection".

404.6 WATER MAIN CROSSINGS:  Where manholes are to be constructed in the vicinity of 
water mains, the requirements of the "Design Criteria for Domestic Wastewater Systems 
30 TAC § 217 or any revisions thereto as applicable .  Unless sanitary sewer manholes 
and the connecting sewer can be made watertight and tested for no leakage, they must 
be installed so as to provide a minimum of nine feet of horizontal clearance from an 
existing or proposed water line.  Where the nine foot separation distance cannot be 
achieved, a carrier pipe may be used where appropriate. 

404.7 MEASUREMENT:  "Standard Sanitary Sewer Manholes" materials and installation will be 
measured in the field for each manhole that is complete in place. 

404.8 PAYMENT:  Payment will be at the unit price bid for the manhole indicated and will be full 
compensation to complete construction.  No separate payment will be made for any items 
of work, materials, parts, equipment, supplies, or related items required to perform and 
complete the requirements of the specifications for "Standard Sanitary Sewer Manholes" 
complete in place. 

Payment for manholes specifically identified in the project plans and specifications will be 
made at the unit price bid for each, which price shall include  manhole ring and cover, 
concrete ring encasement, crushed stone, precast sections, manhole covers, precast 
section o-ring gaskets, lubricants, throat rings, cones, flat lids, manhole bases, pipe 
cradles, embedment, testing, concrete, mortar, labor, tools, equipment, pipe to manhole 
connectors, tees, wyes, castings, and related items required to construct, test and 
complete the work. 
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ITEM NO. 405 

SANITARY SEWER STRUCTURES 

405.1 DESCRIPTION:  This item shall govern for the construction of all concrete 
sanitary sewer structures other than standard sanitary sewer manholes including 
manholes larger than four feet (4') in internal diameter, shallow manholes, wet 
wells, dry wells, etc.  All concrete sanitary sewer structures shall be constructed 
in accordance with the specifications herein outlined and in conformity with the 
required lines, grades, sections, and details shown on the plans or as directed by 
the Engineer.  All plans, materials and specifications shall be in accordance with 
the Texas Administrative Code (TAC) rules to include: Design Criteria for 
Sewerage Systems 30 TAC § 217, or any revisions thereto as applicable. 

405.2 MATERIALS: 

1. Concrete:  All concrete shall conform to the provisions of Item No. 300,
"Concrete (Class A)" or shall be of the class as noted on the plans.
Concrete for precast structures shall have a minimum compressive
strength of four-thousand (4,000) p.s.i. in twenty-eighth (28) days and
comply with the applicable requirements of ASTM C 478.

2. Reinforcing Steel:  All reinforcing steel shall conform to the provisions of
Item No. 301, "Reinforcing Steel".

3. Membrane Curing Compound:  All membrane curing compound shall
conform to the provisions of Item No. 305, "Membrane Curing".

4. Manhole Rings and Covers:  All manhole rings and covers shall conform to
the provisions of Item No. 404, "Standard Sanitary Sewer Manholes".

5. All structures and non-structures shall be watertight and the interior walls
coated with a SARA approved sewer structural coating.

405.3 CONSTRUCTION METHODS:  Construction methods shall conform to all 
applicable terms of Item No. 307, "Concrete Structures". 

Sanitary sewer structures constructed to function as manholes, wet wells, dry 
wells or maintenance access appurtenances to gravity sewer systems shall be 
constructed to accommodate influent and effluent pipes as described in applicable 
provisions of Item 404, "Standard Sanitary Sewer Manholes"  and the entire 
completed structure tested as described therein or as approved by the Engineer. 
All sanitary sewer structures and manholes larger than four feet (4') in internal 
diameter shall conform with the minimum wall thickness, reinforcement steel, and 
other requirements of ASTM C 478. 

All excavation and trenching shall conform to Item No. 700, "Trench Excavation 
Protection". 
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405.4  TESTING:  All testing shall conform to Item No. 404.5, “Standard Sanitary Sewer 
Manholes: Testing”. 

405.4 MEASUREMENT:  "Sanitary Sewer Structures" materials and installation will be 
measured in the field for each structure that is complete in place. 

405.6 PAYMENT:  Payment will be at the unit price bid for the diameter of structure 
indicated and will be full compensation to complete construction.  No separate 
payment will be made for any items of work, materials, parts, equipment, supplies 
or related items required to perform and complete the requirements of the 
specifications for "Sanitary Sewer Structures" complete in place. 

Payment for structures specifically identified in the project plans and specifications 
will be made at the unit price bid for each, which price shall include monolithic 
manholes, manhole ring and cover, concrete ring encasement, crushed stone, 
precast sections, manhole covers, precast section o-ring gaskets, lubricants, 
throat rings, cones, flat lids, manhole bases, pipe cradles, embedment, testing, 
concrete, mortar, labor, tools, equipment, pipe to manhole connectors, tees, wyes, 
castings, and related items required to construct, test and complete the work. 
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ITEM NO. 406 

JACKING, BORING OR TUNNELING PIPE 

406.1 DESCRIPTION:  This item shall govern for the furnishing and installation of pipe 
by the methods of jacking, boring, or tunneling as shown on the plans and in 
conformity with this specification.  All work within the City street, County street, 
State highway, or railroad right of way must meet the requirements in this section 
as a minimum and shall meet the requirements of the permit issued by the City, 
County, State or Railroad Owner when their requirements are more stringent. 
Approval of all completed work in the right of way must be obtained from the 
appropriate Official or Owner prior to final acceptance. 

406.2 MATERIALS: 

1. Pipe:  For sanitary sewers, materials shall conform to Item 402.2.7.,
"Polyvinyl Chloride (PVC) Pressure Pipe", or as specified on the plans by
the Owner's Engineer.

2. Casing Spacers:  Casing spacers shall be as manufactured by Advanced
Products and Systems, Inc., SI Model, with 2" wide, 7" long runners and
shall have maximum spacing as recommended by the manufacturer.  All
other casing spacers must be approved by the Owner's Engineer.

3. Casing Pipe:  As shown on project plans.

4. Grout:  Grout for annular spaces shall be sand cement slurry containing a
minimum of seven (7) sacks of Portland Cement per cubic yard of slurry.
All slurry shall be plant batched and transit mixed.

406.3 CONSTRUCTION METHODS: 

1. Jacking:  Suitable pits or trenches shall be excavated for the purpose of
jacking operations.  When pits or trenches are cut such work shall in no
way interfere with the operation of railroads, streets, highways or other
facilities and shall not weaken or damage such facilities.  "Barricades,
lights, signs and other warning devices shall be provided at the
Contractor's expense according to the regulations established in the
TxDOT "Texas Manual on Uniform Traffic Control Devices" to safeguard
traffic and pedestrians."  Contractor shall also follow all OSHA trench
safety rules and regulations.

The pipe to be jacked shall be set on guides to support the section of pipe
being jacked and to direct it in the proper line and grade.  Earthen material
shall be excavated just ahead of the pipe and material removed through
the pipe, and the pipe forced through the opening thus provided.

The excavation for the underside of the pipe, for at least one-third (1/3) of
the circumference of the pipe, shall conform to the contour and grade of
the pipe.  A clearance of not more than two inch (2”) may be provided for
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the upper half of the pipe.  If voids should develop, or if the excavation is 
greater than the outside diameter of the pipe (including coating) by more 
than one inch, as determined by the Engineer, the space shall be filled by 
pressure grouting with a grouting method approved by the Engineer. 

The distance that the excavation shall extend beyond the end of the pipe 
shall depend on the character of the material, but it shall not exceed two 
feet (2') in any case. 

Generally, the pipe shall be jacked from downstream end.  Permissible 
lateral or vertical variation in the final position of the pipe from line and 
grade shall be within +3 inches of plan grade on the upstream end of the 
bore, or as determined by the Owner’s Engineer. 

Any pipe damaged in jacking operations shall be removed and replaced at 
the Contractor's expense. 

All carrier pipe placed in casing shall be supported with bolt on style casing 
spacers as shown in the plans and specified herein. 

The pits or trenches excavated to facilitate this operation shall be 
backfilled immediately after work has been completed.  The backfill shall 
be compacted in twelve inch (12") lifts to ninety-three percent (93%) of the 
maximum dry density as determined by tests on samples as outlined in 
TxDOT Test Method Tex-113-E, unless otherwise shown on the plans. 
Backfilling shall conform to Item 400.4 "Backfilling".  The Contractor must 
submit a jacking plan for approval by the Engineer and/or appropriate 
official. 

2. Boring:  Excavation for "Boring" pits and installation of shoring shall be as
outlined under "Jacking".  The boring shall be done using a pilot hole.  The
pilot hole shall be bored the entire length of the crossing and shall be used
as a guide for the larger hole to be bored.  The use of water or other fluids
in connection with the boring operation will be permitted only to the extent
to lubricate cuttings; jetting will not be permitted.

Variation in line and grade shall apply as specified under "Jacking".
Pressure grouting requirements and procedures are the same as specified
under "Jacking".

All carrier pipe placed in casing shall be installed as outlined under
"Jacking".

Backfilling of pits and trenches shall apply as specified under "Jacking".

The Contractor must submit a boring plan for approval by the Engineer
and/or the appropriate official.

3. Tunneling:  Tunneling may be used when the size of the proposed pipe or
the use of a monolithic sewer would make the use of tunneling more
satisfactory than "Jacking" or "Boring".

Item 406 Page 2 of 3 April 2014 



San Antonio River Authority Standard Specifications for Utility Construction 

The excavation for pits and the installation of shoring shall be as specified 
under "Jacking". 

The lining of the tunnel shall be of the material shown on the plans. 

Pressure grouting requirements and procedures are the same as specified 
under "Jacking". 

All carrier pipe placed in casing shall be installed as outlined under 
"Jacking". 

Backfilling of pits and trenches shall apply as specified under "Jacking". 

4. Casing End Plugs:  Casing shall be plugged on both ends before
backfilling.  Plugs shall consist of minimum of 2 l.f. of low strength grout
(1,500 p.s.i. minimum).  The plug shall create a watertight seal between
the casing and the carrier pipe.  Any casing spacers within the grouted
sections shall be greased or treated otherwise to prevent bonding of the
grout to the casing spacer.

5. Trench Safety:  All excavation and trenching shall conform to Item No.
700, "Trench Excavation Protection".

406.4 MEASUREMENT:  "Jacking, Boring or Tunneling Pipe” materials and installation 
will be measured in the field and the linear feet considered for payment will be the 
actual horizontal distance as derived from a begin casing to end casing horizontal 
measurement.  Measurements exceeding the proposal quantity will not be 
considered for payment unless approved in writing in advance. 

406.5 PAYMENT:  This item will be paid for at the contract linear foot unit price bid for 
"Jacking, Boring or Tunneling Pipe" for the diameter of pipe indicated as based on 
the actual horizontal distance, which price shall be full compensation for the work 
specified including line cleaning, air testing and television inspection. 
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ITEM NO. 407 

CONCRETE ENCASEMENT, CRADLES, SADDLES AND COLLARS 

407.1 DESCRIPTION:  This item shall govern for placing concrete encasements, 
cradles, saddles and collars, when called for by the plans, or as directed by the 
Engineer. 

407.2 MATERIALS:  Concrete:  All concrete shall conform to the provisions of Item No. 
300, "Concrete (Class B)" or shall be of the class as noted on the plans.  Backfill 
on top of concrete shall not begin until concrete has achieved eighty percent 
(80%) of the minimum design strength. 

407.3 CONSTRUCTION METHODS: 

1. Concrete Encasement:  When concrete encasement is shown on the plans
or when directed by the Engineer, the trench shall be excavated and fine
graded to depth conforming to details and sections shown on the plans.
The pipe shall be supported by precast concrete blocks of the same
strength as the concrete for encasement and securely tied down to prevent
floatation.  Encasement shall then be placed with a minimum concrete
thickness of six inches (6") in any direction from the outside diameter of
the pipe.

2. Concrete Cradles:  When concrete cradles are shown on the plans or
when called for by the Engineer, the trench shall be prepared and the
pipe supported in the same manner as described in paragraph 407.3,1.,
of this specification and shall be constructed in accordance with details
and sections shown on the plans. Straps/Tie Downs shall be of No. 4
rebar diameter minimum or better as determined by SARA Inspector.

3. Concrete Saddles:  When shown on the plans or when directed by the
Engineer, pipe to receive concrete saddle shall be backfilled in accordance
with Item No. 400, "Excavation, Trenching and Backfill" to the spring line
and concrete placed for a minimum depth and width clearance of six
inches (6") around the pipe.

4. Concrete Collars:  When shown on the plans or when directed by the
Engineer, concrete collars shall be constructed with a minimum concrete
thickness of six inches (6") in any direction from the outside diameter of
the pipe and with a minimum length of two feet (2').

407.4 MEASUREMENT:   Except when said items are subsidiary to other pay items, 
"Concrete Encasement, Cradles, Saddles, and Collars" will be measured by the 
cubic yard of accepted work, complete in place. Reinforcing, if required, shall not 
be measured for payment. 

407.5 PAYMENT:   Except when said items are subsidiary to other pay items, 
"Concrete Encasement, Cradles, Saddles, and Collars" will be paid for at the unit 
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price bid per cubic yard, which price shall be full compensation for the work 
specified. 

No separate payment will be made for any items of work, materials, parts, 
equipment, supplies, or related items required to perform and complete the 
requirements of this section for construction of cradles, saddles, and collars.  The 
costs for all such items required shall be considered subsidiary to other items of 
this contract and shall not be paid for separately. 
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ITEM NO. 518 

AIR TESTING 

518.1 DESCRIPTION:  Wastewater lines shall be air tested by the Contractor on 
completed sections.  The air test results will be used to evaluate materials and 
construction methods on the pipe line sections, and successful air tests shall be 
mandatory for the acceptance of the lines. 

518.2 MATERIALS FOR AIR TESTING: 

1. A compressor capable of providing at least three-hundred (300) cubic feet
per minute (cfm) at one-hundred (100) pounds per square inch (p.s.i.) shall
be furnished by the Contractor.

2. Plugs, valves, pressure gauges, air hose, connections, control panel and
other equipment necessary to conduct the air test shall be furnished by the
Contractor.

518.3 TEST PROCEDURES:  The procedures for the low pressure air test shall conform 
to the procedures described in ASTM C-828, ASTM C-924, ASTM F-1417 or other 
appropriate procedures, except for testing times.  The test time shall be as 
outlined in this section.  Clean the sewer to be tested and remove all debris where 
indicated.  Wet the sewer prior to testing.  Backfilling to grade shall be completed 
and all laterals, stubs, and openings shall be capped or plugged by the Contractor 
before the test.  Manholes are to be plugged so they are isolated from the pipe 
and cannot be included in the test.  Under no circumstances is one section of pipe 
or material (i.e. ductile iron pipe) to be tested with another pipe section or material 
(i.e.  PVC pipe) at the same time.  Different sections of pipe are to be tested 
separately. 

For sections of pipe less than 36-inch average diameter, the maximum time 
allowable for the pressure to drop from 3.5 pounds per square inch gauge 
(p.s.i.g.) to 2.5 p.s.i.g. shall be computed by the following equation: 

Q
KDT ))((085.0

=

T =  Time for the pressure to drop 1.0 p.s.i.g. in seconds 
K = 0.000419 (D)(L), but not less than 1.0 
D = Average inside pipe diameter in inches 
L = Length of line of same pipe size being test, in feet 
Q = Rate of loss, assume 0.0015  cubic feet per minute per square foot internal 

surface shall be used since a K value of less than 1.0 shall not be used. 
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Allowable test times for selected type pipe less than 36 inches average inside 
diameter shall be as follows: 

PIPE DIAMETER 
(INCHES) 

MINIMUM TIME 
(SECONDS) 

LENGTH FOR 
MINIMUM TIME 

(FEET) 

TIME FOR 
LONGER LENGTH 
(SECONDS/FEET) 

6
8

10 
12 
15 
18 
21 
24 
27 
30 
33 

340 
454 
567 
680 
850 

1020 
1190 
1360 
1530 
1700 
1870 

398 
298 
239 
199 
159 
133 
114 
100 
88 
80 
72 

0.855 
1.520 
2.374 
3.419 
5.342 
7.693 

10.471 
13.676 
17.309 
21.369 
25.856 

An owner may stop a test if no pressure loss has occurred during the first 25% of 
the calculated testing time.  If any pressure loss or leakage has occurred during 
the first 25% of a testing period, then the test must continue for the entire test 
duration as outlined above or until failure. 

When a main line with connected laterals is to be tested as a unit or when the line 
tested includes more than one pipe size, calculate the test times for each size and 
add the test times to arrive at the total minimum test time for the section.  Any 
drop in pressure, from three and one-half (3.5) p.s.i.g. to two and one-half (2.5) 
p.s.i.g. greater than average back pressure of any ground water as required by 
the above table or formulas shall be cause for rejection.  The Contractor must 
determine the cause of test failure and repair as may be required to accomplish a 
successful air test. 

Test over individual joints or "joint tests" shall be performed in the same manner 
as stated herein with the minimum allowable test time determined from the above 
table or formulas for a minimum of ten (10) feet of length.  Pipes sizes thirty six 
(36) inches inside diameter and larger shall be "joint tested".  Pipes under thirty 
six (36) inches inside diameter may be "joint tested" with the approval of the 
Engineer.  Maximum time allowable for the pressure to drop shall be twenty (20) 
seconds regardless of pipe size. 

518.4 MEASUREMENT AND PAYMENT:  No separate payment will be made for any 
items of work, materials, parts, equipment, supplies, or related items required to 
perform and complete the requirements of this section.  The costs for all such 
items required shall be considered subsidiary to other items of this contract and 
shall not be paid for separately. 
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ITEM NO. 526 

SEWER LINE CLEANING 

526.1 DESCRIPTION:  This item shall govern for the cleaning of sanitary sewer lines. 
Prior to commencing operations for the television inspection, slip lining, or other 
related activities such as grouting or internal sewer line rehabilitation, it shall 
become the responsibility of the Contractor to clean the line of any protrusions, 
solids, or any other extraneous materials, that might prevent the pulling of the 
television camera, liner pipe or other related equipment through the existing 
sewers. 

1. The designated sanitary sewer manhole sections and manholes shall be
cleaned using hydraulically propelled or high velocity sewer cleaning
equipment.  Selection of the equipment shall be based on the condition of
the lines at the time the work commences.  The equipment and methods
selected shall be approved by the Engineer.

2. Satisfactory precautions shall be taken to protect the sewer lines from
damage that might be inflicted by the improper use of cleaning equipment.
Any damages done to a sewer main and/or structure by the Contractor
shall be repaired by the Contractor at no additional cost and to the
satisfaction of SARA. Cleaning shall also include the manhole wall
washing by high pressure water jet.

3. Hydraulic Cleaning: Hydraulic-propelled devices which require a head of
water to operate must utilize a collapsible dam. The dam must be easily
collapsible to prevent damage to the sewer main, property, etc. Whenever
hydraulically propelled cleaning tools, which depend upon water pressure
to provide their cleaning force or any tools which retard the flow of water
in the sewer lines are used, precautions shall be taken to insure that the
water pressure does not cause any damage or flooding to public or
private property being served by the manhole line section involved.  The
flow of sewage present in the sewer lines shall be utilized to provide the
necessary fluid for hydraulic cleaning devices whenever possible.  When
an additional quantity of water from fire hydrants is necessary to avoid
delay in normal working procedures, the water shall be conserved and not
used unnecessarily.  No fire hydrant shall be obstructed or used when
there is a fire in the area.  Before using any water from the public water
supply system, the Contractor shall apply for and receive permission from
the managing water utility.  He shall be responsible for the water meter
and related charges for the set up including the water usage bill.  All
expenses shall be considered incidental to cleaning.

4. High Velocity Cleaning:  Cleaning equipment that uses a high velocity
water jet for removing debris shall be capable of producing a minimum
volume of 50 gpm, with a pressure of 1,500 psi, for the sanitary sewer line
and 3,500 psi for the (manhole) structure at the pump. Any variations to
this pumping rate must be approved, in advance, by SARA. To prevent
damage to older sewer mains and property, a pressure less than 1500 psi
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can be used. A working pressure gauge shall be used on the discharge of 
all high pressure water pumps. The Contractor shall use, in addition to 
conventional nozzles, a nozzle which directs the cleaning force to the 
bottom of the pipe for sewers 18" and larger in diameter. The Contractor 
shall operate the equipment so that the pressurized nozzle continues to 
move at all times. The pressurized nozzle shall be turned off or reduced 
anytime the hose is on hold or delayed in order to prevent damage to the 
line. 

5. Mechanical Cleaning: Mechanical cleaning, in addition to normal cleaning
when required, shall be with approved equipment and accessories driven
by power winching devices. The Contractor shall submit the equipment
manufacturer's operational manual and guidelines to the Engineer, which
shall be followed strictly unless modified by the Engineer. All equipment
and devices shall be operated by experienced operators so that they do
not damage the pipe in the process of cleaning. Buckets, scrapers,
scooters, porcupines, kites, heavy duty brushes, and other debris-
removing equipment/accessories shall be used as appropriate and
necessary in the field, in conjunction with the approved power machines.
The use of cleaning devices such as rods, metal pigs, porcupines, root
saws, snakes, scooters, sewer balls, kites, and other approved
equipment, in conjunction with hand winching device, and/or gas, electric
rod propelled devices, shall be considered normal cleaning equipment.

6. All sludge, dirt, sand, rocks, grease and other solid or semi-solid material
resulting from the cleaning operation shall be removed at the downstream
manhole of the line section being cleaned.  Passing of debris from
manhole line section to manhole line section shall not be allowed.

All debris from manholes shall also be removed either manually or 
mechanically prior to the commencement of other related activities 
connected with the work. When hydraulic cleaning equipment is used, a 
suitable sand trap, weir or dam shall be constructed in the downstream 
manhole in such a manner that the solids shall be trapped.  All solids or 
semi-solids resulting from the cleaning operations shall be removed from 
the site and disposed of.  It is the responsibility of the Contractor to secure 
a legal dump site for the disposal of this material.  Under no circumstances 
shall sewage or solids be removed during the course of these operations 
be dumped into streets or into ditches, catch basins, storm drains, sanitary 
sewer manholes, rivers, or streams. 

7. The San Antonio River Authority makes no guarantee that all of the
sanitary sewers to be entered are clear for the passage of cleaning
equipment.  The methods used for securing passage of the cleaning
equipment are to be at the option of the Contractor and subject to the
approval of the Engineer.  The cost of retrieving the cleaning equipment
and related apparatus, should it become lodged, by any means, during the
cleaning process, shall be the responsibility of the Contractor.

8. If the Contractor removes or damages any portion of an existing manhole
to get equipment into or out of the line, he must replace that portion of the
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manhole as directed by the Engineer. 

526.2 INSPECTION:  Inspection of the line cleanliness will be by the television 
inspection in the next phase of work. 

526.3 MEASUREMENT AND PAYMENT:  No separate payment will be made for any 
items of work, materials, parts, equipment, supplies, or related items required to 
perform and complete the requirements of this section.  The costs for all such 
items required shall be considered subsidiary to other items of this contract and 
shall not be paid for separately. 
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ITEM NO. 527 

TELEVISION INSPECTION 

527.1 DESCRIPTION:  The Contractor shall inspect for the alignment, condition of the 
sanitary sewers, location of existing service connections, or other purposes with 
closed circuit television equipment any manhole line section determined by the 
Engineer to be suspected of having infiltration or other defects.  An inspection 
satisfactory to the Engineer shall be mandatory prior to the acceptance of the line. 

The Contractor shall furnish all labor, materials, equipment, and incidentals to 
provide the televising and a NASSCO-(PACP) standard video, recorded in 
MPEG-1 format and written to DVD video, of sewer lines and manholes utilizing a 
color, closed-circuit television inspection unit to determine their condition. 

527.2 GENERAL:  This item shall govern for the closed circuit televising and  recording 
of new line sections selected by the Engineer.  The interior of the line sections of 
pipes eight inches (8") and above shall be carefully inspected after the line has 
been properly backfilled and successfully air tested to determine the location and 
extent of any breaks, obstacles, sags, irregularities in pipe alignment or grade, 
infiltration or inflow, the location of service connections, or any deficiencies that 
may degrade the line.  The Engineer will make the final determination if repairs 
are required.  If repairs are required, they must be made and the repaired section 
subsequently television inspected to ensure correction of the deficiencies.  The 
cost of all repairs shall be the responsibility of the Contractor.  Sewer lines shall 
be cleaned from manhole to manhole immediately prior to television inspection. 
Contractor shall add water to new pipe so sags and belly’s can be located. 

527.3 METHODS:  
The Contractor shall provide a DVD and logs of the televised inspection for 
review. If the Contractor provides a DVD of such poor quality that it cannot be 
properly evaluated, the Contractor shall re-televise as necessary and provide a 
DVD of good quality at no additional cost to SARA. If the Contractor cannot 
provide a DVD of such good quality that can be reviewed by SARA, SARA may 
elect to televise the line at the Contractor's expense. 

The television unit shall also have the capability of displaying in color, on DVD, 
pipe inspection observations such as pipe defects, sags, points of root intrusion, 
offset joints, service connection locations, and any other relevant physical 
attributes. Each DVD shall be permanently labeled with the following: 

Project name / SARA Job #; 
Date of television inspection; 
Station to station location and size of sanitary sewer; 
Street/easement location; 
Name of Contractor; 
Date DVD submitted; and DVD number. 

The Contractor shall provide a line diagram area sketch and written log for each 
completed segment of DVD sewer main describing the section being televised, 
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flow and camera direction, position of service connections, description, and 
location of failures, pipe condition, weather conditions, and other significant 
observations. 

The television inspection equipment shall have an accurate footage counter 
which displays on the monitor the exact distance of the camera from the center of 
the starting manhole. A camera with rotating and panning lens capabilities is 
required. The camera height shall be centered in the conduit being televised. The 
speed of the camera through the conduit shall not exceed 40 feet per minute.  

The Contractor shall be required to have all materials, equipment, and labor force 
necessary to complete all videotaping on the job site prior to isolating the sewer 
manhole segment and beginning videotaping operations.  

Television inspection shall be done one manhole section at a time. Also the flow 
in the section being televised shall be bypassed if the line is in service and the 
flow exceeds 25% of the internal pipe diameter. When the depth of flow at the 
upstream manhole of the manhole section being worked is above the maximum 
allowable for television inspection, the flow shall be reduced to allowable levels 
by temporarily plugging or blocking the flow or bypass pumping, as approved by 
SARA. 

The Contractor shall not be allowed to float the camera. There may be occasions 
during the televised inspection of a manhole section when the camera will be 
unable to pass an obstruction. At that time, and prior to proceeding, the 
Contractor shall contact the Inspector. If the length of sewer line cannot be 
televised because of obstructions, the Contractor shall clean the system as is 
necessary. If, in the opinion of the Inspector, the obstruction is attributed to a 
collapsed main or pipe deflection, televising shall be suspended, payment shall 
be made based on the actual televised length, and the remaining televising of the 
sewer line shall be continued upon successful correction of the blockage by the 
Contractor at his expense. No additional payment shall be made for additional 
setups required due to obstructions encountered during televising. 

The Contractor is solely responsible for any damage of sewer mains as a direct 
result of televising operations. Any repair shall also be the responsibility of the 
Contractor. The method(s) used for securing passage of the camera are at the 
discretion of the Contractor, as approved by SARA. No separate and/or 
additional payment will be made for any excavation, man entry, or any other 
method which may be required to retrieve video equipment that may have been 
hung up, destroyed, and/or lost during the operation. 

527.4  SEWER MAIN BYPASS PUMPING:  The Contractor shall furnish all labor, 
supervision, tools, equipment, appliances, and materials to perform all operations 
in connection with bypass pumping of sewage flow for the purpose of preventing 
interference with the televising of the sanitary sewer manholes and mainlines as 
well as providing reliable sewer service to the occupants of the buildings being 
served.  

The Contractor will be required to provide adequate pumping equipment and 
force mains in order to maintain reliable sanitary sewer service in all sanitary 
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sewer lines involved in this project. The Contractor shall notify the Inspector 
should a surcharge occur during the televising process which results in overflows 
of sewage. In case of bypass equipment failure, the Contractor shall discontinue 
work and release sewer flows until such time as equipment failure is corrected. 
The location of the pump(s), force main(s), and discharge points shall be 
approved by SARA. Under no circumstances shall the flow be interrupted or 
stopped, such that damage is done to either private or public property, or sewage 
flows or overflows into a storm sewer or natural waterway. 

The Contractor shall provide bypass pumping of sewage around each 
segment(s) of pipe that is to be televised and shall be responsible for all required 
bulkheads, pumps, equipment, piping, and other related appurtenances to 
accomplish the sequence of pumping. A qualified person shall man the pumps, 
on-site, at all times during the bypassing procedure. 

All piping, joints, and accessories shall be designed to withstand the maximum 
bypass system pressure, or a minimum of 50 psi, whichever is greater. During 
bypass pumping, no sewage shall be leaked, dumped, or spilled into or onto any 
area outside of the existing sanitary sewer system. When bypass pumping 
operations are complete, all piping shall be drained into the sanitary sewer prior 
to disassembly. The Contractor shall demonstrate that the pumping system is in 
good working order and can successfully handle flows during cleaning and 
televising operations, prior to commencing with the cleaning and televising of the 
system. 

527.5 MATERIALS REQUIRED FOR BYPASS OPERATION:  The Contractor shall be 
required to have all materials, equipment, and labor necessary to complete the 
repair or replacement on the jobsite prior to isolating the sewer manhole or line 
segment and beginning bypass pumping operations. 

527.6  TRAFFIC CONSIDERATIONS:  The Contractor shall locate bypass pumping 
suction and discharge lines so as to not cause undue interference with the use of 
streets, private driveways, and alleys to include the possible temporary trenching 
of force mains at critical intersections. Traffic management shall be done under 
the approval of respective City, County, or State Traffic, Barricade, and 
Signalization Departments. The Contractor shall not open cut existing streets to 
accommodate bypass pumping piping unless specific written approval is given. 

527.7 PUMP OPERATIONS:  The Contractor shall plug off and pump down the sewer 
manhole and/or line segment in the immediate work area and shall maintain the 
sanitary sewer system so that surcharging does not occur. The Contractor shall 
coordinate with all property owners to ensure that no damage will be caused to 
their property during any and all sewer rehabilitation work. The Contractor shall 
complete the televising as quickly as possible and shall satisfactorily meet all 
requirements prior to discontinuing bypass pumping operations and returning 
flow to the sewer manhole or line segment. The Contractor shall ensure that no 
damage will be caused to private property as a result of bypass pumping 
operations. Ingress and egress to adjacent properties shall be maintained at all 
times. Ramps, steel plates, or other methods shall be employed by the 
Contractor to facilitate traffic over surface piping. There will be no separate pay 
item for this work. 
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In the event that sewage accidentally drains into the drainage system or is spilled 
within the project, the Contractor shall immediately stop the overflow, notify the 
Inspector, and take the necessary action to clean up and disinfect the spillage 
using an HTH, or equal, chemical, at no additional cost to SARA. 

 527.8 MEASUREMENT AND PAYMENT:  No separate payment will be made for any 
items of work, materials, parts, equipment, supplies, or related items required to 
perform and complete the requirements of this section.  The costs for all such 
items required shall be considered subsidiary to other items of this contract and 
shall not be paid for separately. 
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ITEM NO. 700 

TRENCH EXCAVATION PROTECTION 

700.1 DESCRIPTION: 

1. RELATED WORK SPECIFIED ELSEWHERE:

Section 306: Structural Excavation
Section 307: Concrete Structures
Section 400: Excavation, Trenching and Backfilling
Section 402: Sanitary Sewers
Section 404: Standard Sanitary Sewer Manholes
Section 405: Sanitary Sewer Structures
Section 406: Jacking, Boring or Tunneling Pipe
Section 407: Concrete Encasement, Cradles, Saddles and Collars
Section 408: Vertical Stacks
Section 512: Adjusting Existing Manholes

2. DEFINITIONS:  Definition of terms shall be as set forth in the Code of Federal
Regulations, Subpart P, 29 CFR, Part 1926, as revised July 1, 1992 (or most
recent revision).

3. SCOPE:  This item shall consist of designing, furnishing, installing and
maintaining trench safety systems, required for the construction of trench
excavation and backfill and pipe installation, in accordance with Occupational
Safety and Health Administration (OSHA) Standards and conforming to the
provisions of Subpart P, 29 CFR, Part 1926, of the Code of Federal Regulations
(most recent revision).  The term "trench" shall have the meaning assigned to that
term in the referenced standards promulgated by OSHA.  In general, trench
means a narrow excavation (in relation to its length) made below the surface of
the ground whose depth is greater than the width, but the width of a trench
(measured at the bottom) is not greater than fifteen (15) feet.  Trench safety
systems include, but are not limited to, sloping, benching, sheeting, trench shields
or boxes, aluminum hydraulic shoring, sheet piling, cribbing, bracing, shoring and
dewatering or diversion of water to provide adequate drainage.

700.2 SUBMITTALS: 

1. SAFETY RECORD:  As indicated in the Instructions to Bidders, Item 12,
"Required Additional Bid Proposal Information," where excavation requires trench
protection safety systems, or where otherwise required, all bidders shall submit a
"safety record" which will be considered by the San Antonio River Authority during
bid evaluation prior to contract award.

This record is to indicate the Contractor's safety performance concerning
trenching and/or shoring requirements over the past ten (10) years including all
insurance carriers over the reporting period and including claims made by the
Contractor against those policies.  Claimant’s name, nature of claim and amounts
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of award shall be indicated.  Major safety violations of OSHA Standards or other 
appropriate standards must be indicated in the report.  A poor safety record may 
be the basis for disqualification of the bidder.  For example, a report indicating an 
unreasonable number of safety related claims and/or violations for the particular 
size of the bidder's organization may be the basis for disqualification of said 
bidder.  Failure to submit a complete safety report concerning trenching and/or 
shoring requirements or falsifying information may also be the basis for 
disqualification of the bidder. 

2. TRENCH SAFETY PLAN:  Upon notice by the Engineer, the selected bidder shall
within fourteen (14) days thereafter submit to the Authority a plan for trench safety
system which shall conform to the provisions of Subpart P, 29 CFR, Part 1926 of
the Code of Federal Regulations and which shall be capable of being installed
within the available work space.  Failure to submit the required plan within the
allowable time indicates the Bidder is nonresponsive and may be cause for
rejecting his proposal.  The plan shall be prepared and sealed by a Professional
Engineer, registered in the State of Texas and qualified by similar design
experience to design such systems, who shall hereafter be referred to as the
"Contractor's Qualified Engineer."  The plan shall contain, as a minimum, the
following:

a. A plan or other designation of the areas in which each type of system shall
be used.

b. Drawings, manufacturer's data, or other method of identifying the various
elements of the system with sufficient specificity to allow positive
identification during construction, and installation requirements sufficient to
allow field verification of proper installation.

c. Manufacturer's written specifications, recommendations, and limitations.

d. Engineering calculations or manufacturer's certifications showing that the
system is designed with the capacity to resist without failure all loads that
are intended or could reasonably be expected to be applied or transmitted
to the system and designed to provide protection throughout the full depth
of the trench.  Loads used for design of the trench safety system shall be
as determined by the "Contractor's Qualified Engineer."  Calculations shall
include surcharge loads imposed by the Contractor's construction
techniques and/or adjacent structures or improvements.

e. If proper installation of the proposed trench safety plans requires
excessive trench widths, the plan shall also contain engineering
calculations showing that the additional loadings imposed by the increased
width do not result in a need for a stronger class of pipe.  If the calculations
show that a stronger class of pipe is required, the additional cost shall be
borne by the Contractor.

The purpose of a submittal review of the Trench Safety plan by the
Authority is to determine that the Contractor has planned the trenching
work and the trench safety systems required, that a qualified professional
engineer has assisted the Contractor in this planning, and that the plan is
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in general conformance with the project design requirements.  The review 
of submittals does not relieve the Contractor of full responsibility for trench 
safety, including selection, excavation and construction procedures, 
methods, and materials.  The Contractor is solely responsible for any and 
all property damage or bodily injury, including death that arises from his 
trenching activities, whether or not performed in accordance with the 
submittals. 

3. TRENCH SAFETY DOCUMENTATION:  Safety of personnel on the work site is of
paramount importance to the Authority.  The Contractor shall initiate and maintain
a trench safety training program which shall provide for frequent and regular
training sessions.  The trench safety program shall be in accordance with
Occupational Safety and Health Administration (OSHA) standards governing the
presence and activities of individuals working in and around trench excavation.

Upon notice by the Engineer, the selected Bidder shall, within fourteen (14) days 
thereafter, submit documentation of the existence and content of the safety 
training program. 

Also, within the fourteen (14) days time allowed, the apparent low bidder, as 
directed, shall submit a letter signed by an officer of the entity certifying that no 
employee of the Contractor or subcontractor will be allowed in or near a trench 
excavation on this project unless the employee has first successfully completed 
training in basic trench safety subjects.  In the same letter, the Contractor shall 
also name the "competent person" (foreman or superintendent) who is to be 
reasonably available to the project at all times when trench construction work is in 
progress and who is empowered to act for the Contractor in trench safety matters. 
The competent person shall be one who is capable of identifying existing and 
predictable hazards in the surroundings, or working conditions which are 
unsanitary, hazardous, or dangerous to employees, and who has authorization to 
take prompt corrective measures to eliminate those conditions. 

700.3 QUALITY ASSURANCE: 

1. INSPECTIONS:  The Contractor's "competent person" shall inspect the trench,
the adjacent area, and the trench safety system each day, before allowing
employees or others to enter the trench, for evidence of any situation which might
result in unsafe working conditions and to ensure the system meets OSHA
requirements.  Such inspections shall also be performed following rainfall or any
other occurrence, such as encountering unexpected subsurface conditions, which
could result in hazardous conditions.  If evidence of possible cave-ins or slides is
noted, or any time a safety system is damaged, work shall immediately cease and
all personnel shall be removed from the trench.  Personnel shall be required to
remain outside the trench until the necessary repairs, reinforcement, or other
appropriate actions have been taken as directed by Contractor's "competent
person."  After the appropriate action has been taken, the "competent person"
shall inspect and approve the work before allowing personnel to re-enter the
trench.

The "Contractor's Qualified Engineer" shall inspect the trench, adjacent area, and 
trench safety system periodically for compliance with the "trench safety plan" and 
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for evidence of any situation which might result in unsafe working conditions and 
to insure the system meets OSHA requirements.  Such inspections shall also be 
performed following rainfall or any other occurrence, such as encountering 
unexpected subsurface conditions which could result in hazardous conditions. 
Emergency inspections by the "Contractor's Qualified Engineer" shall be made 
immediately upon the request of the Contractor's "competent person" and/or the 
Authority. 

2. AUTHORITY'S/ENGINEER'S INSPECTORS:

The Authority and/or its Engineer may have assigned to the project an inspector.
The inspector is provided at the work site for the limited purpose of observing the
work in progress and reporting back to the Authority's Engineer on the extent,
nature, manner, and performance of the work.

The inspector may communicate between Authority's Engineer and Contractor
their respective reports, opinions, questions, answers and clarifications
concerning the plans, specifications and work but shall not be deemed an agent of
the Contractor for all purposes in communicating such matters.

The inspector may confer with the Contractor, the Contractor's "competent
person" or "Contractor's Qualified Engineer" concerning the prosecution of the
work and its conformity with the plans and specifications but shall never be
responsible for, nor shall he assume an authority or responsibility for, the means,
methods or manner of completing the work or trench excavation protection, or of
the superintendence of the work or supervision of the Contractor's employees.

The inspector is not authorized by the Engineer or Authority to independently act
for either or answer on behalf of either, any inquiries of the Contractor concerning
the plans, specifications or work.  No inspector's opinion, advice or interpretation
of the plans or specifications of the contract; approval of the means, methods or
manner of Contractor's performance of work in progress or completed; or failure to
discover or object to defective work or materials shall release the Contractor from
his duty to complete all work in strict accordance with the plans and specifications.

700.4 MATERIALS: All materials incorporated into "Trench Excavation Protection" shall be of 
sound quality and free from damage or defects that might impair their proper function. 
Materials used for shoring, sheeting, bracing, boxes, shields, piling, cribbing, or jacking 
shall be capable of resisting anticipated loadings and provide protection throughout the 
full depth of the trench.  Manufactured materials and equipment used for protective 
systems shall be used and maintained in a manner that is consistent with the 
recommendations of the manufacturer, and in a manner that will prevent employee 
exposure to hazards. 

The Contractor shall promptly remove from the premises all materials condemned as 
failing to meet contract and/or OSHA requirements, whether incorporated in the work or 
not, and the Contractor shall promptly replace and re-execute his own work in 
accordance with the Contract and without expense to the Authority. 

700.5 CONSTRUCTION METHODS: "Trench Excavation Protection" shall be installed 
and constructed in accordance with the detailed specifications set out in the provisions of 
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Excavations, U.S. Department of Labor Occupational Safety and Health Administration 
(OSHA) Regulations, 29 CFR, Part 1926, Subpart P.  A reproduction is attached for the 
convenience of the Contractor.  The Authority assumes no responsibility for the accuracy 
of the reproduction.  The Contractor is responsible for obtaining a current copy of this 
section of the Federal Register for use during the project. 

The Contractor shall not allow any employee or others to enter any trench at any time, 
including during excavation, construction, backfilling, or other such operations, unless the 
proper trench excavation protection is in place in that section of trench. 

Contractor shall at all times safely guard all property from injury or loss in connection with 
this contract.  He shall at all times safely guard and protect his own work and any 
adjacent property from damage.  Contractor shall repair, replace, or otherwise make good 
any such damage, loss, or injury arising out of Contractor's operations. 

Materials excavated from the trench are to be stored no closer to the edge of trench than 
two (2) feet nor closer than twenty (20) feet from a roadway. 

A stairway, ladder, ramp or other safe means of egress shall be located in trench 
excavations that are four (4) feet or more in depth so as to require no more than 
twenty-five (25) feet of lateral travel by employees. 

Members of support systems shall be securely connected together to prevent sliding, 
falling, kick outs or other failure. 

1. SUPPORT SYSTEM:  Where the stability of adjoining buildings, walls or other
structures is endangered by excavation operations, support systems such as
shoring, bracing, or underpinning shall be provided to ensure the stability of such
structures for the protection of employees and adjoining facilities.  Support
systems shall be designed by the "Contractor's Qualified Engineer."

2. UTILITIES:  Estimated location of utility installations, such as sewer, telephone,
fuel, electric, or water lines, or any other underground installations that reasonably
may be expected to be encountered during excavation work shall be determined
prior to opening an excavation.

Utility companies shall be contacted and advised of proposed work prior to the
start of actual excavation.

When excavation operations approach the estimated location of underground
installations, the exact location of the installations shall be determined by
acceptable means, such as probing with hand held tools.

While the excavation is open, underground installations shall be removed,
protected, or supported as necessary to safeguard employees and the utility itself.
Support systems shall be designed by the "Contractor's Qualified Engineer."

3. MAINTENANCE OF SAFETY SYSTEM:  The safety system shall be maintained in
a sound condition as recommended by the "Contractor's Qualified Engineer."  The
Contractor shall take all necessary precaution to ensure that safety systems are
not damaged during their use.  If at any time during its use a safety system is
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damaged, personnel shall be immediately removed from the trench or excavation 
area and the safety system repaired.  The Contractor shall take all necessary 
precautions to ensure no loads, except those included in the safety system 
design, are imposed upon the excavation. 

4. REMOVAL:  Removal shall begin at, and progress from, the bottom of the
excavation.  Members shall be released slowly so as to note any indication of
possible failure of the remaining members of the structure or possible cave-in of
the sides of the excavation.  Backfilling shall progress together with the removal of
support systems from excavations.

700.6 SPECIAL REQUIREMENTS: 

1. SOILS INFORMATION:  The Authority may have obtained geotechnical
information, which may include subsurface data, logs of soil borings, and
recommendations from geotechnical consultants.  Any information obtained is
solely for use by the Authority and/or its design engineers in the design of the
project and are not part of the contract.  If soil borings have been prepared they
will be included in this section of the technical specifications or on the plans.

Any geotechnical information included is for information only.  The Authority and
its design engineers do not guarantee the accuracy or validity of the data, nor do
they assume any responsibility for any interpretations or conclusions the
contractor may draw from the data.

The Contractor shall provide to the "Contractor's Qualified Engineer" all
information needed to design the "Trench Safety System" required by this section
of the technical specifications.  The Contractor may, at his option, perform
additional subsurface investigations at his own expense.

All soils are to be classified in accordance with Appendix A to Subpart P of Part
1926 of the Code of Federal Regulations.

2. ALTERNATE DESIGNS:  During construction, the Contractor may desire to utilize
an alternate trench safety system due to unexpected conditions, to expedite the
construction, or for some other reason.  The plan for the proposed alternate
system shall be prepared in conformance with Paragraph 700.2, 2 by the
"Contractor's Qualified Engineer" and submitted to the Authority for review.
Contractor shall not begin utilization of any alternate system until the substitution
is actually authorized.

3. INDEMNIFICATION:  The Contractor shall indemnify and hold harmless the
Authority, its employees, agents and its design engineers from any and all
damages, costs (including, without limitation, legal fees, court costs and the cost
of investigation), judgments, or claims by anyone for injury or death of persons
resulting from the collapse or failure of trenches constructed under this contract.

The Contractor acknowledges and agrees that this indemnity provides indemnity
of the Authority, its employees, agents and its design engineers in case the
Authority is negligent either by act or omission in providing trench safety,
including, but not limited to inspection, failure to issue suspension of work orders,
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and the hiring of the Contractor. 

4. SUSPENSION OF WORK:  Failure of the Contractor to comply with the technical
provisions of this section of the specifications may be considered as just cause for
the Authority to suspend work.  If, after written notification by the Authority or the
Authority's Engineer, the Contractor fails to take corrective action to alleviate a
condition where workers, inspectors, other individuals or surrounding property are
placed in an "imminent danger" situation, the Authority may suspend the work.  In
accordance with Article 15 "Suspension of Work and Termination" of the General
Conditions, if the Authority stops the work for just cause because the Contractor is
not complying with the plans and specifications or the intent thereof, or any
provisions of the Contract, then Contractor shall have no claim for damages,
hindrances or delays.

Failure of the Authority or the Authority's Engineer to discover or object to
defective work, design, or materials which could otherwise cause a situation of
"imminent danger" shall not release the Contractor from his duty to complete all
work in strict compliance with the plans and specifications. Nor does it relieve the
Contractor of full responsibility for trench safety, including selection, excavation
and construction procedures, methods and materials.  The Contractor is solely
responsible for any and all property damage or bodily injury, including death, that
arises from his trenching activities.

700.7 MEASUREMENT:  "Trench Excavation Protection" shall be measured by the linear foot 
of actual system installed along the centerline of trench, completely installed in 
accordance with Contractor's approved plans and specifications, maintained and 
removed when no longer required, including any excavation required for installation, and 
any additional backfilling caused by such installation. 

700.8 PAYMENT: "Trench Excavation Protection", measured as prescribed above, will be 
made at the unit price bid per linear foot for safety systems installed in accordance with 
Contractor's approved plans and specifications, which price shall include any special 
clearing, excavation, and backfilling. 

Payment shall include all components of the trench protection system which can include, 
but not be limited to, sloping, benching, sheeting, trench boxes or trench shields, 
aluminum hydraulic shoring, sheetpiling, cribbing, bracing, shoring and dewatering or 
diversion of water to provide adequate drainage.  Payment shall also include any 
additional excavation and backfill required, any jacking, jack removal, and removal of the 
trench supports after completion. 

Payment of all work prescribed under this item shall be full compensation for designing, 
furnishing, placing and removing all showing, sheeting, or bracing; for dewatering or 
diversion of water; for all jacking and jack removal; and for all other labor, materials, tools, 
equipment and incidentals necessary to complete the work. 

Payment for general clearing, excavation, bedding, pipe, backfill and restoration of 
vegetation or street surfaces are not included in this item, but will be paid under other 
items bid. 
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1. Description.

Provide and install a complete water main system in accordance with the plans
and specifications and in compliance with the requirements of the San Antonio
River Authority.  The water mains shall be of the sizes, materials, and
dimensions shown on the plans and shall include all pipe, all joints and
connections to new and existing pipes, all valves, fittings, fire hydrants, pipe joint
restraint systems, blocking, and incidentals, as may be required to complete the
work.

The abbreviations AWWA, ASA, ASTM, and ANSI, as used in this specification,
refer to the following organizations or technical societies:
• AWWA - American Water Works Association
• ASA - American Standards Association 
• ASTM - American Society for Testing and Materials
• ANSI - American National Standards Institute 

Where reference is made to specifications of the above organizations, it is 
construed to mean the latest standard in effect on the date of the proposal. 

2. Materials.

All materials used in this project shall be new and unused unless otherwise
specified on the plans, specifications or the proposal.

A. Ductile-Iron Pipe and Fittings. 

1. Ductile-Iron Pipe:  3-in. through 64-in.

All ductile-iron pipes shall be manufactured by process of
centrifugal casting and shall conform to AWWA Standard C151,
“American Standard for Ductile-Iron Pipe Centrifugally Cast in
Metal Molds or Sand-Lines Molds for Water or Other Liquids”,
unless otherwise modified or supplemented herein.

All pipe shall conform to the following pressure classes:

3” through 12” 350 psi 
16” and 20“ 250 psi 
24” 200 psi 
30” through 64” 150 psi 

All pipe shall have a working pressure of 150 pounds per square 
inch. 

The weight and thickness of pipe shall be in accordance with 
AWWA Standard C150 for installation in flat bottom trench, 
tamped backfill, Type 3 bedding conditions and a depth of bury of 
6-ft. Joints shall be mechanical, or push-on joints as specified on 
the plans.  The mechanical and push-on joints for Ductile-Iron 
Pressure Pipe are to conform to AWWA Standard C111, 
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“American Standard for Rubber Gasket Joints for Ductile-Iron 
Pressure Pipe and Fittings”. 

All pipe shall have a standard water works cement mortar interior 
lining in accordance with AWWA Standard C104 with exterior 
coating per Section 51.8.1 of AWWA Standard C151. 

All pipe shall be tested in accordance with AWWA Standard C151 
plus the ball impression test per the Cast-Iron Pipe Research 
Association Specifications. 

2. Fittings for Ductile-Iron Pipe. Unless otherwise modified or
supplemented herein, the latest revision of AWWA Standard C110
for Ductile- Iron Fittings, 3-in. through 48-in. for Water and Other
Liquids” and AWWA Standard C153 for Ductile-Iron Compact
Fittings, shall govern the design, manufacture, and testing of all
fittings under this specification.

For 3 through 24-in. size range, the pressure rating of all fittings is
a minimum of 250 psi. The working pressure for all fittings of sizes
greater than 24-in. shall be a minimum of 150 psi unless a change
in pressure rating is shown on plans.

Fittings shall be furnished with the type of end combination
specified.

Mechanical joint fittings and anchor type fittings shall be furnished
complete, with glands, gaskets, and bolts. Bolts for mechanical
joints shall be ASTM A536 specially alloyed and heat treated
ductile iron conforming to ANSI/AWWA standard CIII/A21.IL.

Flanged fittings shall be faced and drilled in accordance with ASA
Specifications B 16.1, Class 125.

Anchor fittings shall be furnished in size and type or length as
specified.

Joint dimensions and weight shall be standard and as shown in
the Trinity Valley Iron and Steel Company bulletins shall be Tyler
Pipe Industries, Inc., bulletin entitled “Fluid-Tite” fittings, or
approved equal.

The exterior of all fittings will have a petroleum asphaltic coating in
accordance with the latest revision of AWWA Standard C110. The
interior of flanged fittings supplied under this Item shall be cement-
mortar lined in accordance with the latest revision of AWWA
Standard C104 or lined with a petroleum asphaltic material in
accordance with the latest revision of AWWA Standard C110 as
specified. The interior of all other fittings supplied under this Item
will have cement-mortar lined in accordance with the latest
revision of AWWA Standard C104.
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Fittings for 2-in. size are manufacturer’s standard design, 
designed in accordance with applicable design standards of 
AWWA Standard C110. 

B. Concrete Steel Cylinder Pipe and Fittings.  Concrete Steel Cylinder Pipe 
and Fittings:  20-in. and larger. 

The design, component materials, manufacture and testing of all 
concrete-steel cylinder pipe and fittings shall conform to AWWA Standard 
C301 for “Pre-Stressed Concrete Pressure Pipe, Steel Cylinder Type, for 
Water and Other Liquids”. Except where otherwise indicated in the 
contract documents, all pipe shall be AWWA Class 150 and designed for 
an internal working pressure of 150 psi and a minimum external load 
equivalent to 6-ft. of earth cover. Where the depth of bury of the pipe is 
indicated to be greater than 6-ft. in the contract specifications or on the 
drawings the design of the pipe shall suitable for the earth loads 
indicated. 

Data submitted shall include a tabulated layout schedule with reference to 
the stationing and grade lines shown on the plans. Provide a design 
summary for each size of pipe furnished for each pressure and depth of 
bury. 

Each special length of straight pipe shall have plainly marked on the 
inside of the bell end the class of pipe and identification marks sufficient 
to show the proper location of the pipe by reference to fabrication details. 

Pipe 20-in. through 42-in. in size shall be furnished in nominal lengths of 
20 to 32 ft.; pipe 48-in. through 72-in. in size shall be furnished in nominal 
lengths of 16-ft. except as this requirement shall be modified by design 
requirements of the particular job. 

Furnish each joint of pipe with a rubber gasket and a 12-in. diaper. 

C. Steel Pipe, Fittings, and Flanges. 

1. Steel Pipe.  The component materials, manufacture and testing of
all steel pipe shall conform to AWWA Standard C200 for “Steel
Water Pipe 6-in. and Larger”. The specified pipe size is the actual
inside diameter of the pipe, special or fitting in inches.  Unless
otherwise indicated, all steel pipe shall have a minimum wall
thickness of 3/8-in.

Pipe is either Grade A or Grade B, conforming to ASTM
Designation A53.

Pipe ends shall be beveled and suitable for field butt welding
except as otherwise specified.

Protective coatings and linings are to conform to AWWA Standard
C 203-02, “Coal-Tar Protective Coatings and Linings for Steel
Pipelines - Enamel and Tape-Hot Applied”.
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Pipe length is nominal 40-ft. lengths except for specials or as 
otherwise specified on the plans. Standard and specials shall be 
within 1/16-in. (±) of the specified or theoretical lengths. 

2. Fittings for Steel Pipe.  All steel pipe fittings are to conform to the
requirements contained in AWWA C200. The wall thickness is
equal to that specified for steel pipe.

3. Steel Flanges.  Steel pipe flanges, where called for on the plans,
are to conform to AWWA 7, “Steel Pipe Flanges” for Class D steel
flanges with the same diameter and drilling as Class 125 cast-iron
flanges, in accordance with ASA B16.1.

4. Steel Casing Pipe.  All pipe intended for use as casing pipe shall
be of the types and sizes shown on the plans.  The diameter and
wall thickness shall conform to those shown on the plans.

D. Polyvinyl Chloride Pipe and Fittings. 

1. Polyvinyl Chloride (PVC) Pipe, 2-in.

All PVC pipe is manufactured in accordance with the requirements
of ASTM Designation D2241 for PVC 1120 or PVC 1220 and shall
have a standard thermoplastic pipe dimension ratio (SDR) equal
to 21.

All PVC pipe shall have integral bell type gasketed push-on joints
or is plain end pipe with twin-gasketed couplings conforming to the
requirements of ASTM Designation D3139 for push-on-type joints.
Rubber gaskets are to conform to the requirements of ASTM
Designation D1869.

All PVC pipe furnished is self-extinguishing.

Valves for use with PVC pipe are to conform to the requirements
of Gate Valves, Tapping Valves and Tapping Sleeves of this
specification, except that valve ends shall be of the push-on-joint
type for use with PVC pipe.

2. Fittings for Polyvinyl Chloride Pipe, 2-in.

All fittings for 2-in PVC is to have a minimum pressure rating of
200 psi. They shall be solvent-weld, socket type conforming to the
requirements of ASTM D2466, or gasketed push-on conforming to
the requirements of ASTM D2241. All PVC solvent cements shall
be manufactured in accordance with ASTM D2564.

3. Polyvinyl Chloride Pipe, 4-in. through 12-in.

All PVC pipe shall conform to AWWA C900. The Manufacturer
shall supply the Engineer an affidavit that the materials supplied
comply with all applicable requirements of AWWA C900.
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All C900 PVC pipe shall have a pressure rating of 150 psi and a 
dimension ratio of 18 with cast iron equivalent outside diameters 
unless otherwise specified. It shall be furnished in nominal 20-ft. 
lengths, and shall be self extinguishing. 

Each pipe shall have an integral bell formed on the pipe end, and 
be designed to be at least as strong as the pipe wall. 

An elastomeric gasket shall be designed with a retainer ring that 
locks the gasket into integral bell groove and shall be installed at 
the point of manufacture. The dimensions and design of the 
gasket joint provided for the PVC pipe shall meet requirements 
provided in ASTM D3139 and ASTM D2122. The gasket shall be 
reinforced with a steel band and shall conform to ASTM F477. 

4. Bends and Fittings for PVC Pipe, 4-in. through 12-in.

All PVC pipe and fittings that transport potable water must bear
the seal (or “NSF” mark) of the National Sanitation Foundation or
other accredited laboratory, indicating approval for use in
transporting potable water.

All fittings for PVC pressure water pipe shall be ductile iron,
designed and manufactured in conformance with AWWA Standard
Specifications C110/A21.10 and are polyethylene wrapped.

The pressure rating of all fittings shall be a minimum of 250 psi.
Fittings shall be furnished with the type of joint and end
combinations specified. Mechanical joint fittings shall be furnished
complete with glands, gaskets, and bolts. Flanged joint fittings
shall be furnished complete with gaskets and bolts. All bolts,
glands, and gaskets shall be in accordance with AWWA Standard
Specification C111.

All fittings shall be furnished with standard outside coatings
consisting of coal tar or asphalt base bituminous materials.
Fittings are cement mortar lined and sealed in conformity with
AWWA Standard Specification C104.

5. Storage.

Store plastic pipe to prevent damage by crushing or piercing.
Cover stored pipe away from direct sunlight in accordance with
the manufacturer's specifications. Take care to protect the pipe
from excessive heat or harmful chemicals.

6. Polyvinyl Chloride (PVC), 14-in. through 24-in.

a. Scope.  This product specification covers 14-in. nominal
diameter through 24-in. nominal diameter polyvinyl chloride
(PVC) potable water transmission pipe with integral bell
and spigot joints. The pipe shall be extruded from Class
12454-A or 12454-B PVC compound as defined in ASTM
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D-1784 and provide for a hydrostatic design basis (HDB) of 
4,000 psi. The pipe outside diameters shall conform to 
dimensions of cast iron pipe (CI). All pipe furnished shall 
be in conformance with American Water Works 
Association (AWWA) Standard  C905-97, or latest revision 
thereof. 

Pipe shall be homogenous throughout. It shall be free from 
voids, cracks,  inclusions, and other defects. It shall be as 
uniform as commercially practical  in color, density, and 
other physical properties. Pipe surfaces shall be free from 
nicks and scratches. Joining surfaces of spigots and joints 
shall be free from gouges and imperfections that could 
cause leakage. 

b. Definitions. All definitions are defined according to AWWA
C905-97 Section 1.2 Definitions. 

(1) Dimension Ratio (DR) - The ratio of the pipe 
outside diameter to the minimum wall thickness. 
The quotient is rounded to the nearest 0.5 when 
necessary. 

(2) Pressure Rating (PR) - The nominal pressure rating 
of transmission pipe is determined from formulas in 
Section 5: Transmission-Pipe Ratings AWWA 
C905-97 using a safety factor of 2.0. There is no 
allowance for  surge pressure in the pressure 
rating. 

c. General Requirements.

(1) Except as noted on the plans or procurement 
specifications for specific  jobs, all C-905 PVC 
pipe shall have a pressure rating of 235 PSI and a 
dimension ratio of 18 or have the highest pressure 
rating available for each  size of pipe. 

(2) Dimensions and tolerances for each nominal pipe 
size shall be in accordance with Table 2 
Dimensions for PVC Transmission Pipe with CI 
Outside Diameter of Section 3 Pipe Requirements 
in AWWA C905-97.  All pipe shall be suitable for 
use as a pressure conduit. 

(3) Pipe shall be furnished in standard laying lengths of 
20 ft. ± 1 in. unless  otherwise noted. Each pipe 
shall have an integral bell formed on the pipe end, 
and be designed to be at least as strong as the 
pipe wall. 

(4) An elastomeric gasket shall be designed with a 
retainer ring, which locks  the gasket into 
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integral bell groove and shall be installed at the 
point of manufacture. The dimensions and design 
of the gasket joint provided for the PVC 
transmission pipe shall meet requirements provided 
in ASTM D3139 and ASTM D2122. The gasket 
shall be reinforced with a steel band and shall 
conform to ASTM F477. 

(5) Each length of pipe furnished shall bear 
identification markings that will  remain legible 
after normal handling, storage, and installation. 
Markings shall be applied in a manner that will not 
weaken or damage the pipe.  Markings shall be 
applied at intervals of not more than 5 ft. on the 
pipe. The minimum required markings are given in 
the list below. Marking requirements shall be in 
conformance with Section 4.7 Marking 
Requirements of AWWA C905-97. 

(a) Nominal size and OD base (for example, 24 
CI). 

(b) PVC. 

(c) Dimension Ratio (for example, DR 25) 

(d) AWWA pressure rating (for example, PR 
165) 

(e) AWWA designation number for this 
standard (AWWA C905). 

(f) Manufacturer’s name or trademark. 

(g) Manufacturer’s production code, including 
day, month, year, shift, plant, and extruder 
of manufacture. 

(6) Pipe shall be bundled in pallets for ease of handling 
and storage. Pipe bundles (units) shall be 
packaged to provide structural support to insure 
that the weight of upper units shall not cause 
deformation to pipe in lower  units. No evidence of 
ultraviolet radiation “sunburn” on exposed pipe as 
may be caused from  extended and unprotected 
storage conditions. 

(7) The manufacturer shall take adequate measures 
during pipe production to  assure compliance 
with AWWA C905-97 by performing quality-control 
tests and maintaining results of those tests as 
outlined in Section 5:  Inspection and Testing of 
that standard. Submission of product shall 
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constitute certification of compliance with AWWA 
C905-97 Section 5: Inspection and Testing. 

(8) The pipe is intended for use as an underground, 
direct bury pressure pipe  for transport of 
potable water. The expected life of the pipe system, 
after  installation, is 25 to 50 years. 

(9) A one-year warranty shall be provided for all 
materials sold and delivered  for use and 
incorporated into the distribution system. Such 
warranty shall take effect on the date that the pipe 
is received and accepted by an authorized 
representative of the Engineer. 

(10) User references and a claims history shall be 
provided for further  investigation, prior to 
rendering a final decision on the acceptance of the 
product to be furnished.  

d. Tests.  The manufacturer shall pressure test all pipe,
including the joint that is marked with the designation
number of AWWA C905-97 at 73.4 º F. +/- 3.6 º F. Each
length of pipe shall be proof tested at twice the pressure
rating listed in Table 3 Transmission-Pipe Pressure Rating
of AWWA C905-97 Sec. 4.6 Pressure Strength and
Hydrostatic Proof Testing.

e. Random Tests.  The Engineer may, at no cost to the
manufacturer, subject random lengths of pipe to testing by
an independent laboratory for compliance with this
specification. Any visible defect or failure to meet the
quality standards herein shall be grounds for rejecting the
entire order.

f. References.  The documents listed below are referenced in
this specification.

(1) AWWA C905-97; Polyvinyl Chloride (PVC) Water 
Transmission Pipe, Nominal Diameters 14 in. 
through 36 in. 

(2) ASTM D1784; Standard Specification for Rigid 
Polyvinyl Chloride (PVC) Compounds and 
Chlorinated Polyvinyl Chloride (CPVC) 
Compounds. 

(3) ASTM D2122; Standard Method of Determining 
Dimensions of Thermoplastic Pipe and Fittings. 

(4) ASTM D3139; Standard Specification for Joints for 
Plastic Pressure Pipes Using Flexible Elastomeric 
Seals. 

Item 800 Page 10 of 77 April 2014 



San Antonio River Authority Standard Specifications for Utility Construction 

(5) ASTM F477; Standard Specification for Elastomeric 
Seals (Gaskets) for Joining Plastic Pipe. 

7. Bends and Fittings for PVC Pipe, 14-in. through 24-in.

All bends and fittings shall conform to the same requirements as
those specified for 4-in through 12-in PVC pipe.

8. Pipe Joint Restraint System for PVC Pipe, 4-in. through 24-in.

a. Joint Restraint System for PVC C-900/C-905.

(1) Scope. This specification covers pipe joint restraint
systems to be used on domestic water mains for 
PVC C-900 pipe sizes 4-in. through 12-in. diameter 
and PVC C-905 pipe sizes 16-in. through 24-in. 
diameter, and for Ductile Iron pipe sizes from 4-in. 
through 24-in. diameter. Joint restraint systems are 
classified as “compression, “mechanical joint” or 
“non-metallic restrained joint” for the specific type of 
pipe joint to be restrained. 

(2) General Requirements. 

a. Underwriter Laboratories (U.L.) and Factory
Mutual (FM) certifications are required on all restraint 
systems. 

b. Unless otherwise noted, restraint systems to be
used on PVC C-900 and C-905 pipe shall meet or 
exceed A.S.T.M. Standard F1674-96, “Standard Test 
Methods for Joint Restraint Products for Use with 
PVC Pipe,” or the latest revision thereof. Restraint 
systems used on ductile pipe shall meet or exceed 
U.L. Standard 194. 

c. Non-metallic restrained joint pipe and couplings
shall be utilized specifically for C-900 PVC pipe and 
fittings in sizes 4-in.-12-in. 

d. Each restraint system shall be packaged
individually and include installation instructions. 

(3) Specific Requirements. 

a. Restrainer for PVC C-900/C-905 & Ductile Iron
Push-on Type Connections: 

1. Pipe restraints shall be utilized to prevent
movement for push-on D.I. or PVC (C-900&C-
905) (compression type) bell and spigot pipe 
connections or where a Dresser style (flexible) 
coupling has been used to join 2 sections of 
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plain-end pipe D.I. or PVC (C-900 & C-905). The 
restrainer may be adapted to connect a plain end 
D.I. or PVC pipe to a ductile iron mechanical joint 
(MJ) bell fitting. The restrainer must not be 
directionally sensitive. 

2. The pipe shall be restrained by a split
retainer band. The band shall be cast ductile iron, 
meeting, or exceeding ASTM A536-80, Grade 65-
45-12.  The inside face or contact surface of the 
band shall be of sufficient width to incorporate 
cast or machined non-directionally sensitive 
serration to grip the outside circumference of the 
pipe. The serration shall provide full (360 °) 
contact and maintain pipe roundness and avoid 
any localized points of stress. The split band 
casting shall be designed to “bottom-out” before 
clamping bolt forces (110ft-lb minimum torque) 
can over-stress the pipe, but will provide full non-
directionally sensitive restraint at the rated 
pressures. 

3. Bolts and nuts used to attach the split retainer
ring shall comply with ANSI B 18.2/18.2.2, SAE 
Grade 5. Tee-bolts, nuts and restraining rods 
shall be fabricated from high-strength, low-alloy 
steel per AWWA C111-90. 

4. The split ring type non-directionally sensitive
restrainer system shall be capable of a test 
pressure twice the maximum sustained working 
pressure listed in section D and be for both D.I. 
and/or PVC C-900. 

5. Restraint systems sizes 6 through 12-in. shall
be capable of use for both ductile iron and/or 
PVC C-900. 

6. The restraint system may consist of 2 types:
the two split retainer rings and for new 
construction use only the 1 split and 1 solid cast 
backup ring. 

b. Compression Ring Fitting Restrainer for Ductile
Iron Pipe & PVC C-900.

1. Compression ring with follower gland type of
restrainer may be utilized in conjunction with 
Mechanical Joint (MJ) bell end ductile iron pipe 
fittings for restraining PVC C-900 and ductile iron 
pipe. 
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2. The system shall utilize a standard MJ gasket
with a color-coded compression ring and 
replacement gland conforming to ASTM A 536-
80, Grade 65-45-12. 

3. Standard MJ fitting Tee-bolts and nuts shall
be fabricated from high strength steel conforming 
to AWWA C111/A21.11-90 and AWWA 
C153/A21.53-88. 

4. Standard MJ gasket shall be virgin SBR
meeting ASTM D-2000 3 BA 715 or 3 BA 515. 

5. The restraint system shall be capable of a test
pressure twice the maximum sustained working 
pressure listed in section D. 

c. Non-metallic restrained joint pipe and couplings
for PVC C-900 Type Connections: 

1. Gasketed restrained coupling connections
shall join 2 sections of factory grooved PVC (C-
900) pipe. The restrainer coupling must not be 
directionally sensitive. 

2. The coupling shall incorporate twin
elastomeric sealing gaskets meeting the 
requirements of ASTM F-477 and shall be DR-14 
Class 200 C-900 PVC in all applications, meeting 
or exceeding the performance requirements of 
AWWA C-900, latest revision. The inside face or 
contact surface of the coupling connection shall 
be of sufficient width to incorporate a factory 
machined non-directionally sensitive groove in 
both pipe and coupling to grip the outside 
circumference of the pipe. The couplings shall 
provide full (360 °) contact and maintain pipe 
roundness and avoid localized points of stress. 
The coupling shall be designed with an internal 
stop to align the precision-machined grooves in 
the coupling and pipe prior to installation of a 
non-metallic thermoplastic restraint spleen, and 
will provide full non-directionally sensitive 
restraint at the rated pressures. 

3. High-strength flexible thermoplastic spleens
shall be inserted into mating precision–machined 
grooves in the pipe and coupling to provide full 
non-directional restraint with evenly distributed 
loading. 
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4. The non-metallic restrained joint pipe and
couplings for PVC C-900 type non-directionally 
sensitive restrainer system shall be capable of a 
test pressure twice the maximum sustained 
working pressure listed in Section D and be for 
PVC (C-900) pipe, sizes 4-in. through 12-in. 

5. Non-metallic restrained joint pipe and
couplings for PVC C-900 restrained systems 
sizes 4-in. through 12-in. shall be capable of use 
for both Class 150 (DR 18) and 4-in. through 8-in. 
for Class 200 (DR 14) PVC C-900 pipe. 

6. The non- metallic restrained joint pipe and
couplings for PVC C-900 restraint system shall 
consist of a pipe and couplings system produced 
by the same manufacturer meeting the 
performance qualifications of Factory Mutual (FM) 
and Underwriters Lab (UL). 

d. Retainer Gland for Ductile Iron Pipe (only):

1. Radial bolt type restrainer systems shall be
limited to ductile iron pipe in conjunction with 
Mechanical Joint (MJ) bell end pipe of fittings. 
The system shall utilize a standard MJ gasket 
with a ductile iron replacement gland conforming 
to ASTM A 536-80. The gland dimensions shall 
conform to Standard MJ bolt circle criteria. 

2. Individual wedge restrainers shall be ductile
iron heat treated to a minimum hardness of 370 
BHN. The wedge screws shall be compressed to 
the outside wall of the pipe using a shoulder bolt 
and twist-off nuts to insure proper actuating of the 
restraining system. 

3. Standard MJ fitting Tee-bolts and nuts shall
be high strength steel conforming to AWWA 
C111/A21.11-90 and C153/A21.53-88. 

4. Standard MJ gasket shall be virgin SBR
meeting ASTM D-2000 3 BA 715 or 3 BA 515. 
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(e) Maximum Sustained Working Pressure 
Requirements: 

Table 1 

Diameter PVC C-900 Ductile Iron C-905 

4 & 6 in. 200 p.s.i 350 p.s.i 

8 in. 200 p.s.i 250 p.s.i 

10 & 12 in. 200 p.s.i 200 p.s.i 

14 & 16 in. 200 p.s.i 200 p.s.i 235 p.s.i 

20 & 24 in. 200 p.s.i 200 p.s.i 235 p.s.i 

(4) Tests. The Engineer may, at no cost to the 
manufacturer, subject random joint restraint system 
products to testing by an independent laboratory for 
compliance with these standards. Any visible defect 
of failure to meet the quality standards herein shall 
be ground for rejecting the entire order. 

(5) Product List.  Other approved equal products from 
other manufacturers meeting these specifications 
may be submitted for review. 

(a) Slip on Joint Restraint Systems: 

Manufacturer PVC C-900 Ductile Iron 
(D.I.) 

C905, 
16” 

Above 
Uni-Flange Corporation Series 1300C Series 1300C 1450 

1300C 
Romac Industries, Inc. 4-8 inch Model 612,611 Model 

612,611 

(b) Compression Ring Systems: 

Manufacturer PVC C-900 Ductile Iron 

Romac Industries, Inc. Grip Ring Grip Ring 

Tyler Corporation MJR MJR Gland 
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(c) Non-metallic restrained joint pipe and 
couplings for PVC C-900 RJ Type 
Connections: 

Manufacturer PVC C-900 Ductile Iron 

CertainTeed 
Corporation 

4” – 12” Class 150 (DR-
18) 

Certa-Lok C-900/RJ 4” – 8” Class 200 (DR-
14) 

(d) Retainer Gland (MJ): 

Manufacturer PVC C-900 Ductile Iron 

EBBA Iron Sales, Inc. 2000 PV MEGALUG 1100 

Romac Industries, Inc. Not Approved Not Approved 

Ford/UniFlange VFR-1500-C4”-24” Series 1400 

StarPipe Products Stargrip 4000 Stargrip 4000 

E. Reinforced Concrete Pipe (RCP) for Encasement. 

Reinforced Concrete Pipe is tongue and groove, Class III and conforms to 
ASTM C-76. Jointing material shall conform to the requirements of 
Subarticle 464.2. (I) of Item 464, “Reinforced Concrete Pipe”. 

F. Copper Tubing and Brass Fittings for Copper Service Lines.  

1. Copper Tubing.

All 3/4 in., 1 in., 1-1/2 in. and 2-in. copper tubing for underground
service is of the type commercially known as Type “K” soft and
conforms to NSF Standard 61, ASTM  Designation B88, or latest
revision thereof.

3/4 in. and 1-in. copper tubing is furnished in 60-ft. coils or one
hundred foot coil as specified, 1-1/2-in. is furnished in 20-ft.
lengths, 40-ft. coils or 60-ft. coils as specified and 2-in. is
furnished in 20-ft. lengths or 40-ft. coils as specified.

2. Brass Fittings.

Unless otherwise modified herein, water works brass goods
consisting of corporation stops, curb stops, couplings, connectors,
nipples, etc., shall be required in underground installations of
service lines in the water distribution system.
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The brass composition shall conform to ASTM Designation B62 
and the threads are to conform to AWWA Standard C800 for 
“Threads for Underground Service Line Fittings”. 

All casting shall have a natural, clean uniform and smooth surface, 
and be free from internal porosity. 

All machining is done in a workmanlike manner and within the 
acceptable tolerances. 

Unless otherwise specified, each fitting is furnished with a 1/16-in. 
thick fiber gasket. 

All curb Stop, Corporation and Angel valves shall be ball valves. 
“Inverted key,” type angle valves will not be accepted. 

Ball angle valves will not have a stop. 

Laying dimensions the same as our present inverted key style or 
equal to Mueller H-14258. 

The reduced port design shall be acceptable provided there is no 
compromise on flow capacity compared to the “Inverted Key” type 
angle valve. 

G. Gate Valves, Tapping Valves and Tapping Sleeves. 

1. Gate Valves.

The design, component materials, construction, manufacture and
testing of all gate valves of nominal sizes 4-in. and larger shall
conform to AWWA Standard C509-01 or latest revision thereof, for
“Resilient Seated Gate Valves for Water Supply Service”. All
bronze used shall be a high-strength yellow brass alloy
comparable to copper alloy No. 867, ASTM Designation B584.

Valves are of the disc type with non-rising stems and parallel
seats.

Valves are designated for installation in either a horizontal or
vertical position and for mounting on a horizontal pipe, unless
specified otherwise.

All mechanical joint valves are supplied with glands, bolts, and
gaskets.  Bolts for mechanical joints are ASTM A536 specially
alloyed and heat treated ductile iron conforming to ANSI/AWWA
Standard C111/A21.11, or be high strength, low alloy steel
conforming to AWWA Standard C111.

All valves shall be Class 150 and open right (clockwise), unless
otherwise specified on the plans. Valves on Recycle Water Mains
shall open left (counterclockwise).
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Valve ends shall be either flanged, mechanical joint, hub- end, 
push-on joint (“Ring-Tite”), or any combination thereof. 

Stuffing boxes shall be of the O-ring type. 

Gear cases shall be of the total enclosed type of such a design to 
enclose the gears, the stuffing box, and the valve stem. 

2. Tapping Valves and Tapping Sleeves.

Tapping sleeves shall be mechanical joint type.

Tapping valves shall be mechanical joint type conforming to the
requirements of the preceding section.

Tapping valves and sleeves shall be furnished with glands, bolts
and gaskets.

Tapping sleeves made of steel are to have a coat of baked-on
vinyl coating, or epoxy coated. In place of this, tapping sleeves
may be manufactured of stainless steel.

All bolts shall be high strength low alloy steel meeting
requirements of AWWA Standard C111.

H. Butterfly Valves. The design, component materials, construction, 
manufacture and testing of all butterfly valves of nominal sizes 20-in. and 
larger shall conform to AWWA Standard C504 for “Rubber Seated 
Butterfly Valves”. 

Valves shall be Class 150B of the short body type with a 150 psi bi-
directional shut off rating, a 300 psi hydrostatic body shell test and a line 
velocity of 16-ft. per second.   

Valves shall be for mounting on a horizontal pipe with a wrenchnut on top. 
Valves are for buried service, unless otherwise noted. 

All valves are to open right (clockwise), unless otherwise specified on the 
plans. 

Valve body shall be of cast-iron conforming to ASTM Designation A126, 
Class B. 

Valve shall be of such design that the discs will seat at 90 ° with pipe axis. 

Valve body ends shall be flat-faced flanged with facing and drilling in 
accordance with ANSI B16.1, Class 125. All valves are to conform to 
AWWA C504, Table 2, laying length for flanged valves and minimum 
body shell thickness for all body types. 

Valve disc shall be of Cast Iron A48, Cast Iron A126, Class B or Ductile 
Iron ASTM A536, Grade 65-45-12 and shall be of disc design to provide 
360 ° uninterrupted seating. 
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The valve seat shall be natural or synthetic rubber and may be applied to 
the disc or body.  For valves 24-in. or larger, the rubber seat shall be 
capable of mechanical adjustment in the field and shall be field 
replaceable without the need for special tools.  Mechanical adjustment or 
attachment of the seat and seat ring does not include welding.  The 
mating seat surface shall be Type 304 or Type 316 stainless steel, NI-
chrome or Monel. Sprayed or plated mating seat surfaces are not 
acceptable. 

Valve shafts shall be Type 304 stainless steel conforming to ASTM A-276 
and are to have a diameter equal to or greater than that shown for Class 
150B in Table 3 of AWWA C-504. Shafts are to conform to the 
requirements of Section 3.3, Valve Shaft of AWWA C504 for one-piece or 
stub shaft types. Connection between the shaft and disc is dowel or taper 
pins, if used, which are mechanically secured. 

The valve assembly shall be furnished with a factory-set, non- adjustable 
disc shaft thrust bearing which maintains that the valve disc is centered 
within the valve body seat at all times. 

Valve shaft bearing shall be permanent, self-lubricated, bearings which 
provide continuous, low-friction maintenance- free operation. Shaft 
bearing shall be contained in integral hubs of the valve body. 

Valve shaft seal shall consist of “O” rings of “vee” “V”-type, or o-cup type 
ring packing where the shaft projects through the valve body for the 
actuator connection. 

The valve shall be provided with a fully enclosed, permanently lubricated 
actuator of the traveling nut or worm gear design. The operator shall be 
designed such that constant input speed results in variable output speed 
with slowing down valve closure at the ends of travel. The effect shall 
maintain the rated output torque throughout the entire travel.  The 
actuator shall be connected to the valve shaft by means of a key and 
keyway connection. 

All actuators are to have adjustable, mechanical stop limits in accordance 
with C504 Section 3.8.2. All valve actuators shall be capable of 
withstanding 450 ft.-lb. of input torque against the open or closed stops 
without damage. 

Valves for above ground applications shall be provided with a handwheel. 
The handwheel shall have an arrow thereon, indicating the direction of 
the opening. The handwheel shall be suitably fastened to the actuator 
input shaft. Actuators equipped with handwheels shall be designed to 
produce the specified torque with a maximum pull of 80-lb. of the 
handwheel rim. 

The requirement for either wrenchnut or handwheel shall be specified on 
the plans. 

The number of turns to open (close) the valve shall be consistent for each 
valve size for the manufacturer and shall be approved. 
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All interior wetted ferrous surfaces of the valve, including the disc, shall 
be coated with epoxy. The epoxy shall have a nominal thickness of 10 
mils, and shall be in accordance with AWWA C-550. 

Valves for below ground applications shall be provided with an AWWA 
wrenchnut.  The wrenchnut shall have an arrow cast thereon indicating 
the direction of opening. The wrenchnut shall be suitably fastened to the 
actuator input shaft. If the shaft is splined, the operating nut shall be 
formed to fit the splined shaft. If the shaft is smooth, the operating nut 
shall be fastened to the input shaft by means of a 5/16-in. diameter steel 
pin passing entirely through the shaft. 

Key with keyway shall be acceptable. If the shaft is splined, the 
wrenchnut shall be formed to fit the splined shaft. 

The actuator shall be designed to produce the specified torque with a 
maximum input of 150-ft.-lb. applied to the wrenchnut. 

I. Valve Boxes.  All valve box assemblies are to conform to the details 
shown on the plans. Each valve box assembly shall be of cast-iron and 
shall consist of a base, top section, and lid. 

Valve boxes shall be of a single size with a nominal diameter of 6-in.  

The valve box lid shall be labeled “water” and is so designed so that it will 
remain firmly seated in place when subjected to vehicular traffic. 

The valve box assembly shall be of sufficient toughness and strength to 
withstand impact loads and shock resulting from vehicular traffic. 

The valve box assembly shall be coated with a standard bituminous 
coating of either coal tar or asphalt base applied to all inside and outside 
surfaces. 

The valve box lids for valves on Recycle Water Mains shall be square 
covers and labeled “RECYCLE WATER”. 

J. Meter Boxes.  All 5/8-in. through 2-in. meters and 2-in. air release valves 
shall be housed in metal boxes as specified herein as shown on the 
plans. For non-traffic bearing locations, the meter box assembly for 5/8-in. 
through 2-in. meters shall be cast-iron and shall consist of oval and 
rectangular box as shown on the plans. 

For traffic bearing locations, the meter box assembly for 5/8-in. through 2-
in. meters shall consist of a cast-iron rectangular box and a steel 
checkered plat rectangular with raised lug pattern as shown on the plans. 

The castings shall be dipped in coal tar at a temperature of 350ºF and the 
metal shall be at a temperature of 300ºF prior to dipping. The casting 
shall be dipped and cured independently and the coating shall have 
ceased to be “tacky” within 72 hours after dipping. 
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The steel checkered plate rectangular cover shall be hot dip galvanized 
after fabrication. 

The meter box shall have an ultimate tensile strength of 25,000 psi and is 
not to be brittle. 

The casting shall have an “as cast” clean smooth surface and be free 
from internal porosity; castings that are made smooth by grinding are 
unacceptable. 

K. Fire Hydrants.  The designs, component materials, construction, 
manufacture, and testing of all fire hydrants shall conform to AWWA 
Standard C502 for “Dry Barrel Fire Hydrants”. The bronze used for valve 
seats, drain valve, drain outlet, stems and all other hydrant components 
which are in the hydrant waterway is not to contain more than 15% zinc or 
more than 2% aluminum, however, where approved, brass drainage 
tubing may be used. 

Main valve shall be circular with a minimum opening of 5-1/4-in. in 
diameter, and shall be of the compression type closing with line pressure.  

Inlet connection shall be an elbow with AWWA Standard bell designed for 
6-in. mechanical joint, hub end, assembly as specified on the plans. The 
interior of the shoe shall be coated with an epoxy coating with a minimum 
thickness of 4 mils. 

Hydrants are to have two hose nozzles and one pumper nozzle. Nominal 
inside diameter shall be 2-1/2-in. for the hose nozzles and 4-in. for the 
pumper nozzle. Nozzle caps shall be secured to the hydrants with chains. 

Hose nozzle and pumper nozzle threads shall be in conformity with NFPA 
194 Standard for “Screw Threads and Gaskets for Fire Hose Couplings”, 
latest edition.  Nozzles must be readily replaceable, threaded or 
camlocked into the hydrant body. 

Nozzle cap gaskets are required and shall be of rubber composition. 

Hydrants are to open right (clockwise). 

Hydrants shall be painted with a suitable primer and finished with oil 
based enamel aluminum paint from the top of the hydrant to a point 18 to 
20-in. below the center line of the pumper nozzle. 

All fire hydrants having mechanical joint inlets shall be supplied with 
glands, bolts and gaskets. Bolts shall be high strength low alloy steel 
meeting requirements of AWWA Specification C111. 

A metal weather cap and seal shall be provided. 

Hydrants are to have at least one drain opening. When the main valve is 
in a fully open position, leakage shall be no more than that specified in 
AWWA C502. The drain mechanism shall be flushed during each 
operation of the valve and shall be in accordance with the latest revision 
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of AWWA Standard C502. Barrel wall thickness and flow-head loss 
conditions shall be in accordance with AWWA Standard C502. 

Hydrant shall have non-rising stems. 

Hydrants shall be equipped with a breakable coupling on the barrel 
section and the stem.  These couplings shall be at least 2-in. above the 
finished grade line. The breakable coupling shall be so designed that in 
case of traffic collision, the barrel safety flange and steam safety collar 
will break before any other part of the hydrant. The coupling shall be 
designed to afford the hydrant to rotate 360 °. 

Valve stems are to have a diameter of 1-1/4-in. or minimum size of 1-in. x 
1-in. square. 

The design length between the centerline of pumper nozzle and elevation 
of bury at ground line is not to be less than 18-in. 

The bonnet section shall be designed so all bearing surfaces and stem 
threads are sealed in a lubricant reservoir. If oil is used as a lubricant, the 
reservoir shall be designed to allow easy filling through a fitting or plug. 
Where grease is used as a lubricant, the reservoir shall be sealed. The 
reservoir shall be adequately sealed with O-rings or other suitable system 
approved. 

The main valve upper plate and seat ring shall be bronze except where 
variations are approved. Thread the seat ring into bronze drain ring 
housing or other type of threaded bronze show bushing providing a 
bronze to bronze threaded connection. 

L. Polyethylene Wrapping Material.  Polyethylene wrapping for ductile and 
cast iron water mains shall consist of a 4 mil thick tubular section of 
cross-laminated high-density polyethylene, having a high dielectric and 
tensile strength, for use in protecting and insulating cast iron and cast iron 
and ductile iron pipe from the electrolytic action encountered in highly 
active soils. 

Polyethylene wrapping, shall consist of an opaque cross-laminated high-
density polyethylene sheet continuously thermally bonded to form a 
tubular section. The tubes may be supplied in bulk length on rolls or in 
individual pre-cut lengths. See the attached size and length chart, in 
accordance with AWWA C105-99 (Table 1) for minimum requirements; 
greater widths and lengths can be used in lieu of the minimal list. When 
supplied for specified pipe lengths, the tubes shall contain a minimum of 4 
ft. additional material over the actual pipe length to allow for overlap. 

The sheet of polyethylene film utilized for the tubular wrapping shall be 
produced form virgin resins meeting raw material and physical properties 
of ASTM D-1248 and ANSI/AWWA C105, latest edition. The material 
shall be 4-mil cross-l; minted high-density polyethylene. The film shall be 
free of imperfections such as pinholes, tears, etc. after being thermally 
seamed into tubular form. The finished product will have a nominal 
thickness of 4 mils, with a tolerance of -10%. 
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The polyethylene wrapping material shall have n volatile constituents, the 
loss of which may affect ductility. The material shall have the following 
properties: 

Mechanical:  The polyethylene film shall have a tensile strength per latest 
ASTM D-882 test, of 6300 psi min. The film shall have an elongation of 
not less than 100% of the test strip minimum per latest ASTM D-882 test. 
The film shall have an impact resistance 800 gram min. per (ATM D1709 
Method B) The film shall have a propagation tear resistance of 250 gf, 
minimum in machine and transverse direction (ASTM D1922). 

Dielectric:  The film shall have a dielectric strength of 800 volts per mil of 
thickness per latest ASTM D-149. 

Chemical:  The film shall be chemically inert, with a moisture absorption 
rate less than 0.01 % in 24 hours. 

Marking Requirements:  The polyethylene film supplied shall be clearly 
marked, at a minimum of every 2-ft along its length, containing the 
following information. 

 Manufacturer’s name or trademark
 Year of manufacture
 ANSI.AWWA C105/A21.5
 Minimum film thickness and material type
 Applicable range of nominal pipe diameter size(s)
 Warning-Corrosion Protection-Repair any Damage.

M. Mechanical Couplings.  Mechanical coupling of Dresser or similar type 
shall be used to connect plain ends of concrete steel cylinder pipe and 
plain ends of steel and ductile-iron pipe in conjunction with the installation 
of butterfly valves sizes at 20-in. and larger and to connect new and 
existing ductile iron water main in conjunction with casing installation in 
accordance with the details shown on the plans. 

The mechanical coupling shall consist of a cylindrical steel middle ring, 2 
steel follower rings, 2 rubber compound gaskets and a set of steel bolts. 
The middle ring shall be flared at each end to receive the wedge-shaped 
gasket which is compressed between the middle ring flare and the outer 
surface of the pipe by pressure exerted on the follower rings through the 
bolt circle. 

The flexible and transition couplings shall be manufactured to fit the type 
size and class of pipe specified. Bolts shall be high strength low alloy 
steel meeting the requirements of AWWA Standard C111. 

N. Air Release Assemblies. Valve body and cover shall be cast iron 
fabricated in accordance with ASTM A48-35 or ASTM A126 Class B. Inlet 
sizes through 3-in. shall be screwed (National Pipe Taper Thread, NPT). 

Pipe sizes 3-in. and above are to have flanged inlets (125 lb. ANSI 
B16.1). A protective hood or cowl shall be installed on the outlet of flange-
bodied valves. 
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Internal seat trim float arm and pivot pin shall be stainless steel Type 303 
or 304. Floats shall be stainless steel ASTM A240. Other internal parts 
shall be stainless steel ASTM A240 or ASTM A276. 

Internal seat or orifice button shall be of Buna-N rubber compounded for 
water service.  Cover gasket shall be composition-type, equal to 
Armstrong CS-231, Garlock 3000, or Lexide NK-511. Cover bolts shall be 
alloy steel. 

Valve body shall have a test pressure rating of 300 psi and working 
pressure rating of 150 psi. 

The air release valve shall be designed to vent accumulated air 
automatically. The outlet orifice shall be properly sized to facilitate valve 
operation at pressures up to 150 psi.  The air release valve shall be either 
simple lever or compound lever, depending upon venting volume 
requirements. 

The air and vacuum valve shall be designed with the inlet and outlet of 
equal cross-sectional area. The valve shall be capable of automatically 
allowing large quantities of air to be exhausted during the filling cycle and 
also capable of automatically allowing air to re-enter the system to 
prevent a negative pressure during the draining cycle. The float shall be 
guided to minimize premature closure by air and to provide proper 
alignment for normal closure by floating on the water surface. 

Combination valves are to provide for both automatic air release under 
system pressure and to allow air movement during filling or draining 
operations. The combination valve may be housed in a single casting. 
The housing shall be designed to incorporate conventional or kinetic flow 
principles to properly vent the air without premature closure. Flanged 
sizes (4-in. and larger) may be furnished in a dual housing. When dual 
castings are used, a bronze manual isolation valve shall be installed. This 
will allow the air release valve to be serviced when the system is under 
pressure. 

O. Blow-off Assemblies and Jumper Connections.  The materials required for 
both permanent and temporary 2-in. and 4-in. blow-off assemblies and 4-
in. jumper connections are shown on the plans. 

P. Backfill.  

1. Bedding and Initial Backfill for Water Mains.

a. Well graded gravels meeting the following requirements:

Passing the 1/25-in. sieve 100 percent 
Passing the ¼-in. sieve 95 to 100 percent 

The plasticity index shall be not more than 12 when tested in 
accordance with the TxDOT Test Method Tex-106-E. 
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b. Gravel subgrade filler composed of well graded, crushed
stone or gravel meeting the following requirements:

Passing the 2-in. sieve 100 percent 
Passing the 1-3/4-in. sieve at least 95 percent
Passing on ¼-in. sieve at least 90 percent 

The crushed stone or gravel shall have an abrasion of not more 
than 40 when subjected to the Los Angeles Abrasion Test. 

c. Existing materials composed of coarse sands and gravels
with maximum particle size of 1-3/4-in., various graded
sands and gravels containing small percentages of fines,
generally granular and non-cohesive, either wet or dry,
fine sands and clayey gravels, fine sand, sand-clay
mixtures and gravel-clay mixtures.

2. Secondary Backfill for Water Mains.

Approved materials excavated from the trench free of brush,
debris, large rock or stones and earth clods.

3. Sand Backfill for Service Lines.

Pit run sand which is free from clay lumps, organic material and
other deleterious substances.

Q. Asphalt.  All asphaltic concrete used in the replacement of pavement over 
the trench line shall conform to Item 341, “Dense-Graded Hot-Mix Asphalt 
(QC/QA), Type “C”, unless otherwise specified on the plans. 

R. Concrete.  All concrete required under this specification shall conform to 
Item 421, “Hydraulic Cement Concrete”.  Class “A” concrete shall be used 
in sidewalks and for blocking concrete steel cylinder mains; Class “D” 
concrete shall be used for the trench cap and for blocking all other types, 
unless otherwise specified on the plans. 

S. Reinforcing Steel.  All bar reinforcement shall be Grades 40 or 60, 
conforming to the requirements of Item 440, “Reinforcing Steel”. 

T. Affidavit of Compliance.  Unless otherwise directed, furnish a 
manufacturer's affidavit of compliance for each of the materials used in 
this project. The affidavit shall certify that factory inspection and all 
specified tests have been made and that the material furnished complies 
with the requirements outlined herein. 

U. Nonmetallic Pipe Detection.  Where nonmetallic pipe is installed 
longitudinally, a method of detecting the location of the nonmetallic pipe 
shall be required. Use a durable metal detection wire for nonmetallic pipe 
detection. The specific method used shall be as approved.  The materials 
involved shall be as specified by the manufacturer. The wire used shall be 
not less than 12 gauge. 
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V. High Density Polyethylene (HDPE) Pipe and Fittings. 

1. High Density Polyethylene Pipe and Fittings.

All pipe and fittings shall conform to the same requirements as
those specified for HDPE pipe and fittings. All HDPE shall have a
minimum pressure rating of 160 psi and a minimum dimension
ratio of 11 (DR 11). For Recycle Water Mains, the pipe shall have
3 pairs of longitudinal purple stripes, coextruded into the pipe
outside surface. Stripes printed on the outside of the pipe shall not
be accepted. If purple striped pipe is not available, the pipe must
be “bagged” in purple polyethylene plastic (8 mil) and shall be
installed per this specification.

Where standard ductile iron mechanical joint fittings are coupled
to plain-end (square-cut) HDPE pipe, mechanical joint adapters
must be used. Use Driscopipe Mechanical Joint Adapter (DIPS)
Kit or approved equal.

2. Pipe Joint Restraint System for HDPE Pipe.

Restraint devices shall be used where ductile iron mechanical joint
bell fittings are coupled to plain-end (square-cut) HDPE pipe, to
prevent movement of pipe connections. The restraint system shall
have a minimum pressure rating of 250 psi. The restrainer must
not be directionally sensitive.

Underwriter Laboratories and Factory Mutual certifications shall be
required on the restraint system. Each restraint device shall be
packaged individually and include installation instructions.

The pipe shall be restrained by a split retainer band that shall be
cast ductile iron, meeting or exceeding ASTM A536 Grade 65-45-
12. The inside face or contact surface of the band shall be of
sufficient width to incorporate machined non-directionally sensitive
serrations to grip the outside circumference of the pipe. The
serrations shall provide full (360 °) contact and maintain pipe
roundness and avoid any points of localized stress. The split band
casting shall be designed to bottom-out before clamping forces
(110 ft-lb minimum torque) can over-stress the pipe, but will
provide full non-directionally sensitive restraint at the rated
pressure.

Bolts and nuts used to attach the split retainer ring shall comply
with ANSI B 18.2/18.2.2, SAE Grade 5. Tee bolts, nuts and
restraining rods shall be fabricated from high strength, low-alloy
steel in accordance with AWWA C111.

Restraint devices shall be Uni-Flange Block Buster 1300C or
approved equal.
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3. Construction Methods.

A. Excavation.  

Excavation (trenching) as required to complete the water main installation 
shall be outlined herein, as shown on the plans and as directed.  Blasting 
to perform the excavation is not allowed. 

 1. Trenches.

All excavation shall be to a depth to provide a minimum of 4-ft. of
cover over the top of the pipe unless otherwise shown on the
plans or authorized in writing by the Engineer. Not more than 500-
ft. of trench shall be opened between the trench cutting and the
trench backfilling, except as otherwise directed. The Contractor
shall make exploratory cross cuts ahead of pipe laying operations
to verify grades of other underground utilities and shall gradually
adjust the depth of excavation to clear such utilities. Where new
water mains and sanitary sewer mains parallel each other they
shall be at least 9-ft. apart unless the sanitary sewer main is
constructed of cast-iron pipe or the equivalent of 150 psi pressure
pipe with watertight joints or unless other precautions approved by
the Texas Commission on Environmental Control (TCEQ) are
taken to make the sewer main watertight and to prevent
contamination of the water main.

 2. Width of Trench.

Trenches shall be of sufficient width to provide ample working
space for men engaged in handling pipe and making joints. In no
case is the width of the trench inside sheeting and bracing lines be
less than 16-in. greater than the pipe diameter or as shown in
Table 2, “Trench Width”.

In order to protect the pipe from external loads it is necessary to
limit the width of the lower portion of the trench below an elevation
of 6-in. above the top of the installed pipe. Such limiting minimum
and maximum trench widths together with the permissible
clearance between the installed pipe and either trench wall shall
be as shown in Table 2, “Trench Width”.
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Table 2 
Trench Width 

Pipe 
Minimum Trench 

Width 
Maximum Trench 

Width 

6”, DI, PVC, & Steel 22” 30” 
8”, DI, PVC, & Steel 24” 32” 

12”, DI, PVC, & Steel 28” 36” 
16”, DI, & Steel 32” 40” 
20”, DI, & Steel 36” 48” 
24”, DI, & Steel 40” 54” 
30” DI, & Steel 46” 60” 
36” DI, & Steel 52” 66” 
42” Steel 58” 72” 
20” CSC *42” *48”
24” CSC *48” *54”
30” CSC *54” *60”
36” CSC *60” *66”
42” CSC *66” *72”

* Manufacturer's Minimum - Maximum

 3. Classification of Excavated Materials.

No classification of excavated materials shall be made.
Excavation and trench work shall include the removal and
subsequent handling of all materials excavated in accordance with
Item 400, “Excavation and Backfill for Structures”.

 4. Grade of Trench Bottom.

The trench shall be over-excavated to a depth of 6-in. below the
grade line established for the bottom of the pipe, regardless of the
type of pipe. The grade line of the pipe shall then be met by the
addition of a layer of approved selected material as directed.

5. Excavation Below Grade.

Any part of the bottom of the trench excavated below the limits
specified in Section 3.(1)(d), “Grade of Trench  Bottom”, shall be
corrected with approved material and compacted as directed.  If
excessive over-excavation occurs, except at bell holes, the grade
shall be restored in accordance with the methods described in
Section 3.A.6, “Unstable Conditions at Grade”.

6. Unstable Conditions at Grade.

Where the bottom of the trench at grade is found to be unstable or
to include ashes, cinders, any type of refuse, vegetable or other
organic material, or large pieces of fragments or inorganic
materials which in the judgment of the Engineer should be
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removed, excavate and remove such unsuitable material to the 
width and depth directed. Before the pipe is laid, the grade shall 
be restored by backfilling with an approved material in layers of 3-
in. prior to compaction. The layers shall be slightly moistened and 
thoroughly compacted so as to provide a uniform and continuous 
bearing and support for the pipe at every point between bell or 
collar holes. The finished grade shall be accurately graded to 
provide uniform bearing and support for each section of pipe at 
every point along its entire length except for the portions of the 
pipe sections where it is necessary to excavate for bell holes and 
for the proper seating of pipe joints. 

7. Trench Excavation Protection.

All trench excavation required on this project shall be 
accomplished as required by the provisions of Item 402, “Trench 
Excavation Protection”. 

8. Caution in Excavation.

The Contractor shall proceed with caution in the excavation and 
preparation of the trench so that the exact location of underground 
structures and utilities may be determined whether shown on the 
plans or not. Machine excavation is not permitted closer than 12-
in. on either side of other existing underground utilities.  The 
Contractor shall be responsible for the repair of such structures 
and utilities when broken or damaged. He is also to be 
responsible for adjusting alignment and trench grades with 
reference to such structures in order to obtain specified clearance 
for the water main construction. 

Whenever the Engineer determines that it is necessary to explore 
and excavate to determine the location of existing underground 
structures and utilities, the Contractor shall make explorations and 
excavations for such purposes at his expense. 

9. Protection and Restoration of Underground Structures and
Facilities.

The Contractor shall furnish temporary support, adequate 
protection, and maintenance of all underground and surface 
structures, drains, sewers, and other obstructions encountered in 
the progress of the work. All underground structures and utilities 
which are disturbed shall be restored by the Contractor at his 
expense.  Materials and methods used for restoration shall be in 
accordance with the City Code of San Antonio, Texas for Building, 
Electrical, and Plumbing and the requirements of the utility agency 
involved. 

In the event that a sanitary sewer is broken by the Contractor's 
operations the release of sewage into the trench shall be 
immediately intercepted by the insertion of a section of sheet 
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metal tubing known as a “tin-horn” between the broken ends of the 
sewer. All leakage at the ends of the “tin-horn” shall be effectively 
stopped.  The “tin-horn” shall remain in place until such time as 
permanent repairs can be made. It shall be the responsibility of 
the Contractor to determine sufficiently in advance of his trenching 
operations the size of all sanitary sewer lines and services which 
will require this treatment. 

All sanitary sewer lines crossing the excavation, whether bridged 
or replaced, are to have proper support consisting of sound timber 
supports having a minimum 2-in. nominal thickness and a 
minimum 6-in. nominal width placed with the width horizontal and 
extending a minimum of 12-in. into the trench wall on either side. 

In all cases where a sewer pipe is replaced or bridged, the backfill 
material shall be thoroughly compacted to the bottom of the pipe 
and compacted by hand from this point to a distance of 6-in. 
above the top of the sewer line being replaced. 

The locations of all sewer lines crossing excavations, whether 
replaced or bridged shall be properly marked, and care shall be 
taken to avoid damage to the pipe through the use of a hydro-
tamping machine or other mechanical equipment. The Contractor 
shall be liable for the failure of such lines due to negligence or 
poor workmanship. 

10. Backfill Material Derived from Excavation.

All excavated materials deemed suitable for reuse as trench backfill shall be 
separated where practicable from the general excavation 
material, or as directed. 

11. Pavement.

Remove pavement and surfaces as a part of the trench
excavation. Removal of pavement and surfaces and their
restoration shall be based on the minimum trench widths as
specified in Table 2, “Trench Width”, plus 6-in., or as otherwise
provided herein. Use such methods as sawing, drilling, or chipping
to assure the breaking of the pavement along straight lines. If
pavement or surfaces beyond the limits specified above are
removed or damaged, such pavement and surfaces shall be
restored at the expense of the Contractor.

Where water line construction necessitates cutting through
existing streets outside the limits of new street construction, said
streets shall be replaced in kind as directed.

Where it is necessary to maintain traffic across a trench, install
temporary metal bridges as necessary to facilitate the movement
of traffic.

Item 800 Page 30 of 77 April 2014 



San Antonio River Authority Standard Specifications for Utility Construction 

The street surface adjacent to the trench shall be kept free of 
surplus spoil.  Construction materials shall be placed at locations 
that will minimize interference with the traveling public. 

12. Concrete Sidewalks, Driveways, Etc.

All concrete sidewalks, driveways, etc., shall be cut with a
concrete saw. When transverse expansion or “dummy” joints are
encountered, the concrete shall be removed to the nearest
transverse joint on each side of the trench and restored. The
depth of cut shall be such that upon removal of the concrete, the
sides of the cut shall be straight and square.

Existing reinforcing wire fabric or bars shall be cut and removed to
permit completion of trench excavation, pipe laying, and backfill
operations. When the backfill operations have been completed,
the existing reinforcement shall be replaced in its original position
and satisfactorily spliced prior to the replacement of concrete over
the new trench alignment.

Transverse “dummy” joints shall be made by a jointing tool or
other means acceptable, and are to match in depth and thickness
in the existing transverse joints.

Expansion joint material shall be provided where new construction
abuts the existing curb or driveway if the Engineer deems it
necessary.

Concrete shall be spaded, tamped, and thoroughly compacted
until mortar entirely covers the surface and has a monolithic finish.
The top surface shall be floated, troweled, and finished to match
the existing concrete surface.

Immediately after finishing, the concrete surface shall be protected
by a membrane compound curing agent, or by wetted cotton or
burlap mats. Either method shall be subject to approval.

B. Pipe Laying.  

1. General Requirements.

Start the work at a tie-in point, unless otherwise indicated on the
plans. Pipe shall be laid with bell ends facing the direction of
laying, unless otherwise authorized or directed. Under no
circumstances is pipe to be laid in water and no pipe shall be laid
under unsuitable weather or trench conditions. All valves and fire
hydrants must be installed as soon as pipe laying reaches their
established location. Pipe shall be installed to the required lines
and grades with fittings, valves, and hydrants placed at the
required locations.

Spigots shall be centered in bells or collars, all valves and hydrant
stems shall be set plumb, and fire hydrant nozzles are to face as
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shown on the plans or as directed.  No valve or other control on 
the existing system shall be operated for any purpose by the 
Contractor unless approved. 

Maintain a neat and orderly work area. Complete cleanup shall be 
maintained at all times as closely behind the pipe laying 
operations as possible, but in no case is such cleanup be 
permitted to lag more than 1,000-ft. behind the pipe laying, unless 
otherwise directed. 

 2. Crossing other Underground Lines.

New water mains crossing other utilities are to have a minimum of 
24-in. of cover over the top of the pipe unless otherwise waived or 
modified. Excavation around other utilities shall be done by hand 
for at least 12-in. all around. Any damage to the protective wrap 
on gas lines or electrodes shall be reported immediately to the 
Gas Company. 

 3. Pipe Grade.

Pipe grades shall be as required on the plans, or as directed. 
Grades shall be met as specified by Subarticle 3.A, “Excavation”. 
Care shall be taken to insure that the pipe barrel has uniform 
contact with the bedding material for its full length except at 
couplings. The coupling is not to be in contact with the original 
trench bottom prior to backfill. Bedding material shall be placed 
under the coupling and compacted by hand prior to backfilling so 
as to provide an even bearing surface under the coupling and 
pipe. To insure an even bearing, a straightedge shall be used to 
check the grade for each joint of pipe before the pipe is placed in 
the trench. Change in grade shall be made only at joints. 

 4. Bedding and Bedding Materials.

Prior to placing pipe in a trench, the trench shall have been 
excavated to the proper depth as required in Subarticle 3.A, 
“Excavation”. Approved materials shall be smoothly worked by 
hand across the entire width of the trench bottom to provide a 
supporting bedding for the pipe. The bedding material for ductile 
iron pipe in the nominal diameters of 6, 8 and 12-in. shall be well 
graded gravels having a minimum thickness of 4-in. and 
conforming to the gradation requirements contained in Section 
2.Q.1, “Bedding and Initial Backfill for Water Mains”.  Where
unstable materials and laying conditions as defined in Section 
3.A.6, “Unstable Conditions at Grade”, are encountered at the
pipe bearing level, the unsuitable materials shall be removed and 
replaced to a minimum thickness of 6-in. for all nominal diameters 
of ductile-iron pipe with a gravel subgrade filler conforming to the 
gradation requirements contained in Section 2.Q.1, “Bedding and 
Initial Backfill for Water Mains”. 
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 5. Cleaning Ductile-Iron Pipe.

All lumps, blisters, and excess coal-tar coating shall be removed 
from the ends of ductile-iron pipe fittings. The outside of the spigot 
and the inside of the bell shall be wire-brushed and wiped clean, 
dry, and free from oil and grease before the pipe is laid. The 
interior of the pipe shall be blown clean with compressed air or 
swabbed out clean and dry as directed. Immediately prior to 
placing any pipe in the trench the interior shall be cleaned by an 
approved brush or swab or with compressed air to remove all dirt 
and foreign materials. All pipe and fittings shall be inspected by 
the Contractor for defects while suspended above ground. 

 6. Lowering Materials into Trench.

Proper implements, tools and facilities shall be approved and used 
for the safe and convenient prosecution of work. All pipe, fittings, 
valves, and hydrants shall be carefully lowered into the trench 
piece by piece by means of a derrick, ropes, or other suitable tools 
or equipment in such a manner as to prevent damage to water 
main materials and protective coatings and lining. Under no 
circumstances are water main materials to be dropped or dumped 
into the trench. 
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7. Installing Pipe.

Every precaution shall be taken to prevent foreign material from 
entering the pipe while it is being placed in the line. Under adverse 
trench conditions and as otherwise required, a heavy, tightly 
woven canvas bag of suitable size shall be placed over each end 
prior to lowering the pipe into the trench and left in place until a 
connection is made to the adjacent pipe. 

After placing a length of pipe in the trench, the jointed end shall be 
centered on the pipe already in place, forced into place, brought to 
correct line and grade, and at the joint completed in accordance 
with the requirements specified herein. The pipe shall be secured 
in place with approved backfill material tamped around it except at 
the bells. Pipe and fittings which do not allow a sufficient and 
uniform space for joints shall be rejected and shall be replaced 
with pipe and fittings for proper dimensions.  Precautions shall be 
taken to prevent dirt or other foreign matter from entering the joint 
space. 

At times when pipe laying is not in progress the open end of pipe 
in the trench shall be closed by a watertight plug or other means 
approved. Pipe in the trench which cannot temporarily be jointed 
shall be capped or plugged at each end to make it watertight. This 
provision shall apply during all periods when pipe laying is not in 
progress. If water enters the trench, the seal shall remain in place 
until the trench is completely dry. 

 8. Defective or Damaged Material.

Pipe and accessories shall be inspected for defects prior to being 
lowered into the trench. Any defective, damaged, or unsound 
material shall be repaired or replaced as directed. 

If a damaged piece of pipe is placed in the water main, the 
Contractor shall furnish, at his expense, all labor and materials 
required for removing and replacing the defective pipe and 
restoring the street to its condition just prior to the failure of the 
pipe. For any damage done to the pipe after installation, the 
Engineer may permit the damaged section to be cut from the 
length unless it is the opinion of the Engineer that the entire length 
was damaged. The cost and replacement of broken pipe shall be 
at the expense of the Contractor. 

 9. Salvaged and Scrap Materials.

All water works material or scrap of whatever nature removed by 
the Contractor in the course of the work shall remain the property 
of the Engineer.  Unless authorized to be reused in the same job, 
salvaged materials shall be delivered to and unloaded at the 
Materials Storage Yard at East Side Service Center 3930 E. 
Houston Street by the Contractor under observation of and at the 
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direction of the Engineer. Items too heavy to be handled manually 
shall be unloaded by equipment. The Contractor shall be 
responsible for all materials until they have been turned in to the 
Engineer and until a receipt for them has been delivered by the 
Engineer. Salvage operations shall be considered subsidiary to 
the installation and will not be paid for directly. 

 10. Water For Contractor's Use.

Water for flushing and testing mains, jetting trenches, and for 
drinking purposes shall be made available at existing facilities of 
the Engineer. Furnish all necessary pipe, hose extensions, or 
transportation to the point of use. The necessary water shall be 
furnished without charge except that that the Engineer reserves 
the right to rescind this provision upon evidence of undue wastage 
or unauthorized use of water and, in lieu thereof, to provide 
metered service to the Contractor in accordance with existing 
regulations. Provide a valve to be attached to the fire hydrants 
from which water is being drawn. The fire hydrant shall be opened 
full and shall remain fully opened when in use. Only the 
connection valve shall be operated to obtain the required water. 

 11. Holes at Bells and Collars.

Bell holes of sufficient size shall be provided at each joint to permit 
the joints to be made properly. For mechanical type joints the 
minimum clearance between the bell and natural ground shall be 
6-in. in all directions. For asbestos-cement pipe joints clearance 
shall be sufficient to manipulate rings and collars. Bell holes for 
concrete steel cylinder pipe shall be of sufficient size to properly 
joint the pipe and place the required grout. Subject to the above 
provisions the length of excavation for bell holes below grade of 
the trench bottom shall be kept to a minimum. 

 12. Deviations in Line or Grade.

Wherever obstructions, not shown on the plans, are encountered 
during the progress of the work and such obstructions interfere to 
such an extent that an alteration on the plan is required, the 
Engineer shall have the authority to change the plans and direct a 
deviation from the line and grade or to arrange with the owners of 
the structures for the removal, relocation, or reconstruction of the 
obstruction.  Any deviation from the line shall be accomplished by 
the use of appropriate bends unless such requirements are 
specifically waived. 

Whenever it is necessary to deflect pipe from a straight line the 
deflection is as directed. In no case are the amounts shown in 
Table 3, “Maximum Deflections of Ductile-Iron Pipe”, for ductile-
iron pipe, Table 4, “Maximum Deflections of PVC Pipe”, for PVC 
pipe, and Table 5, “Maximum Defections of Concrete-Steel 
Cylinder Pipe”, for concrete pipe to be exceeded. 
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Table 3 
Maximum Deflections of Ductile-Iron Pipe 

Norm Max Max Approx Rad of Curve in Ft 
Pipe Joint Defl Max Deflection in Inches Produced by Succession of 
Dia Open Angle with Pipe Length of: Joints with Pipe Lgth of: 

(Inch) (Inch) Deg/Mi
n 

12ft 16ft 18ft 20ft 12ft 16ft 18ft 20ft 

6 0.58 4/25 11.1 14.8 16.7 18.5 156 208 234 260 
8 0.65 3/51 9.7 12.8 14.6 16.2 178 238 268 297 
10 0.75 3/42 9.3 12.4 14.0 15.5 186 248 279 310 
12 0.75 3/08 7.9 10.5 11.9 13.2 218 292 327 363 
14 0.75 2/39 6.7 8.9 10.1 11.2 258 345 387 430 
16 0.75 2/21 5.9 7.9 8.8 9.7 293 390 440 488 
18 0.75 2/07 5.3 7.0 7.0 8.8 326 434 489 543 
20 0.75 1/55 4.8 6.4 7.2 8.0 360 480 540 600 
24 0.75 1/35 4.0 5.3 6.0 6.7 432 577 648 720 
30 0.75 1/19 3.3 4.4 5.0 5.5 524 699 786 873 

Table 4 
Maximum Deflections of PVC Pipe 

Normal Maximum 
Pipe Deflection Maximum Deflection Approx Radius of 

Diameter Angle in Inches Curve in Feet 
(Inches) Deg/Min 6.5ft lgth 13ft lgth 6.5ft lgth 13ft lgth 

6 2/30 3.4 6.8 150 300 
8 2/30 3.4 6.8 150 300 
10 2/30 3.4 6.8 150 300 
12 2/30 3.4 6.8 150 300 
16 1/30 2.0 4.0 250 500 
20 1/30 2.0 4.0 250 500 
24 1/30 2.0 4.0 250 500 

Table 5 
Maximum Deflections of Concrete-Steel Cylinder Pipe 

Normal 
Pipe 

Diameter 
(Inches) 

Maximum 
Deflection 

Angle 
Deg/Min 

Maximum 
Deflection 

20 ft Laying Length 
(Inches) 

Approx Radius  
of Curve 

20 ft Laying Length 
(Feet) 

16 2/20 9.8 500 
20 1/5 27.8 600 
24 1/3 46.6 750 
30 1/16 5.3 900 
36 1/02 4.3 1100 
42 0/54 3.8 1300 
48 0/4 73.6 1500 
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 13. Cutting Pipe.

The cutting of pipe for inserting valves, fittings or closure pieces
shall be accomplished in a neat and workmanlike manner so as to
produce a smooth end at right angles to the axis of the pipe.
Where possible, pipe 20-in. in diameter and larger shall be cut by
machine or by hydraulically tensioned wheel cutters; otherwise,
with approval, the pipe may be cut manually with a cold chisel or
by electric arc using carbon or steel welding rods. Only qualified
and experienced workmen shall be used, and under no
circumstances is a workman not equipped with proper safety
goggles and helmet permitted to engage in this work.

All cuts made on ductile-iron pipe shall be done with a torch or
power saw. The cuts shall be made at right angles to the pipe axis
and shall be smooth. The edges of the cut shall be finished
smoothly with a hand or machine tool to remove all rough edges.
The outside edge of pipe shall be finished with a small taper at an
angle of about 30 °.

Plastic pipe shall be field cut using a power saw with a steel blade
or abrasive disc depending on the size of the pipe. If a bevel is
needed after field cutting, it should be in accordance with Uni-Bell
recommendations.

 14. Coating and Wrapping Underground Pipe.

a. Steel Pipe.

Exterior surfaces of all new pipe and appurtenances
installed shall be thoroughly cleaned to bare metal by high
speed wire brushing, scraping, or other suitable methods
approved by the Engineer, given a single coat of industrial
grade, rust inhibitive primer, and two finish coats of
aluminum paint.

Exterior surfaces of all steel pipe, bends, and specials
which are to be installed in open trench shall be thoroughly
cleaned to bare metal by high speed wire brushing,
scraping, or other suitable methods approved by the
Engineer, given a single coat of rust inhibitive primer, and
wrapped with polyvinyl tape in accordance with AWWA
C203-91, “Protective Coatings for Steel Water Pipelines,”
(Appendix C).

After installation of pipe, bends, and specials, all ends of
pipe adjacent to welded field joints, including the weld
proper, shall be cleaned, primed, painted or wrapped as
specified for the pipe adjacent to the weld.

The interior surfaces of all steel pipe, fittings and specials
shall be cleaned by sandblasting and them primed and
coated in the shop with coal tar enamel.
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The procedure for coating flanged joints and mechanical 
coupling joints when used with steel pipe shall be as 
specified in Section 3.B.15, “Protective Coating and 
Wrapping on Joints”. 

b. Ductile-Iron Pipe.

Where ductile-iron pipe is to be installed in a bore, the pipe 
shall be thoroughly cleaned down to the coal-tar enamel 
pipe coating by approved methods. Where damaged, a 
prime coat compatible to the polyvinyl tape to be used shall 
then be applied to the pipe. Following the application of the 
prime coat, the pipe shall be wrapped with Scotchrap, 
Trantex V-10 polyvinyl tape, or an approved equal. The 
tape shall not be applied until the prime coat is completely 
dry. 

The tape shall be spirally and tightly wrapped on each 
section of the pipe with a 50% lap. The wrap shall be made 
to the bell on the bell end and to a point 6 in. inches from 
the spigot end. The joint shall be protected with tape 6 in. 
inches in width on pipe 12 in. inches or less in size and 
with tape 8 in. in width on pipe greater than 12 in. in size. 

Ductile iron pipe to be installed in a trench shall be 
protected in the following manner. Each pipe joint shall be 
covered with a 4 mil think  shall cover the full length of the 
pipe joint, lap over 1 ft. on each end of the adjoining pipe 
joints, and be secured with a minimum of two 
circumferential turns of pressure sensitive polyvinyl tape. 
Excess material should be neatly drawn up around the 
pipe barrel, folded into an overlap on top of the pipe, and 
held in place by means of pieces of pressure sensitive tape 
at approximately 5 ft. intervals. After assembling the joint, 
the polywrap tube from the previously installed pipe shall 
be pulled over the joint and secured by the Contractor. The 
polywrap tube from the new joint shall be pulled over the 
first tube and secured by the Contractor to provide a 
double seal. 

Cast-iron and Ductile-iron fittings and valves shall be 
completely wrapped in 8 mil thick polyethylene film with a 
minimum of 1 ft. overlap on each end and appropriately 
taped. Laps shall cover joints with adjoining pipe joints or 
fittings when installed. Fire Hydrant barrel from the surface 
to the valve shall be wrapped as specified herein. 

Any damaged areas in the polyethylene film shall be 
repaired by covering the area with a sheet of polyethylene 
film large enough to lap over the damaged area on 1 ft. 
minimum in any direction and appropriately taped. Extreme 
care shall be taken at service tap locations to insure that 
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the tape extends beyond the corporation and onto the 
service line pipe 1 ft. 

Prior to placing pipe in the trench, a cushion of approved 
materials shall be placed in the trench as required by Item 
400, “Excavation and Backfill for Structures”. Backfill 
material shall be carefully placed on the pipe so as to 
avoid any damage to the polyethylene sleeve. 

The Contractor shall use care to protect and preserve the 
polyethylene wrap around ductile iron water mains when 
installed service corporations. The required method is to 
wrap pipe tape around the pipe over the polywrap in the 
area to be tapped. The tap is to be made through the tape 
and polywrap. It is not necessary to remove and replace 
polywrap. All exposed pipe, the corporation, and the first 3 
ft. of the service shall be wrapped and taped to achieve a 
complete seal. In addition, a sand envelope shall extend 
over and around the connection to a depth of eight inches 
above the main. 

c. Concrete-Steel Cylinder Pipe.

All exposed steel or cast-iron surfaces and appurtenances 
such as flanges, bolts, threaded outlets, closures, 
adaptors, and caulked joints shall be protected in the field 
by the application of 1-in. minimum thickness of cement 
mortar consisting of 1 part Hydraulic cement to 2-1/2 parts 
of the fine sharp plaster sand, and reinforced by heavy ½-
in. mesh hardware cloth secured by wire ties. Surfaces of 
metal to be mortar-coated shall be thoroughly cleaned and 
drenched with water just prior to placing the mortar and be 
covered with damp burlap to prevent rapid drying. 

 15. Protective Coating and Wrapping on Joints.

All bolts and nuts installed for underground service on valves, fire 
hydrants, cast-iron mechanical joint fittings, pipe joints, and other 
ferrous metal appurtenances shall be packed in an approved 
asphaltic material after installation. After the joint has been made 
and bolts drawn to proper tension, the joint including glands, 
flanges, bolt heads, and nuts shall be packed in asphaltic 
materials such as Texaco Compound L; San Chem Inc No-Ox-ID; 
Trenton Tem-Coat, or approved equal, to a minimum thickness of 
1/2-in. over all surface. Coating and wrapping of joints shall be 
considered subsidiary to the installation and will not be paid for 
directly. 

 16. Joint Assembly.

The installation of pipe and the assembly of rubber ring joints for 
ductile-iron pipe, concrete-steel cylinder pipe, shall conform to the 
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pipe manufacturer's assembly instructions. The method of 
inserting spigot ends of pipe in bells or collars known as “stabbing” 
is not permitted with pipe larger than 6-in. in size. Spigot ends of 
pipe larger than 6-in. in size must be properly inserted in the joint 
by means of suitable pushing or pulling devices. 

Assemble and connect mechanical couplings according to the 
manufacturers’ standards. Prior to the installation of the 
mechanical coupling, pipe ends shall be cleaned by wire brush or 
other acceptable method to provide a smooth bearing surface for 
the rubber compression gasket. The pipe shall be marked to align 
the end of the coupling which will center it over the joint. After 
positioning, the nuts shall be drawn up finger tight. Uniform 
pressure on the gaskets shall be applied by tightening alternate 
bolts on the opposite side of the circle in incremental amounts. 
Final tensioning shall be accomplished with a torque wrench and 
in a manner similar to the tightening procedure. The coupling shall 
then be left undisturbed for 24 hours to allow the gaskets to “pack-
in”. Final torque check shall then be made prior to coating and 
wrapping the joint.  Table 6, “Torque for Mechanical Couplings”, 
sets forth the proper torque for various sized mechanical 
couplings and is included for the convenience of the Contractor. 

Table 6 
Torque For Mechanical Couplings 

Coupling Size Bolt Diameter Torque 

2” to 24” 5/8” 75 ft/lb 
2” to 24” 3/4” 90 ft/lb 
30” and 36” (1/4”x7” & 
1/4”x5” 

Middle Rings) 

5/8” 65 ft/lb 

30” thru 36” (3/8” & heavier 
Middle Rings) 

5/8” 70 ft/lb 

30” to 48” 3/4” 80 ft/lb 

 17. Polyvinyl Chloride Pipe and Accessories.

Plastic pipe shall be joined in accordance with the instructions 
furnished by the manufacturer. Pipe joined using solvent 
cementing techniques is not to be handled or installed in the 
trench until after the joints are sufficiently “cured” to prevent 
weakening the joint. 

Lubrication for rubber-gasketed joints shall be water soluble, non-
toxic, and non-objectionable in taste and odor imparted to the 
fluid, non-supporting of bacteria growth, and has no deteriorating 
effect on PVC or the rubber gaskets. 

The maximum bury depth of tracer wire shall be three feet, 
minimum depth shall be one foot. Tracer wire shall be utilized for 
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location purposes. Tracer wire shall be of solid core (14 gauge 
insulated), and shall be taped to the main in minimum of 10 in. 
increments. Wire shall also come up to the top of valve extensions 
and fire hydrant stems, as directed by the Inspector. 

 18. Fittings.

Fittings 6-in. through 12-in. in size shall be either mechanical joint, 
push-on joint short body, or push-on joint compact body unless 
otherwise stated on the plans.  Fittings 16-in. through 24-in. in size 
shall be mechanical joint type unless otherwise specified on the 
plans. Adaptors shall be used where necessary to provide a 
transition between asbestos-cement pipe and the fittings. When 
asbestos-cement pipe is used a rubber ring joint shall be provided 
not more than 7-ft. from both sides of fitting unless a rubber joint 
fitting is used. Restraints shall be provided as specified on the 
plans or as directed. 

 19. Tie-in to Existing Mains.

The Contractor shall make all ties to existing mains required by 
the plans as soon as pipe laying reaches the designated location 
except where the plans provide for the tie-in to be made after the 
new main has been released for service by the Water System 
Company. Ties to existing mains are to consist of wet and dry 
connections.  A “wet connection” is a connection to a water main 
under pressure and is made by a pipe tapping machine without 
interrupting service to customers. A “dry connection” is a 
connection to a water main while the main is empty. Cutting, 
capping, plugging, adapters, couplings, and abandoning existing 
water mains shall be considered subsidiary to new main 
construction and will not be paid for directly. 

20. Abandonment of Old Mains and Valves.

The Contractor shall accomplish all cutting, capping, plugging, and 
blocking necessary to isolate those existing mains retained in 
service from those abandoned.  The open ends of abandoned 
mains and all other openings or holes in such mains occasioned 
by cutting or removal of outlets shall be blocked off by manually 
forcing cement grout or concrete into and around the openings in 
sufficient quantity to provide a permanent substantially watertight 
seal. 

Valves abandoned in the execution of the work are to have the 
valve box and extension filled with Class “D” concrete or an 
equivalent sand-cement mix and finished flush with the adjacent 
pavement or ground surface. The valve covers shall be salvaged 
and returned to the Water System Company. Abandoning old 
mains and valves shall be considered subsidiary to the installation 
and will not be paid for directly. 
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 21. Jacking, Boring, Open Cut or Tunneling Pipe.

Jacking, Boring, Open Cut, or Tunneling for water mains shall be
performed at the locations shown on the plans and at such other
locations specifically designated. Jacking, boring or tunneling
operations are to conform to the requirements of Item 476,
“Jacking, Boring or Tunneling Pipe or Box”.

 22. Installation in Casing.

Ductile iron pipe installed in the casing shall be coated and
wrapped in accordance with the plans and Subsection 3.B.14.b,
“Coating and Wrapping Underground Pipe”, Ductile-Iron Pipe, of
this Special Specification.

 23. Installation of Split (RCP) Conduit.

Install all split RCP conduit at the locations and in accordance with
the detail shown on the plans.

The work involved in the installation of split RCP conduit shall
consist of: excavation through whatever material encountered;
cleaning existing ductile or cast iron pipe by approved methods
and wrapping prior to its encasement by using split RCP conduit in
accordance with Subsection 3.B.14.b of this Special Specification;
“Coating and Wrapping Underground Pipe”. Ductile-Iron Pipe;
Cutting, where required, the RCP along the longitudinal axis of
each joint; placement and compaction, where required, of
approved bedding and backfill; cast-in-place concrete cradles for
existing water mains; longitudinal stabilizing beams for the split
RCP Conduit, and other work as may be required or directed.

 24. Cutting-in Valves.

The work involved in cutting a valve into an existing main shall
consist of excavation and backfilling with approved selected
material; hauling and disposition of surplus excavation and other
materials; installation of the valve, valve box assembly, all pipe
used to complete cut-in; reaction blocking; polyethylene wrapping
where required.

 25. Tapping Sleeves and Valves.

The work involved in the installation of a tapping sleeve and valve
shall consist of excavation, backfilling the excavation with
approved selected material, installed the tapping sleeve, approved
reaction blocking conforming to the plans, tapping valve, valve box
assembly, concrete collar where subjected to street traffic, and a
cast iron lid. New taps will not be permitted closer than two feet of
a joint or existing tap. The use of a shell type cutter shall be
required. Whenever working on potable or recycle water systems,
the shell cutter shall be disinfected with bleach prior to start of
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work. The cutting edge shall be sharp and round. Defective cutters 
shall be rejected by the Inspector. 

All the tapping sleeved shall be air tested to 50 psi prior to tapping 
the main line. 

The valve box shall be placed in such a manner to prevent shock 
or stress from being transmitted to the valve. It shall be centered 
and plumb over the operating nut of the valve with the box cover 
flush with the surface of the finished pavement or at such other 
levels as may be directed by the Engineer. Valve boxes located in 
streets or other areas subject to vehicular traffic shall be provided 
with concrete collars as shown in the plans. Collars around such 
valve boxes shall be formed and finished off neatly and in a 
workmanlike manner. 

 26. Cutting-in Tees.

The work involved in cutting in a tee shall consist of excavation,
backfilling the excavation with approved selected material,
installation of all pipe cut and used to complete the connection,
fittings, and reaction blocking required.

 27. Pipe Joint Restraint System.

Restraint devices shall be used where ductile iron mechanical joint
bell fittings are coupled to plain-end (square-cut) HDPE pipe, to
prevent movement of pipe connections. Mechanical joint adapters
shall be required for the HDPE pipe.

Pipe joint restraints shall be utilized to prevent movement for PVC
push-on bell and spigot pipe connections. The restrainer may be
adapted to connect a plain end PVC pipe to a ductile iron
mechanical joint (MJ) bell fitting.

All restraint devices shall be installed in accordance with the
manufacturer’s instructions.

 28. Concrete Encasement, Cradles, Saddles and Collars.

a. Concrete Encasement. When concrete encasement is
shown on the plans or when directed, the trench shall be
excavated and fine graded to a depth conforming with the
details and sections shown on the plans. The pipe shall be
supported by pre-cast concrete blocks of the same
strength as the concrete for encasement and securely tied
down to prevent floatation. Encasement concrete shall be
placed to a depth and width conforming with details and
sections shown on the plans.

b. Concrete Cradles. When concrete cradles are shown on
the plans or when directed, the trench shall be prepared
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and the cradle constructed in accordance with details and 
sections shown on the plans. 

c. Concrete Saddles. When shown on the plans or when
directed, pipe to receive concrete saddle shall be backfilled
to the spring line and concrete placed for a depth and
width conforming with details and sections shown on the
plans.

d. Concrete Collars. When shown on the plans or when
directed, concrete collars shall be constructed in
accordance with details and sections shown on the plans.

C. Fire Hydrants and Miscellaneous Appurtenances. 

 1. Fire Hydrants.

Hydrants shall be connected to the main as shown on the plans or
as directed by the Engineer. They shall be installed in accordance
with the plans for proper thrust blocking. They shall be installed in
a manner which will provide complete accessibility and the
minimum possibility of damage from vehicles or injury to
pedestrians. When the hydrant is placed directly behind the curb,
the hydrant barrel shall be set so that no portion of the hydrant
shall be less than 12 for more than 7 ft. from the back face of the
curb. When the hydrant is set in the lawn space between the curb
and the sidewalk or between the sidewalk and the property line,
no portion of the hydrant or nozzle cap shall be within 6 in. of the
sidewalk.

Setting final grade of fir hydrant to match proposed or existing field
conditions is the responsibility of Contractor.

Hydrants shall be set in accordance with the San Antonio River
Authority standards and shall be set plumb and shall have their
nozzles parallel with or at right angles to the curb with the pumper
nozzle facing the curb. Drainage and blocking shall be provided at
the base of the hydrant as specified. No fire hydrant drainage
system or pit shall be connected to a storm or sanitary sewer.

The Contractor shall install anchored or flanged style fittings in
accordance with the plans.

When an existing fire hydrant is to be replaced or relocated, the
work shall be accomplished by either (1) relocating the existing
fire hydrant by closing the fire hydrant branch valve, removing the
existing fire hydrant, extending the fire hydrant branch and
installing the fire hydrant as specified herein or (2) using a tapping
sleeve and valve of the size and type indicated on the plans or as
directed by the Engineer to install the new fire hydrant. The
Contractor shall salvage the existing fire hydrant and other
materials as designated in the field by the Construction Inspector
and shall deliver this material to the SARA materials storage yard.
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The fire hydrant branch shall be abandoned by cutting and 
capping the fire hydrant cast-iron tee at the service main and 
surface restored to its original condition. 

After the fire hydrant has been set, hydrants shall be painted with 
a suitable primer and finished with oil-based aluminum paint from 
the top of the hydrant to a point 18-20 in. below the center line of 
the pumper nozzle and applied to all exposed metal surfaces 
above the hydrant base flange. The payment for fire hydrant 
painting shall be included in the unit cost for installing the fire 
hydrant. 

Ductile Iron (DI) pipe, cast-iron and ductile-iron fittings, and valves 
used in the placement of fire hydrants and connections to the 
main shall be considered part of the fire hydrant installation and 
not a part of the main construction, and no separate payment shall 
be made for this pipe. Hydrants shall be connected to the main as 
shown on the plans or as directed by the Engineer. They shall be 
installed in a manner which will provide complete accessibility and 
the minimum possibility of damage from vehicles or injury to 
pedestrians. 

 2. Valve Boxes, Pits, and Manholes.

Valves shall be provided with valve boxes, manholes, or valve pits
as shown on the plans.

The valve box shall be placed in such a manner to prevent shock
or stress from being transmitted to the valve. It shall be centered
and set plumb over the operating nut of the valve with the box
cover flush with the surface of the finished pavement or at such
other level as may be directed. Valve boxes located in streets or
other areas subjected to vehicular traffic shall be provided with
concrete collars as shown on the plans. Collars around such valve
boxes shall be formed and finished off neatly and in a
workmanlike manner.

Valve pits shall be located so that the valve operating nut is
readily accessible for operation through the opening in the
manhole. The manhole ring and cover shall be set flush with the
surface of the finished pavement or at such other elevations as
may be specified. Pits shall be constructed to permit minor valve
repairs and to afford protection to the valve and pipe from impact
where they pass through the pit walls.

Existing valve boxes located within the limits of new street
construction which are in conflict shall be adjusted to match
proposed finish grades.

3. Air Release Assembly.

Air release valves and appurtenant items shall be installed at the
locations shown on the plans unless otherwise directed.
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4. Blow-offs.

Permanent and temporary blow-off assemblies and also
temporary jumper connections shall be installed at the locations
shown on the plans or where otherwise directed. The permanent
blow-off shall consist of all galvanized pipe, valve, and fittings of
the various sizes detailed on the plans, 6-in. valve box assembly
including the 6-in. valve box and concrete collar around the valve
box where subjected to vehicular traffic. The temporary blow-off
shall consist of all galvanized pipe, valve, and fittings of the
various sizes detailed on the plans.

 5. Anchorage and Blocking.

Suitable reaction blocking or anchorage shall be provided at all
dead ends, plugs, caps, tees, crosses, and bends as shown on
the plans. Anchor blocks shall be constructed solidly behind the
fitting and symmetrical with the axis of resultant thrust except
where this is not possible as in the case of gravity anchorage for
vertical bends. Special ties and anchor fittings may be utilized in
conjunction with blocking when shown on the plans or as directed.

Except for concrete-steel cylinder pipe where blocking is Class “A”
(3,000 psi), concrete blocking for mains shall be Class “D” (1,500
psi) placed between solid ground and the fitting except as
otherwise shown on the plans. The area of bearing in contact with
solid ground shall be that shown on the plans or as directed.

The blocking shall be placed so that pipe and fitting joints shall be
accessible.  Bituminous felt paper shall be placed between the
pipe or fitting and the concrete.

The reaction block on the unused branch of a tee shall be poured
separately from the block across the back of the tee. If they are
poured simultaneously, a rigid partition shall be placed between
the blocks.

Valves 12-in. and larger in size shall be supported on a concrete
pad extending vertically from 12-in. below the bottom of the valve
to the lower quarter point of the hub and laterally from face to face
of hubs and transversely from wall to wall of the trench.

D. Backfill. 

 1. Initial Backfill.

For water lines up to inches 24 in. in diameter, initial backfill
material shall be placed in 2 lifts. The first lift shall be spread
uniformly and simultaneously on each side and under the bottom
quadrant of the pipe to the mid-point or spring line of the pipe.
Placement of the first lift of initial backfill shall be inspected and
approved prior to placement of second lift which shall extend from
the spring line of the pipe to a minimum of 1 ft. above the top of
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the pipe. The second lift shall be evenly spread in a similar 
manner as the first lift. 

For diameters twenty-four inches 24 in. and larger, initial backfill 
material shall be evenly and simultaneously spread alongside, 
under the lower quadrant the pipe and over the pipe in 12 in. lifts 
to a point sufficient to a minimum of 1 ft. above the top of the pipe. 

No material or hand compaction shall be required on an approved 
initial backfill material when the pipe diameter is less than 36 in. 
Initial backfill shall be mechanically or hand compacted in all other 
conditions. 

Care shall be taken to see that no earth clods or trench sides are 
allowed to fall or rest against the pipe prior to completion of initial 
backfill. Where all nominal diameters of pipe shall be placed in 
rock cut or where trench walls or conditions are unstable as 
defined in Section 3.A.6, “Unstable Conditions at Grade”, well 
graded gravels shall be used for initial backfill conforming to the 
gradation requirements contained in Section  2.Q.1, paragraph a. 
No mechanical or hand compaction shall be required on well 
graded gravels. Existing materials shall be compacted by flooding. 

2. Secondary Backfill.

Secondary backfill materials for all types and sizes of pipe are to
conform to the requirements contained in Section 2.Q.2,
“Secondary Backfill for Water Mains”.

The Contractor shall be required to place and compact secondary
backfill materials in all trenches in accordance with the
requirements of Item 400, “Excavation and Backfill for Structures”,
except for measurement and payment.

The backfill and clean-up of trenches shall be as directed, shall
begin immediately upon the completion of the hydrostatic test and
shall continue until a final and complete clean-up is obtained. Any
portion of the trench which is left open in excess of that required to
facilitate hydrostatic testing may be ordered closed.

Surplus excavated materials shall be used in the embankment or
disposed of as directed.

 3. Sand Backfilling of Cross Trenches and Open Holes.

Blow-offs, tie-ins, air release valves, and service lines, meter
boxes, or other specials shall be backfilled with sand and
thoroughly consolidated by saturating with water, unless otherwise
directed. The use of mechanical tamping equipment for
compaction of backfill will not be permitted at such locations.
Disposal of surplus excavated material and placement of sand
shall be considered subsidiary to trenching and backfilling and will
not be paid for directly.
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 4. Trench Backfill Across Traffic Arteries.

Any trench in or across traffic arteries shall be backfilled
immediately after the pipe is installed unless the Engineer
determines unusual conditions exist that render immediate
backfilling unfeasible.

 5. Flowable Backfill.

Instead of normal backfill materials, the Contractor shall backfill
the trench with flowable backfill with fly ash material at the
locations shown on the plans and/or at locations directed. The
flowable backfill material and operation shall be in accordance
with Item 401, “Flowable Backfill”.

6. Bedding and Initial Backfill Requirements.

See Table 6A below for bedding and initial backfill requirements.
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E. Flushing and Testing Mains. 

 1. Flushing.

Immediately upon completion of pipelaying, the Contractor shall
flush all mains scheduled to be disinfected. This flushing shall be
at the direction of the Engineer and shall consist of completely
filling sections of main between valves and then displacing such
initial volumes of water by introducing clear water from existing
facilities into and through the main to the point of discharge from
the main being flushed. The flow-through shall continue until the
Engineer determines all dust, debris, or foreign matter that may
have entered during pipe laying operations has been flushed out.
The new line shall then be left under system pressure for testing.

To avoid damage to pavement and inconvenience to the public,
fire hoses shall be used to direct flushing water from the main into
suitable drainage channels or storm sewers.

 2. Operation of Valves.

No valve in the distribution system shall be operated by without
prior permission. Notify the Engineer when a valve shall be
operated and shall only operate the valve in the presence of the
Engineer’s representative.

 3. Hydrostatic Tests.

All new mains shall be hydrostatically field tested at a maximum
test pressure of 150 psi before acceptance.

All joints which are found to leak either by observation or during
any test shall be made watertight. In case repairs are required, the
hydrostatic field test shall be repeated until the pipe installation
conforms to the specified requirements and is acceptable.
Payment for tests which meet specified requirements shall be
made in accordance with the unit price for the hydrostatic
pressure test. No payment shall be made for tests which fail to
meet specified test leakage requirements.

After the new main has been laid and backfilled as specified, but
prior to chlorination and replacement of pavement, it shall be filled
with water for a minimum of 24 hours and then subjected to a
hydrostatic pressure test. The specified test pressure shall be
supplied by means of a pump connected to the main in a
satisfactory manner. The pump, pipe connection, and all
necessary apparatus including gauges and meters shall be
furnished by the Contractor. Unless otherwise specified, the
Engineer will furnish water for filling lines and making tests
through existing mains.
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Before applying the specified test pressure, all air shall be 
expelled from the main.  To accomplish this, taps shall be made, if 
necessary, at the points of highest elevation and afterwards tightly 
plugged. At intervals during the test, the entire route of the new 
main shall be inspected to locate any leaks or breaks. If any are 
found, they shall be stopped or repaired. The test is repeated until 
satisfactory results are obtained. 

The hydrostatic test shall be made so that the maximum pressure 
at the lowest point does not exceed the specified test pressure. 
The duration of each pressure test shall be a minimum of 4 hours 
for new mains in excess of 1,000-ft. after the main has been 
brought up to test pressure. The test pressure shall be measured 
by means of a tested and properly calibrated pressure gauge 
acceptable to the Engineer. All pressure tests shall be continued 
until the Engineer is satisfied that the new main meets the 
requirements of these specifications. If any test discloses leakage 
greater than listed in Table 7A or 7B, Hydrostatic Test Leakage 
Allowances, the Contractor shall, at his expense, locate and repair 
the defective joints until the leakage is within the specified 
allowance. Leakage is defined as the quantity of water supplied 
into the newly laid main, or any valved section of it, necessary to 
maintain the specified leakage test pressure after the main has 
been filled with water and the air expelled. Notify the Engineer 
prior to beginning the test, and the ’Inspector shall be present 
during the pressure test. 

HDPE pipe and PVC pipe leakage allowances shall conform to DI 
leakage allowances listed on Table 7A, Hydrostatic Test Leakage 
Allowances. 
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Table 7A 
Hydrostatic Test Leakage Allowances (Maximum) @ 150 psi 

Nom 
Dia-Ty 

Allowable Leakage in Gallons Per Hour (GPH) ** 
Pipe Length in Feet 

Pipe 100 200 300 400 500 600 700 800 900 1000 

6”DI* 0.11 0.22 0.33 0.44 0.55 0.66 0.77 0.88 0.99 1.10 

8”DI* 0.15 0.29 0.44 0.59 0.74 0.88 1.03 1.18 1.32 1.47 

12”AC 0.28 0.57 0.85 1.13 1.42 1.70 1.98 2.26 2.55 2.83 
12”DI* 0.22 0.44 0.66 0.88 1.10 1.32 1.54 1.76 1.98 2.20 

16”DI* 0.29 0.59 0.88 1.18 1.47 1.76 2.06 2.35 2.65 2.94 

20”DI* 0.39 0.74 1.10 1.47 1.84 2.21 2.55 2.94 3.31 3.68 
20”CS

C 
0.08 0.16 0.24 0.32 0.40 0.47 0.55 0.63 0.71 0.79 

24”DI* 0.44 0.88 1.32 1.76 2.21 2.65 3.09 3.53 3.97 4.41 
24”CS

C 
0.10 0.19 0.29 0.38 0.48 0.57 0.67 0.76 0.86 0.95 

30”DI* 0.55 1.10 1.66 2.21 2.76 3.31 3.86 4.42 4.97 5.52 
30”CS

C 
0.12 0.24 0.35 0.47 0.59 0.71 0.83 0.94 1.06 1.18 

36”DI* 0.66 1.32 1.99 2.65 3.31 3.97 4.63 5.30 5.96 6.62 
36”CS

C 
0.14 0.28 0.43 0.57 0.71 0.85 0.99 1.14 1.28 1.42 

42”DI* 0.77 1.54 2.32 3.09 3.86 4.63 5.40 6.18 6.95 7.72 
42”CS

C 
0.17 0.33 0.50 0.66 0.83 1.00 1.16 1.33 1.49 1.66 

48”DI* 0.88 1.77 2.65 3.53 4.42 5.30 6.18 7.06 7.95 8.83 
48”CS

C 
0.19 0.38 0.57 0.76 0.95 1.13 1.32 1.51 1.70 1.89 

54”CS
C 

0.21 0.42 0.63 0.84 1.05 1.26 1.47 1.68 1.89 2.10 

60”CS
C 

0.24 0.48 0.72 0.96 1.20 1.44 1.68 1.92 2.16 2.40 

 DI Pipe includes mechanical and push-on joints.
** GPH for CSC Pipe are manufacturer’s maximum. 
Note:  Leakage allowances may be determined for footages not 
specifically listed by interpolation and/or by the combination of various 
tabular data. 
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Table 7B 
Hydrostatic Test Leakage Allowances (Maximum) @ 200 psi 

Nom Allowable Leakage in Gallons Per Hour (GPH) ** 
Dia-Ty Pipe Length in Feet 
Pipe 100 200 400 600 800 1000 2000 3000 4000 5000 

6”DI* 0.13 0.25 0.51 0.76 1.02 1.27 2.54 3.81 5.08 6.35 

8”DI* 0.17 0.34 0.68 1.02 1.36 1.70 3.40 5.10 6.80 8.50 

12”DI* 0.26 0.51 1.02 1.53 2.04 2.55 5.10 7.65 10.20 12.75 

16”DI* 0.34 0.68 1.36 2.04 2.72 3.40 6.80 10.20 13.60 17.00 

20”DI* 0.43 0.85 1.70 2.55 3.40 4.25 8.50 12.75 17.00 21.25 
20”CS
C 

0.08 0.16 0.32 0.47 0.63 0.79 1.58 2.37 3.16 3.95 

24”DI* 0.51 1.02 2.04 3.06 4.08 5.10 10.20 15.30 20.40 25.50 
24”CS
C 

0.10 0.19 0.38 0.57 0.76 0.95 1.90 2.85 3.80 4.75 

30”DI* 0.64 1.27 2.55 3.82 5.10 6.37 12.74 19.11 25.48 31.85 
30”CS
C 

0.12 0.24 0.47 0.71 0.94 1.18 2.36 3.54 4.72 5.90 

36”DI* 0.76 1.53 3.06 4.58 6.11 7.64 15.28 22.92 30.56 38.20 
36”CS
C 

0.14 0.28 0.57 0.85 1.14 1.42 2.84 4.26 5.68 7.10 

42”DI* 0.89 1.78 3.57 5.35 7.14 8.92 17.84 26.76 35.68 44.60 
42”CS
C 

0.17 0.33 0.66 1.00 1.33 1.66 3.32 4.98 6.64 8.30 

48”DI* 1.02 2.04 4.08 6.11 8.15 10.19 20.38 30.57 40.76 50.95 
48”CS
C 

0.19 0.38 0.76 1.13 1.51 1.89 3.78 5.67 7.56 9.4 

54”CS
C 

0.21 0.42 0.84 1.26 1.68 2.10 4.20 6.30 8.40 10.50 

60”CS
C 

0.23 0.46 0.92 1.38 1.84 2.30 4.60 6.90 9.20 11.50 

 DI Pipe includes mechanical and push-on joints.
** GPH for CSC Pipe are manufacturer’s maximum. 
Note:  Leakage allowances may be determined for footages not 
specifically listed by interpolation and/or by the combination of various 
tabular data.   
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F. Disinfection of New Mains Utilizing Machine Chlorination. 

 1. Machine Chlorination.

After the new mains have successfully passed the pressure test
specified in Section 3.E.3, “Hydrostatic Tests”, the Contractor will
disinfect those mains shown on the plans or otherwise indicated
as “Machine Chlorination”. This disinfection shall include
chlorination, flushing, and placing the mains in service.

 2. Operation of Valves.

During and after the disinfection of mains, the Contractor shall be
notified by the Engineer sufficiently in advance to enable the
Contractor to have a competent representative present whenever
valves shall be operated that will affect the pressure in any part of
the work for which the Contractor is responsible.

 3. Contractor’s Personnel and Equipment.

The Contractor shall supply labor and equipment necessary to
make all excavations required for chlorination, equipment
connections, subsequent flushing, and placing the mains in
service.

 4. Safeguarding and Backfilling Open Holes.

The Contractor shall be responsible for safeguarding any open
holes excavated or left open for flushing and disinfection
purposes. Following completion of disinfection, backfill such holes
in accordance with appropriate provisions of Subarticle 3.D,
“Backfill”.

G. Disinfection of Mains Utilizing Dry Calcium Hypochlorite. 

 1. Calcium Hypochlorite (HTH).

Mains shall be disinfected with dry Calcium Hypochlorite (HTH)
where shown on the plans or as directed.

 2. Dosage.

Disinfect the new or replaced mains with Calcium Hypochlorite
(HTH) of 70% available chlorine. Sufficient Calcium Hypochlorite
(HTH) shall be used to obtain a minimum chlorine concentration of
50 ppm.  The following Table 7, Chlorine Dosage, is included for
the convenience of the Contractor:
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Table 8 
Chlorine Dosage 

Diameter of Pipe 
Inches 

Ounces Per Foot 
To Obtain 50 ppm Chlorine 

Dosage 

6 0.0138 
8 0.0233 
10 0.0364 
12 0.0523 
14 0.0708 
16 0.0934 
18 0.1175 
20 0.1455 
24 0.2080 
30 0.3270 
36 0.4690 
42 0.6370 
48 0.8330 
54 1.0575 
60 1.308 

A heaping tablespoon holds approximately 1/2 ounce, and a 
standard measuring cup holds approximately 8 ounces.   

 3. Filling the Main.

Those sections of main to which dry Calcium Hypochlorite (HTH)
has been applied shall be filled slowly to allow for the even
distribution of the disinfecting material. The manipulation of valves
shall be under the supervision of the Engineer's representative in
accordance with Section 3.F.2, “Operation of Valves”.

 4. Holding Time.

The length of time that sections of main disinfected with Calcium
Hypochlorite (HTH) shall be allowed to stand undisturbed will
depend upon the particular job.

When circumstances permit a shutdown with no customers out of
service, the required minimum detention time shall be 24 hours
with a 50 ppm chlorine dosage.

When customers are out of service during a shutdown with no
leakage past valves, the required minimum detention time shall be
3 hours and the chlorine dosage shall be 300 ppm.

When customers are out of service during a shutdown with some
leakage past valves, the required minimum detention time shall be
30 minutes with a 500 ppm chlorine dosage.
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 5. Flushing.

Following the expiration of the specified holding time, the treated
section of main shall be flushed thoroughly by the Contractor in
accordance with the applicable provisions of Subarticle 3.E,
“Flushing and Testing Mains”. Flushing shall continue until no
chlorine remains detectable by taste or odor or until the chlorine
residual is less than 0.3 ppm.

 6. Preventing Reverse Flow.

Valves shall be manipulated so that the strong chlorine solution in
the line being treated shall be flushed out of the main and will not
flow back into the line supplying the water.

 7. Supervision.

All disinfection shall be done under the general supervision of the
Engineer.

 8. Additional Treatment.

If the new main fails to meet minimum public health standards for
bacteriological quality after flushing, further treatment shall be as
directed. If further disinfection is required, chlorination shall be
done in accordance with Subarticle 3.F, “Disinfection of New
Mains Utilizing Machine Chlorination”. In no case, however, is the
new line to be acceptable as complete and satisfactory until the
bacteriological quality of the water taken from the main meets the
Standards of the TCEQ.

 9. Safeguarding and Backfilling Open Holes.

The requirements for safeguarding and backfilling all holes
excavated or left open for chlorinating and sampling shall be as
specified in Section 3.F.4, “Safeguarding and Backfilling Open
Holes”.

H. Service Supply Lines.  

 1. Designation of Service Supply Lines.

A water supply line located between the water main and water
meter, or between the water main and property or right of way line
if un-metered, is designated as a service supply line.

 2. Service Supply Line Installation.

Excavation, backfill, cutting, and replacement of pavement shall
be in accordance with Subarticle 3.A, “Excavation”. The minimum
depth of cover over the top of the service supply lines shall be 36-
in., unless otherwise shown on the plans. The minimum trench
width for service supply lines 2-in. and smaller shall be 8-in. while
the minimum trench width for service supply lines larger than 2-in.
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shall be the nominal pipe diameter plus 16-in. All service supply 
lines shall be embedded in sand in accordance with Section 3.D.3, 
“Sand Backfilling of Cross Trenches, and Open Holes”. Final 
trench backfill and restoration for service supply lines shall be 
completed in accordance with Subarticle 3.D, “Backfill”. For 
service supply lines outside the limits of new street construction, 
said street shall be replaced in accordance with Section 3.A.11, 
“Pavement”.   

 3. Ductile-Iron Lines.

Ductile-iron pipe and cast-iron fittings used for services larger than 
2-in. shall be installed in accordance with the applicable provisions 
for Subarticle 3.B, “Pipe Laying”. 

 4. Copper Service Lines.

¾-in. through 2-in. copper tubing shall be cut squarely by using an 
approved cutting tool and avoiding excessive pressure on the 
cutting  been cut, but before flaring, a reamer shall be used to 
remove the inside rolled lip from the tubing. Flared ends shall be 
expanded by the use of a flaring tool using care to avoid splitting, 
crimping, or overstressing the metal. Pipe adjacent to fittings shall 
be straight for at least 10-in.  Bending of tubing shall be 
accomplished by using an appropriately sized bending tool. If 
kinks, dents, flats, or crimps occur, the damaged section shall be 
cut out and replaced. 

Where a copper service line is being installed in conjunction with 
new main construction which must be disinfected before service 
installation can be completed, the option of installing the 
corporation stop when the new main is installed and coiling the 
required amount of copper tubing in the excavation adjacent to the 
trench may be exercised. The corporation stop shall be closed 
and the coiled copper tubing is then to be packed in sand to 
facilitate recovery for later completion of the service installation. 

 5. Reconnecting Service Lines.

Where the new main to which services shall be reconnected is on 
the same side of the street as the old main, the existing services 
to be transferred are designated “short reconnects” regardless of 
the side of the street to which they extend. Where the new main to 
which services shall be reconnected is on the opposite side of the 
street from the old main, the existing services extending to the 
same side of the street as that on which the new main is located 
are designated “short reconnects”, and those extending to the 
opposite side of the street from that on which the new main is 
located are designated “long reconnects”. Unless specified 
otherwise, existing meter and meter box relocation shall be 
included in the service reconnection. 
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a. Short Reconnects.

Both the old and new water mains at existing service line 
connections shown on the plans shall be exposed, the old 
main for the purpose of gaining access to the existing 
service corporation stop and the new main for the purpose 
of installing the new corporation stop. The new main shall 
be drilled and tapped with an approved tapping machine, a 
new corporation stop installed under pressure and the 
trench extended laterally to expose a sufficient length of 
the existing service line to provide slack to bend it into 
position for tying to the new corporation stop. After suitable 
notification to the customer, the Contractor shall “kill” the 
existing service by closing the corporation stop at the old 
main, cut the existing service at a point opposite the new 
main, attach a flared copper fitting, and connect it to the 
new corporation stop. The Contractor shall then 
immediately open the stop and restore water service to the 
customer. Where it is not possible to obtain sufficient 
length in the existing service to tie directly to the new main, 
at the direction of the Engineer, the Contractor shall splice 
the necessary length of new tubing and tie it to the existing 
service by means of a compression or sweat coupling at a 
point as close as practicable to the new main. Cutting and 
bending of the tubing, introduction of slack to compensate 
soil movement, and completion of the installation shall be 
as shown on the plans. 

b. Long Reconnects.

Completion of long reconnects shall proceed as outlined 
above for short reconnects. 

 6. Relaying Service Lines.

Where the new main to which services shall be re-laid is on the 
same side of the street as the customer's meter, the services to be 
transferred are designated “short relays”. Where the new main to 
which services shall be re-laid is on the opposite side of the street 
from the customer's meter, the services to be transferred are 
designated “long relays”. Unless specified otherwise, existing 
meter and meter box relocation shall be included in the service 
relay. 

a. Short Relays.

The existing or new mains shown on the plans shall be 
exposed opposite the location directed. The existing or 
new main shall be drilled and tapped with an approved 
tapping machine, a new corporation stop installed, and the 
trench extended laterally to the location specified for the 
meter box. The existing meter shall be reset and the meter 
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box and base shall be installed at its designated location 
and perpendicular to the corporation stop in the water 
main. The meter box is not to vary more than 24-in. in any 
direction from its designated location. The service line shall 
be installed with sufficient slack to compensate for soil 
movement. Where the location of the existing meter is not 
changed, the new service line shall be installed with 
sufficient slack to compensate for soil movement. Where 
the location of the existing meter is not changed, the new 
service line shall be extended from the main to the existing 
meter, a new curb stop installed at the end of the service 
line, and connected to the inlet side of the meter. If 
disturbed, the existing meter box shall be reset to correct 
grade. 

b. Long Relays.

Installation of long relays shall proceed as outlined above 
for short relays. 

 7. Meter Boxes.

Where service lines are transferred to new mains in conjunction 
with main replacement work, physical movement of exiting meters 
and meter boxes to new locations may also be required. Unless 
specified otherwise, the Contractor shall move existing meters and 
mete boxes and reconnect and adjust customer’s yard piping as 
part of transferring service lines. A dielectric couplings PVC 
schedule 80 shall be installed within the meter box between the 
meter and customer’s yard piping. 

Round meter boxes and oval meter boxes with round covers shall 
be salvaged and returned to the Owner by the Contractor who 
shall replace the salvaged meter boxes with the new, 
appropriately styled oval meter box with oval cover, or rectangular 
meter box. Unless otherwise specified, the old service line shall be 
abandoned after the existing meter has been reset in the existing 
or new meter box. All concrete and plastic meter boxes shall be 
replaced. 

Where meter boxes are installed in sidewalks or driveways, the 
Contractor shall install a number one meter box (2 pieces) as 
shown in the plans. 

Where mains are extended and new service lines are installed for 
new or initial customer service, all new meters shall be set by the 
Owner. In lieu of the new meter, the Contractor shall furnish and 
install a meter template in accordance with the plans. 

The correct meter and meter box configuration shall have the 
meter set horizontal, approximately 6 in. below the top of meter 
box, so the meter is above the bottom of the meter box and in line 
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with the meter box lid opening. The top of the meter box shall be 
flush with the existing ground surface. All excess soil above the 
meter coupling, meter flange and meter nuts inside the meter box 
shall be removed so that the meter register is clearly visible. The 
Contractor shall exercise special care during excavation at the 
existing meter location in order to minimize the disturbance of the 
customer’s yard piping. However, if the existing meter elevation is 
low, the Contractor shall raise the existing meter to conform to the 
correct configuration indicated herein. Adjustment of meter to 
proper grade is incidental to the construction and will not be paid 
for separately. 

Where required, pressure reducing valves shall be installed by the 
customer in accordance with the Uniform Plumbing Code and 
shall be placed beyond the outlet side of the meter, but not within 
the Owner’s meter box. The pressure reducing valve shall be the 
property of the water user who shall be responsible for its 
installation, maintenance, and replacement as required. 

The meter box adjustment shall not exceed 10 ft. from the existing 
box. 

I. Installation of the Nonmetallic Pipe Detection System. 

The nonmetallic pipe detection system shall be installed concurrently with 
the proposed pipe placement. This installation shall be as specified by the 
manufacturer or as approved. 

J. Removing and Replacing Chain-Link and/or Wire Fence. Existing chain 
link or wire fences required to be removed solely for sewer installation 
shall be replaced as part of the sewer work to a condition comparable to 
that at removal. The existing fence materials may be reused if they are 
not damaged during removal. Any removal or damage to existing fences 
outside the limits shown in the plans or not approved in advance will not 
be measured for payment but shall be restored at the Contractor's 
expense. 

4. Measurement.

A. Pipe Water Main.  Water main shall be measured by the foot as follows: 
From the centerline intersection of runs and branches of tees to the end 
of the valve of a dead-end run. 

B. Branches.  Branches shall be measured between the centerline 
intersections of runs and branches of tees and where the branch is 
plugged for future connection, the measurement will include the entire 
laying length of the branch or branches of the fitting. 

The measurement of each line of pipe of each size shall be continuous 
and shall include the full laying lengths of all fittings and valves installed 
between the ends of such line except that the laying lengths of reducers 
shall be divided equally between the connected pipe sizes.  Lines leading 
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to a tapping connection with an existing main shall be measured to the 
center of the main tapped. 

C. Jacking, Boring, or Tunneling Pipe.  Jacking, Boring, or Tunneling shall 
be measured by the foot of bore or tunnel as measured from face to face 
of jacking pits. 

Carrier pipe used in bores and tunnels or jacked into place shall be 
measured by the foot of pipe installed from end to end of pipe in the limits 
shown on the plans. 

Casing, where required by the plans, of the size and material required 
shall be measured by the foot actually installed in accordance with the 
plans. 

D. Butterfly Valve and Box.  Butterfly Valve and Box shall be measured as 
each assembly of the various sizes installed. 

E. Gate Valve and Box.  Gate Valve and Valve Box shall be measured as 
each assembly of the various sizes installed. 

F. Tapping Sleeve, Valve and Box.  Tapping Sleeve, Valve, and Box shall 
be measured as each assembly of the various sizes installed. 

G. Cut-in Valve.  Cut-in Valve shall be measured as each assembly of the 
various types and sizes cut-in to the existing water main. 

H. Cut-in Tee.  Cut-in Tee shall be measured as each assembly of the 
various sizes of cast-iron tees cut-in to the existing water main. 

I. Adjust Existing Valve Box.  Adjust Existing Valve Box shall be measured 
as each assembly adjusted to correspond to finish grade. 

J. Concrete encasement, cradles, saddles, and collars. Concrete 
encasement, cradles, saddles, and collars for pipe shall be measured by 
the cubic yard as dimensioned on the plans or as directed. Reinforcing if 
required, shall not be measured for payment. 

K. Fire Hydrant.  Standard Fire Hydrant with 6-in. Valve and Box shall be 
measured as each fire hydrant installed. Also included shall be sufficient 
pipe, valve and fittings, exclusive of the tee in the main line, to install the 
branch line. 

L. Fire Hydrant w/ Tapping Sleeve.  Standard Fire Hydrant with Tapping 
Sleeve, 6-in. Valve and Box shall be measured as each fire hydrant 
including the various sizes of tapping sleeves, pipe valves and boxes 
installed. 

M. Relocate Fire Hydrant.  Relocate Fire Hydrant shall be measured as each 
fire hydrant relocated. 

N. Permanent Blow-off.  Permanent Blow-off shall be measured as each 
assembly of the various sizes installed. 
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O. Temporary Blow-off.  Temporary Blow-off shall be measured as each 
assembly of the various sizes installed.  

P. Automatic Air Release Valve.  Automatic Air Release Valve shall be 
measured as each assembly of the size installed. 

Q. Relocate Existing Air Release Valve and Meter Boxes.  Relocate Existing 
Air Release Valve and Meter Boxes shall be measured as each assembly 
relocated and reconnected. 

R. Cast-Iron Fittings.  Cast-Iron Fittings and Ductile-Iron Fittings shall be 
measured by the weight to the nearest one-hundredth of a ton of the 
various sizes installed. 

S. Trench Excavation Protection.  Trench Excavation Protection shall be 
measured by the foot along the centerline of trench where the depth of 
trench exceeds 5-ft. 

T. Tie-in.  Tie-In shall be measured as each of the various sizes and types 
completed. 

U. Split Casing.  Split Casing shall be measured by the foot of the various 
sizes of split casing installed. 

V. New Short Service.  New Short Service shall be measured as each of the 
various sizes and types of new service lines installed. 

W. New Long Service.  New Long Service shall be measured as each of the 
various sizes and types of new service lines installed. 

X. New Un-metered Short Service.  New Un-metered Short Service shall be 
measured as each of the various sizes and types of new un-metered 
service line installed. 

Y. New Un-metered Long Service.  New Un-metered Long Service will be 
measured by the unit of various type and sizes of each new un-metered 
service line installed. 

Z. Reconnect Short Service.  Reconnect Short Service shall be measured 
as each of the various sizes of service lines reconnected. 

AA.  Reconnect Long Service.  Reconnect Long Service shall be measured as 
each of the various sizes of service lines reconnected. 

BB. Relay Short Service.  Relay Short Service shall be measured as each of 
the various sizes of service lines re-laid. 

CC. Relay Long Service.  Relay Long Service shall be measured as each of 
the various sizes of service lines re-laid. 

DD. Relay Short Fire Line Service.  Relay Short Fire Line Service shall be 
measured as each of the various sizes and types of fire lines re-laid. 
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EE. Relay Long Fire Line Service.  Relay Long Fire Line Service shall be 
measured as each of the various sizes and types of fire lines re-laid. 

FF. Adjust Short Fire Line Service.  Adjust Short Fire Line Service shall be 
measured as each of the various sizes and types of fire lines adjusted. 

GG. Adjust Long Fire Line Service.  Adjust Long Fire Line Service shall be 
measured as each of the various sizes and types of fire lines adjusted. 

HH. Relocate Short Service.  Relocate Short Service shall be measured as 
each of the various sizes of service lines relocated. 

II. Relocate Long Service.  Relocate Long Service shall be measured as
each of the various sizes of service lines relocated.

JJ. Existing Meter and Meter Box Relocation.  Existing Meter and Existing 
Meter Box relocation shall be measured as each assembly relocated and 
customer's service reconnected. 

KK. Existing Meter and New Meter Box Relocation.  Existing Meter and New 
Meter Box relocation shall be measured as each assembly relocated and 
customer's service reconnected. 

LL. Cut and Replace Concrete Sidewalk, Driveway, etc.  For concrete curbs, 
sidewalks, driveways, islands and medians required to be removed and 
replaced due to placement of water lines, removal of the existing concrete 
shall be measured in accordance with Item 104, “Removing Concrete”, in 
accordance with the plans and with Item 529, “Concrete Curb, Gutter and 
Combined Curb and Gutter”, Item 530, “Intersections, Driveways and 
Turnouts”, Item 531, “Sidewalks”, and Item 536, “Concrete Medians and 
Directional Islands”. Replacement shall be measured by the foot or by the 
square yard as dimensioned and detailed on the plans.. 

MM. Cut and Replace Pavement.  The work to be done in the cutting and 
restoring of pavement shall be measured by the square yard in 
accordance in accordance with Item 400, “Cut and Restore Pavement”, 
with the dimensions and details shown on the plans. 

NN. Hydrostatic Pressure Test.  Hydrostatic Pressure Test shall be measured 
as each successful test conducted. 

OO. Machine Chlorination.  Machine Chlorination shall be considered 
subsidiary to the work and no separate measurement shall be made by 
the Contractor for this work. 

PP. Concrete Cap.  Concrete Cap shall be measured by the cubic yard of 
concrete cap placed, but not to exceed the minimum trench width as 
specified in Section 3.A.2, “Width of Trench”. 

QQ. Excavation.  Excavation will not be measured for payment, but 
considered subsidiary to the pipe installation. 
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RR.  Select Backfill.  Select Backfill will measured by the cubic yard of 
selected material placed as backfill, but not to exceed the minimum 
trench width as specified in Section 3.A.2, “Width of Trench”. 

SS.  Relocate Customer’s Yard Piping.  Relocate Customer's Yard Piping 
shall be measured by the foot of the various sizes and types of 
customer's yard piping relocated. 

TT. Flowable Backfill.  Flowable Backfill shall be measured by the cubic yard 
in accordance with Item 401, “Flowable Backfill”. 

UU. Installation of Nonmetallic Pipe Detection System.  Installation of the 
Nonmetallic Pipe Detection System will not be measured for payment, but 
shall be considered subsidiary to the pipe installation. 

VV. Removing and Replacing Chain-Link and/or Wire Fence.  Removing and
Replacing Chain-Link and/or Wire Fence shall be measured by the foot of
fence removed and replaced, regardless of the type or height of the
fence, complete in place. The existing fence materials may be reused
unless, the existing materials were damaged during removal, and the
Contractor shall provide new material for the replacement work at his
expense.

WW. Traffic Control. Traffic Control operations shall be measured in 
accordance with Item 502, “Barricades, Signs and Traffic Handling”. 

5. Payment.

The work performed and materials furnished in accordance with this Item and
measured as provided under “Measurement” shall be paid for at the unit prices
bid for the items of work hereinafter described. These prices shall be full
compensation for furnishing and hauling all materials; for placing or installing the
materials; for inspection and testing; and for all other items of material, labor,
equipment, tools and incidentals necessary to complete the work in accordance
with the plans and specifications.

A. Pipe Water Main.  Payment for “Pipe Water Main (DI)”, “Pipe Water Main 
(CSC)”, “Pipe Water Main (PVC)”, “Pipe Water Main (Steel)”, and “Pipe 
Water Main (Recycle) (HDPE)” shall be made at the unit price bid of the 
various sizes installed by the open cut method. This payment is also to 
include selected bedding, excavation, backfill materials, and polyethylene 
sleeve. 

B. Jacking, Boring or Tunneling Casing.  Payment shall be at the unit price 
bid for “Pipe Water Main (Jacked, Bored or Tunneled)” of the size and 
type specified. This price shall be full compensation for all materials 
(except carrier pipe or casing), labor, equipment, tools, testing and all 
incidentals necessary to complete the work. 

Payment shall be made at the unit price bid for “Pipe Water Main (Jacked, 
Bored or Tunneled) (Carrier Pipe)”, “Pipe Water Main (Recycle) (Jacked, 
Bored or Tunneled) (Carrier Pipe)”, and “Pipe Water Main (Recycle) 
(Open Cut) (Carrier Pipe)” of the size and type specified. 
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Payment shall be made at the unit price bid for “Pipe Water Main (Jacked, 
Bored or Tunneled) (Casing)”or “Pipe Water Main (Open Cut) (Casing)”of 
the size and type specified. 

C. Valves.  Payment for “Butterfly Valve and Box (Complete)”, “Gate Valve 
and Box (Complete)” and “Tapping Sleeve, Valve and Box (Complete)” 
shall be made at the unit price bid of the various sizes installed. This 
payment is also to include selected embedment material, anti-corrosion 
embedment when specified, concrete collar at the valve box where 
subjected to vehicular traffic, riser pipe, cast-iron boot, packing, tarpaper, 
concrete grout, concrete reaction blocking, asphaltic material for bolts, 
nuts and ferrous surfaces, polyethylene sleeve where required. For 
butterfly valves only, such payment is also to include mechanical or 
transition couplings, and coated and wrapped steel pipe nipples required 
to complete the connection. 

D. Cut-in Valve.  Payment for “Cut-in Valve (Complete)” shall be made at the 
unit price bid of the various sizes installed. This payment shall include 
backfill, installation of valve, valve box assembly, all pipe cut and used to 
complete cut-in, reaction blocking, and polyethylene sleeve where 
required. 

E. Cut-in Tee.  Payment for “Cut-in Tee (Complete)” shall be made at the 
unit price bid of the various sizes of cast iron tees cut-in to ductile and 
cast iron mains. This payment is also to include selected embedment 
material, anti-corrosion embedment when specified, backfill, pipe, fittings, 
polyethylene sleeve when required, concrete reaction blocking, and site 
restoration. 

F. Adjust Existing Valve Box.  Payment for “Adjust Existing Valve Box” shall 
be made at the unit price bid for each valve box adjusted to finish grade. 

G. Concrete Encasement, Cradles, Saddles and Collars.  Payment shall be 
made at the unit price bid for “Concrete Encasement, Concrete Cradles, 
Concrete Saddles and Concrete Collars”. 

H. Fire Hydrant.  Payment for “Fire Hydrant with 6-in Valve and Box”, “Fire 
Hydrant with Tapping Sleeve, 6-in. Valve and Box” and “Relocate Fire 
Hydrant” shall be made at the unit price bid. These payments are to 
include backfill, selected material, anti-corrosion embedment when 
specified, branch line pipe, fittings exclusive of the tee from the main line 
pipe, polyethylene sleeve where required, asphaltic material for ferrous 
surfaces, concrete reaction blocking, restoration of existing fire hydrant 
sites and installing a new fire hydrant as directed. 

I. Blow-off.  Payment for “Permanent Blow-off (Complete)” and “Temporary 
Blow-off (Complete)” shall be made at the unit price bid. Payment for the 
eccentric reducer shall be made at the unit price bid for each ton of 
fittings of all types and sizes installed. Payment for the pipe nipple with 
reaction stop ring shall be made at the unit price bid for foot of DI pipe of 
the various sizes installed by the open cut method. These payments are 
also to include concrete reaction blocking and approved selected backfill. 
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J. Automatic Air Release Valve.  Payment for “Automatic Air Release Valve 
(Complete)” shall be made at the unit price bid of the various sizes 
installed in accordance with the details shown on the plans. This payment 
is also to include selected embedment material, anti-corrosion 
embedment when specified, blocking and various sizes and types of 
meter boxes. 

K. Relocate Existing Air Release Valve and Meter Boxes.  Payment for 
“Relocate Existing Air Release Valve and Meter Boxes” shall be made at 
the unit price bid.  This payment is also to include backfill, removal and 
replacement of copper tubing with tubing of the various sizes and types 
and in the quantities necessary to complete the connection between the 
relocated air release valve and the existing point of connection to the 
respective water main. 

L. Cast-Iron and Ductile-Iron Fittings.  Payment for “Cast-Iron Fittings” and 
“Ductile-Iron Fittings” shall be made at the unit price bid of all sizes and 
types installed and shall be based upon the weights of fittings shown in 
Table 9, “Weights of Ductile-Iron and Gray Cast-Iron Fittings”. 

M. Trench Excavation Protection.  Payment for “Trench Excavation 
Protection” shall be made on the basis of the unit price bid for “Trench 
Excavation Protection”. Payment shall include all components of the 
trench protection system which can include, but not limited to sloping, 
sheeting, trench boxes or trench shields, sheet piling, cribbing, bracing, 
shoring, dewatering or diversion of water to provide adequate drainage. 
Payment is also to include the additional excavation and backfill required, 
any jacking, jack removal and removal of the trench support after 
completion and be full compensation for all other labor, materials, tools, 
equipment and incidentals necessary to complete the work. 

N. Tie-In. Payment for “Tie-In (Complete)” shall be made at the unit price bid 
of the various sizes and types. This payment shall include shutdown and 
isolation of the existing main to which the tie shall be made, cutting pipe 
for connection, de-watering the excavation, and customer notification of 
service interruption where required. 

O. Split Casing. Payment for “Split Casing” shall be made at the unit price 
bid of the various sizes of split casing . This payment shall include 
selected embedment material, anti-corrosion embedment when specified, 
backfill, cleaning the existing pipe prior to its encasement in split conduit, 
cutting the reinforced concrete pipe, cast-in place concrete cradles as 
well as stabilizing beams for the split conduit. 

P. New Short and Long Service.  Payment for “New Short Service” and 
“New Long Service” shall be made at the unit price bid of the various 
sizes and types. This payment shall include sand backfill, a new meter 
box where required, copper tubing or ductile iron pipe (4-in. and larger), 
valve and valve box assembly, and fittings of the various sizes used in the 
installation of new service lines. 
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Q. New Un-metered Short and Long Service.  Payment for “New Un-metered 
Short Service” and “New Un-metered Long Service” shall be made at the 
unit price bid for of the various sizes and types.  This payment shall 
include sand backfill, a new meter box where required, copper tubing or 
ductile iron pipe (4-in. and larger), valve and valve box assembly, and 
fittings of various sizes used in the installation of new service lines. 

R. Reconnect Short and Long Service.  Payment for “Reconnect Short 
Service” and “Reconnect Long Service” shall be made at the unit price bid 
of the various sizes and types. This payment shall include sand backfill, 
meter box relocation where required, copper tubing or ductile iron pipe (4-
in. and larger), valve and valve box assembly, and fittings of the various 
sizes used in the service line reconnection. 

S. Relay Short and Long Service.  Payment for “Relay Short Service” and 
“Relay Long Service” shall be made at the unit price bid of the various 
sizes and types. This payment shall include sand backfill, meter box 
relocation where required, copper tubing or ductile iron pipe (4-in. and 
larger), valve and valve box assembly, and fittings of the various sizes 
used in the service line relay. 

T. Relay Short and Long Fire Line Service.  Payment for “Relay Short Fire 
Line Service” and “Relay Long Fire Line Service” shall be made at the 
unit price bid for of the various sizes and types.  This payment shall 
include approved selected bedding and backfill, pipe, valve, valve box 
assembly, detector check vault relocation where required, and fittings 
used in the fire line relay. 

U. Adjust Short and Long Fire Line Service.  Payment for “Adjust Short Fire 
Line Service” and “Adjust Long Fire Line Service” shall be made at the 
unit price bid for of the various sizes and types. This payment shall 
include approved selected bedding and backfill, detector check vault 
relocation where required, pipe and fittings used in the fire line 
adjustment. 

V. Relocate Short and Long Service.  Payment for “Relocate Short Service” 
and “Relocate Long Service” shall be made at the unit price bid of the 
various sizes. This payment shall include sand backfill, meter box 
relocation where required, copper tubing or ductile iron pipe (4-in. and 
larger) when required, valve and valve box assembly when required, and 
fittings of the various sizes used in the service line relocation. 

W. Existing Meter and Existing Meter Box Relocation.  Payment for “Existing 
Meter and Existing Meter Box Relocation” shall be made at the unit price 
bid. This payment is also to include sand backfill, removal and 
replacement of yard piping with piping of the various sizes and types and 
in the quantities necessary to complete the connection between the 
relocated existing meter and existing meter box, and the existing yard 
piping. 

X. Existing Meter and New Meter Box Relocation.  Payment for “ Existing 
Meter and New Meter Box Relocation” shall be made at the unit price bid. 
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This payment is also to include sand backfill, removal and replacement of 
yard piping with piping of the various sizes and types and in the quantities 
necessary to complete the connection between the relocated existing 
meter and new meter box, and the existing yard piping. 

Y. Cut and Replace Concrete Sidewalk, Driveway, etc.  Payment for 
replacement of curbs, driveways, sidewalks, islands and medians shall be 
made at the unit price bid for Item 104, “Removing Concrete”, Item 529, 
“Concrete Curb, Gutter and Combined Curb and Gutter”, Item 530, 
“Intersections, Driveways and Turnouts”, Item 531, “Sidewalks”, and Item 
536, “Concrete Medians and Directional Islands”. 

Z. Cut and Replace Asphaltic Pavement.  Payment shall be made at the unit 
price bid for Item 400, “Cut and Restore Pavement”. 

AA. Hydrostatic Pressure Test.  Payment for “Hydrostatic Pressure Test” shall 
be made at the unit price bid. 

BB. Machine Chlorination.  Payment for “Machine Chlorination” shall be 
considered subsidiary to the work and no separate payment shall be 
made to the Contractor for this work. The Contractor is required to 
provide all appurtenances to the pipe to allow for machine chlorination at 
no additional cost or separate pay item. 

CC. Concrete Cap. Payment for “Concrete Cap”, of the depth specified, shall 
be made at the unit price bid for cubic yard of concrete cap placed, but 
not to exceed the minimum trench width specified in Section 3.A.2, “Width 
of Trench”. 

DD. Select Backfill.  Payment for “Select Backfill”, of the type specified, shall 
be made at the unit price bid for each cubic yard, but not to exceed the 
minimum trench width specified in Section 3.A.2, “Width of Trench”. 

EE. Relocate Customer’s Yard Piping.  Payment for “Relocating Customer's 
Yard Piping” shall be made at the unit price bid. This payment is also to 
include approved backfill material, removal and replacement of 
customer's lawn turf and whatever other surface vegetation and surface 
structure encountered, copper tubing and/or ductile-iron pipe, fittings of 
whatever sizes necessary to complete the tie at the customer's point of 
connection. 

FF. Flowable Backfill.  Payment for “Flowable Backfill” shall be made at the 
unit price bid for Item 401, “Flowable Backfill”. 

GG. Removing and Replacing Chain-Link and/or Wire Fence.  Payment for 
“Removing and Replacing Chain-Link and/or Wire Fence” 

HH. Traffic Control. 

Traffic Control operations shall be paid in accordance with Item 502, 
“Barricades, Signs and Traffic Handling”. 
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No direct payment shall be made for concrete blocking of water mains; 
coating and wrapping pipe joints; trench excavation below specified limits; 
excavation and removal of unsuitable material at bottom of trench grade 
and restoration with approved material; supporting pipe or conduits of 
public utilities; abandonment of water mains and valves; resetting existing 
meters and meter boxes in proper configuration; salvaging fire hydrants, 
valve boxes and meter boxes; flushing water mains; and disinfection of 
water mains utilizing Calcium Hypochlorite. This work is subsidiary to the 
various bid items. 

No direct payment shall be made for furnishing and installing the 
nonmetallic pipe detection system. This work and materials shall be 
considered subsidiary to the various pay items. In addition, the Contractor 
shall ensure that the detection system is complete and operational to the 
satisfaction of the Engineer. 

No direct payment shall be made for furnishing and installing the pipe 
joint restraint system.  This work and materials shall be considered 
subsidiary to the various bid items. 

No direct payment shall be made for furnishing and installing the Joint 
Restraint System for PVC C-905. This work and materials shall be 
considered subsidiary to the various pay items. 
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Table 9 
Weights of Ductile-Iron Fittings 

Mechanical Bends 

Size Weight - Lb 

In 
MJ 

Compact MJ MJ x PE 
FLG 

Short Body 
1/4 Bend (90 Deg) 

2 - 22 - - 
3 36 49 42 25 
4 50 75 60 45 
6 80 117 96 65 
8 124 175 145 105 
10 158 250 220 165 
12 212 335 295 235 
16 - 600 525 370 
20 - 960 840 580 
24 - 1425 1280 900 

1/8 Bend (45 Deg) 
2 - 22 - - 
3 34 44 37 20 
4 48 70 55 40 
6 76 107 86 55 
8 117 160 130 90 
10 149 215 185 130 
12 198 295 255 195 
16 - 490 415 280 
20 - 765 650 430 
24 - 1075 930 630 

1/16 Bend (22 1/2 Deg) 
2 - 22 - - 
3 33 44 37 20 
4 46 70 55 40 
6 73 107 86 55 
8 118 160 130 90 
10 135 220 190 130 
12 177 300 260 195 
16 - 495 420 280 
20 - 775 660 430 
24 - 1090 945 630 

1/32 Bend (11 1/4 Deg) 
2 - 22 - - 
3 33 44 37 20 
4 46 70 55 40 
6 73 107 86 55 
8 118 160 130 90 
10 135 220 190 130 
12 177 300 260 195 
16 - 495 420 280 
20 - 780 660 430 
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24 - 1095 950 630 

Note:  The weights of all mechanical joint fittings include the weights  of glands, 
bolts and gaskets required. 

Table 9 Cont'd 
Weights of Ductile-Iron Fittings 

Mechanical Offsets 

Size Weight - Lb 
In MJ MJ x PE 

3 x  6 64 57 
3 x 12 74 67 
3 x 18 89 82 

4 x  6 95 80 
4 x 12 105 90 
4 x 18 125 110 
4 x 24 180 135 

6 x  6 142 121 
6 x 12 167 146 
6 x 18 197 176 
6 x 24 222 201 

8 x  6 210 180 
8 x 12 250 220 
8 x 18 295 265 
8 x 24 365 335 

10 x  6 280 250 
10 x 12 340 310 
10 x 18 400 370 

12 x  6 400 360 
12 x 12 500 460 
12 x 18 600 560 

16 x  6 645 570 
16 x 12 825 745 
16 x 18 960 885 

20 x  6 840 725 
20 x 12 1025 910 
20 x 18 1210 1095 

24 x  6 1105 960 
24 x 12 1350 1205 
24 x 18 1595 1450 
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Note:  The weights of all mechanical joint fittings include the weights of glands, 
bolts and gaskets required. 

Table 9 Cont'd 
Weights of Ductile-Iron Fittings 

Mechanical,  Flanged Tees 
Size (In) Weight (LB) 

Run Branch 
MJ 

Cmpct MJ 

MJ 
Anchr 
Cmpct 

MJ 
Anchr 

FLG Short 
Body 

2 2 - 37 - - - 
3 3 55 76 - - 40 
4 2 - 90 - - 50 
4 3 65 102 - - 60 
4 4 71 110 - - 60 
4 6 - 151 - - 90 
6 4 93 157 - - 90 
6 6 112 173 130 157 95 
6 8 - 242 - - 140 
8 4 130 225 - - 140 
8 6 148 241 157 225 145 
8 8 172 260 - 235 155 
10 4 157 305 166 - 205 
10 6 175 326 187 310 215 
10 8 230 345 190 320 225 
10 10 219 400 - - 270 
12 4 196 405 - - 290 
12 6 217 421 229 405 295 
12 8 242 445 235 415 310 
12 10 267 500 - - 360 
12 12 298 530 - - 385 
16 4 - 720 - - - 
16 6 - 741 - 725 540 
16 8 - 760 - - 555 
16 10 - 785 - - 565 
16 12 - 810 - - 590 
16 16 - 905 - - 635 
20 6 - 1016 - - 710 
20 8 - 1040 - - 720 
20 10 - 1060 - - 735 
20 12 - 1085 - - 755 
20 18 - 1320 - - 950 
20 20 - 1440 - - 1005 
24 6 - 1371 - - 1000 
24 8 - 1395 - - 1010 
24 10 - 1410 - - 1020 
24 12 - 1435 - - 1040 
24 16 - 1510 - - 1070 
24 20 - 2015 - - 1510 
24 24 - 2130 - - 1585 
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Note:  The weights of all mechanical joint fittings include the weights  of glands, 
bolts and gaskets required. 

TABLE 9 Cont'd 
Weights of Ductile-Iron Fittings 
Mechanical Flanged Crosses 

Size (In) Weight (Lb) 

Run Branch 
MJ 

Compact MJ 

FLG 
Short 
Body 

2 2 47 - 
3 3 65 98 50 
4 2 - 90 60 
4 3 75 124 70 
4 4 85 145 80 
6 4 117 192 110 
6 6 141 224 120 

8 4 158 255 155 
8 6 181 287 165 
8 8 212 335 195 

10 4 178 340 220 
10 6 202 377 240 
10 8 240 420 265 
10 10 262 500 330 

12 4 223 440 310 
12 6 248 472 320 
12 8 275 515 345 
12 10 320 600 415 
12 12 370 655 460 

16 4 - 760 - 
16 6 - 792 565 
16 8 - 835 590 
16 10 - 880 620 
16 12 - 935 665 
16 16 - 1115 755 

20 6 - 1067 735 
20 8 - 1110 755 
20 10 - 1130 780 
20 12 - 1205 820 
20 16 - 1525 1065 
20 20 - 1755 1175 

24 6 - 1422 1025 
24 8 - 1460 1045 
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24 10 - 1500 1065 
24 12 - 1550 1100 
24 16 - 1695 1160 
24 20 - 2345 1695 
24 24 - 2575 1850 

Note:  The weights of all mechanical joint fittings include the weights  of glands, 
bolts and gaskets required.   

Table 9 Cont'd 
Weights of Ductile-Iron Fittings 

Mechanical,Tapped Caps MechanicalTapped Plugs 

Size Weight - Lb Size Weight - Lb 

In 
MJ 

Compact MJ In 
MJ 

Compa
ct 

MJ 

3x2 14 20 3x2 6 21 
4x2 19 30 4x2 8 30 
6x2 30 46 6x2 15 46 
8x2 50 70 8x2 26 75 

10x2 63 85 10x2 38 95 
12x2 84 115 12x2 49 125 
16x2 - 230 16x2 - 205 

Note:  The weights of all mechanical joint fittings include the weights  of glands, 
bolts and gaskets required. 

Weights of Ductile-Iron Fittings 

Mechanical 
Solid Caps 

Mechanical 
Solid Plugs 

Size Weight - Lb Size Weight - Lb 

In 
MJ 

Compa
ct 

MJ In 
MJ 

Compact MJ 

2 - 10 2 - 10 
3 14 20 3 6 21 
4 19 30 4 8 30 
6 30 46 6 15 46 
8 50 70 8 26 75 

10 63 85 10 38 95 
12 84 115 12 49 125 
16 - 230 16 - 205 
20 - 335 20 - 310 
24 - 475 24 - 435 

Note:  The weights of all mechanical joint fittings include the weights  of glands, 
bolts and gaskets required. 
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Weights of Ductile-Iron  Fittings 
Mechanical Joint Eccentric Reducers 

Size - In Weight - Lb 
Large End Small End MJ x THD 

6 2 43 
8 2 61 

Note:  The weights of all mechanical joint fittings include the weights  of glands, 
bolts and gaskets required. 

Table 9 Cont'd 
Table Weights of Ductile-Iron Fittings 

Mechanical, All Bell Concentric Reducers 

Size (In) 
Large  
End 

Small 
End 

MJ 
Compact MJ 

3 2 - 37 
4 2 - 45 
4 3 39 57 
6 3 54 78 
6 4 59 86 
8 3 - 107 
8 4 78 120 
8 6 89 136 

10 4 95 145 
10 6 103 161 
10 8 117 190 
12 4 119 185 
12 6 127 206 
12 8 138 230 
12 10 146 260 
16 6 - 321 
16 8 - 350 
16 10 - 385 
16 12 - 420 

Note:  The weights of all mechanical joint fittings include the weights  of glands, 
bolts and gaskets required. 

Weights of Ductile-Iron Fittings 

Mechanical Joint Transition 
Couplings 

Mechanical Joint Straight Couplings 

Size - In Weight - Lb Size - In Weight - Lb 
2 - 2 9 
3 49 3 15 
4 55 4 25 
6 77 6 38 
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8 115 8 47 
10 145 10 56 
12 190 12 69 
16 395 16 104 
20 560 20 240 
24 730 24 310 

Note:  The weights of all mechanical joint fittings include the weights  of glands, 
bolts and gaskets required. 

TABLE 9 Cont’d 
Weights of Ductile-Iron Fittings 

Size 
In 

MJ 
Short 
Cmpct 

MJ 
Long 

Cmpct 
MJ 

Short 
MJ 

Long In 
MJ 

Cmpct MJ 

2 - - - - 2 - 16 
3 32 38 39 44 3 33 42 
4 43 51 55 65 4 45 55 
6 67 77 77 97 6 69 86 
8 97 112 115 135 8 103 12

0 
10 118 136 145 175 10 131 16

0 
12 151 174 190 225 12 162 20

5 
16 - - 275 335 16 - 34

5 
20 - - 445 550 20 - 50

5 
24 - - 570 715 24 - 66

0 

Note:  The weights of all mechanical joint fittings include the weights  of glands, 
bolts and gaskets required. 

Weights of Ductile-Iron Fittings 

Mechanical Joint Mechanical Joint Anchoring Couplings 
Size - In Size - In 

Nominal Dia 
Weight - Lb 

Length 

2 6 13 70 
4 6 18 85 
6 6 24 100 
8 8 13 130 
12 10 13 170 
16 12 13 220 
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Note:  The weights of all mechanical joint fittings include the weights  of glands, 
bolts and gaskets required. 

TABLE 9 Cont'd 
Weights of Ductile-Iron Fittings 

Mechanical, Flanged, and Plain End Joint Adapters 

Size Weight - Lb 

In RTJxMJ RTJxFL
G 

MJxFLG 
MJxFLG 
Compact MJxPE 

FLGxPE 
Compact FLGxPE 

6 101 65 76 49 81 33 55 
8 155 100 110 71 120 52 85 
10 195 130 145 97 155 69 115 
12 250 175 195 128 205 88 155 
16 375 320 315 - 325 - 240 
20 565 480 450 - 470 - 335 
24 770 665 600 - 620 - 455 

Note:  The weights of all mechanical joint fittings include the weights of 
glands, bolts and gaskets required. 

Weights of Ductile-Iron Fittings 

Blind Flanges 
Size - In Weight - Lb 

Tapped Flanges 
Size - In Weight - Lb 

6 17 20 x 4 240 
8 25 24 x 4 360 

12 55 30 x 4 570 
16 145 36 x 4 870 
20 250 42 x 4 1165 
24 370 48 x 4 1575 
30 580 54 x 4 1993 
36 880 60 x 4 2567 
42 1175 
48 1585 
54 2004 
60 2579 

Note:  The weights of blind and tapped flanges include the weights of nuts, 
bolts and gaskets required. 
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	Domestic Water Main, Recycle Water Main, and Service Lines
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	5. Payment        64 1.  Description.
	2.   Materials.
	A.   Ductile-Iron Pipe and Fittings.
	1.  Ductile-Iron Pipe:  3-in. through 64-in.
	2. Fittings for Ductile-Iron Pipe. Unless otherwise modified or supplemented herein, the latest revision of AWWA Standard C110 for Ductile- Iron Fittings, 3-in. through 48-in. for Water and Other Liquids” and AWWA Standard C153 for Ductile-Iron Compa...

	B.  Concrete Steel Cylinder Pipe and Fittings.  Concrete Steel Cylinder Pipe and Fittings:  20-in. and larger.
	C.  Steel Pipe, Fittings, and Flanges.
	1. Steel Pipe.  The component materials, manufacture and testing of all steel pipe shall conform to AWWA Standard C200 for “Steel Water Pipe 6-in. and Larger”. The specified pipe size is the actual inside diameter of the pipe, special or fitting in i...
	2. Fittings for Steel Pipe.  All steel pipe fittings are to conform to the requirements contained in AWWA C200. The wall thickness is equal to that specified for steel pipe.
	3. Steel Flanges.  Steel pipe flanges, where called for on the plans, are to conform to AWWA 7, “Steel Pipe Flanges” for Class D steel flanges with the same diameter and drilling as Class 125 cast-iron flanges, in accordance with ASA B16.1.
	4. Steel Casing Pipe.  All pipe intended for use as casing pipe shall be of the types and sizes shown on the plans.  The diameter and wall thickness shall conform to those shown on the plans.

	D.  Polyvinyl Chloride Pipe and Fittings.
	1. Polyvinyl Chloride (PVC) Pipe, 2-in.
	2. Fittings for Polyvinyl Chloride Pipe, 2-in.
	3. Polyvinyl Chloride Pipe, 4-in. through 12-in.
	4. Bends and Fittings for PVC Pipe, 4-in. through 12-in.
	5. Storage.
	6. Polyvinyl Chloride (PVC), 14-in. through 24-in.
	a. Scope.  This product specification covers 14-in. nominal diameter through 24-in. nominal diameter polyvinyl chloride (PVC) potable water transmission pipe with integral bell and spigot joints. The pipe shall be extruded from Class 12454-A or 12454-...
	b. Definitions. All definitions are defined according to AWWA C905-97 Section  1.2 Definitions.
	(1) Dimension Ratio (DR) - The ratio of the pipe outside diameter to the minimum wall thickness. The quotient is rounded to the nearest 0.5 when necessary.
	(2) Pressure Rating (PR) - The nominal pressure rating of transmission pipe is determined from formulas in Section 5: Transmission-Pipe Ratings AWWA C905-97 using a safety factor of 2.0. There is no allowance for  surge pressure in the pressure rating.

	c. General Requirements.
	(1) Except as noted on the plans or procurement specifications for specific  jobs, all C-905 PVC pipe shall have a pressure rating of 235 PSI and a dimension ratio of 18 or have the highest pressure rating available for each  size of pipe.
	(2) Dimensions and tolerances for each nominal pipe size shall be in accordance with Table 2 Dimensions for PVC Transmission Pipe with CI Outside Diameter of Section 3 Pipe Requirements in AWWA C905-97.  All pipe shall be suitable for use as a pressur...
	(3) Pipe shall be furnished in standard laying lengths of 20 ft. ± 1 in. unless  otherwise noted. Each pipe shall have an integral bell formed on the pipe end, and be designed to be at least as strong as the pipe wall.
	(4) An elastomeric gasket shall be designed with a retainer ring, which locks  the gasket into integral bell groove and shall be installed at the point of manufacture. The dimensions and design of the gasket joint provided for the PVC transmission pip...
	(5) Each length of pipe furnished shall bear identification markings that will  remain legible after normal handling, storage, and installation. Markings shall be applied in a manner that will not weaken or damage the pipe.  Markings shall be applied ...
	(a) Nominal size and OD base (for example, 24 CI).
	(b) PVC.
	(c) Dimension Ratio (for example, DR 25)
	(d) AWWA pressure rating (for example, PR 165)
	(e) AWWA designation number for this standard (AWWA C905).
	(f) Manufacturer’s name or trademark.
	(g) Manufacturer’s production code, including day, month, year, shift, plant, and extruder of manufacture.

	(6) Pipe shall be bundled in pallets for ease of handling and storage. Pipe bundles (units) shall be packaged to provide structural support to insure that the weight of upper units shall not cause deformation to pipe in lower  units. No evidence of ul...
	(7) The manufacturer shall take adequate measures during pipe production to  assure compliance with AWWA C905-97 by performing quality-control tests and maintaining results of those tests as outlined in Section 5:  Inspection and Testing of that stand...
	(8) The pipe is intended for use as an underground, direct bury pressure pipe  for transport of potable water. The expected life of the pipe system, after  installation, is 25 to 50 years.
	(9) A one-year warranty shall be provided for all materials sold and delivered  for use and incorporated into the distribution system. Such warranty shall take effect on the date that the pipe is received and accepted by an authorized representative o...
	(10) User references and a claims history shall be provided for further  investigation, prior to rendering a final decision on the acceptance of the product to be furnished.

	d. Tests.  The manufacturer shall pressure test all pipe, including the joint that is marked with the designation number of AWWA C905-97 at 73.4 º F. +/- 3.6 º F. Each length of pipe shall be proof tested at twice the pressure rating listed in Table 3...
	e. Random Tests.  The Engineer may, at no cost to the manufacturer, subject random lengths of pipe to testing by an independent laboratory for compliance with this specification. Any visible defect or failure to meet the quality standards herein shall...
	f. References.  The documents listed below are referenced in this specification.
	(1) AWWA C905-97; Polyvinyl Chloride (PVC) Water Transmission Pipe, Nominal Diameters 14 in. through 36 in.
	(2) ASTM D1784; Standard Specification for Rigid Polyvinyl Chloride (PVC) Compounds and Chlorinated Polyvinyl Chloride (CPVC) Compounds.
	(3) ASTM D2122; Standard Method of Determining Dimensions of Thermoplastic Pipe and Fittings.
	(4) ASTM D3139; Standard Specification for Joints for Plastic Pressure Pipes Using Flexible Elastomeric Seals.
	(5) ASTM F477; Standard Specification for Elastomeric Seals (Gaskets) for Joining Plastic Pipe.


	7. Bends and Fittings for PVC Pipe, 14-in. through 24-in.
	8. Pipe Joint Restraint System for PVC Pipe, 4-in. through 24-in.
	a. Joint Restraint System for PVC C-900/C-905.
	(1) Scope. This specification covers pipe joint restraint systems to be used on domestic water mains for PVC C-900 pipe sizes 4-in. through 12-in. diameter and PVC C-905 pipe sizes 16-in. through 24-in. diameter, and for Ductile Iron pipe sizes from 4...
	(2) General Requirements.
	(3) Specific Requirements.
	a. Restrainer for PVC C-900/C-905 & Ductile Iron Push-on Type Connections:
	b. Compression Ring Fitting Restrainer for Ductile Iron Pipe & PVC C-900.
	c.  Non-metallic restrained joint pipe and couplings for PVC C-900 Type Connections:
	d. Retainer Gland for Ductile Iron Pipe (only):
	(e) Maximum Sustained Working Pressure Requirements:

	(4) Tests. The Engineer may, at no cost to the manufacturer, subject random joint restraint system products to testing by an independent laboratory for compliance with these standards. Any visible defect of failure to meet the quality standards herein...
	(5) Product List.  Other approved equal products from other manufacturers meeting these specifications may be submitted for review.
	(a) Slip on Joint Restraint Systems:
	(b) Compression Ring Systems:
	(c) Non-metallic restrained joint pipe and couplings for PVC C-900 RJ Type Connections:




	E.  Reinforced Concrete Pipe (RCP) for Encasement.
	F.  Copper Tubing and Brass Fittings for Copper Service Lines.
	1. Copper Tubing.
	2. Brass Fittings.

	G.  Gate Valves, Tapping Valves and Tapping Sleeves.
	1. Gate Valves.
	2. Tapping Valves and Tapping Sleeves.

	H.  Butterfly Valves. The design, component materials, construction, manufacture and testing of all butterfly valves of nominal sizes 20-in. and larger shall conform to AWWA Standard C504 for “Rubber Seated Butterfly Valves”.
	I.  Valve Boxes.  All valve box assemblies are to conform to the details shown on the plans. Each valve box assembly shall be of cast-iron and shall consist of a base, top section, and lid.
	J.  Meter Boxes.  All 5/8-in. through 2-in. meters and 2-in. air release valves shall be housed in metal boxes as specified herein as shown on the plans. For non-traffic bearing locations, the meter box assembly for 5/8-in. through 2-in. meters shall ...
	K.  Fire Hydrants.  The designs, component materials, construction, manufacture, and testing of all fire hydrants shall conform to AWWA Standard C502 for “Dry Barrel Fire Hydrants”. The bronze used for valve seats, drain valve, drain outlet, stems and...
	L.  Polyethylene Wrapping Material.  Polyethylene wrapping for ductile and cast iron water mains shall consist of a 4 mil thick tubular section of cross-laminated high-density polyethylene, having a high dielectric and tensile strength, for use in pro...
	M.  Mechanical Couplings.  Mechanical coupling of Dresser or similar type shall be used to connect plain ends of concrete steel cylinder pipe and plain ends of steel and ductile-iron pipe in conjunction with the installation of butterfly valves sizes ...
	N.  Air Release Assemblies. Valve body and cover shall be cast iron fabricated in accordance with ASTM A48-35 or ASTM A126 Class B. Inlet sizes through 3-in. shall be screwed (National Pipe Taper Thread, NPT).
	O.  Blow-off Assemblies and Jumper Connections.  The materials required for both permanent and temporary 2-in. and 4-in. blow-off assemblies and 4-in. jumper connections are shown on the plans.
	P.  Backfill.
	1. Bedding and Initial Backfill for Water Mains.
	a. Well graded gravels meeting the following requirements:
	b. Gravel subgrade filler composed of well graded, crushed stone or gravel meeting the following requirements:
	c. Existing materials composed of coarse sands and gravels with maximum particle size of 1-3/4-in., various graded sands and gravels containing small percentages of fines, generally granular and non-cohesive, either wet or dry,  fine sands and clayey ...

	2. Secondary Backfill for Water Mains.
	3. Sand Backfill for Service Lines.

	Q.  Asphalt.  All asphaltic concrete used in the replacement of pavement over the trench line shall conform to Item 341, “Dense-Graded Hot-Mix Asphalt (QC/QA), Type “C”, unless otherwise specified on the plans.
	R.  Concrete.  All concrete required under this specification shall conform to Item 421, “Hydraulic Cement Concrete”.  Class “A” concrete shall be used in sidewalks and for blocking concrete steel cylinder mains; Class “D” concrete shall be used for t...
	S.  Reinforcing Steel.  All bar reinforcement shall be Grades 40 or 60, conforming to the requirements of Item 440, “Reinforcing Steel”.
	T.  Affidavit of Compliance.  Unless otherwise directed, furnish a manufacturer's affidavit of compliance for each of the materials used in this project. The affidavit shall certify that factory inspection and all specified tests have been made and th...
	U.  Nonmetallic Pipe Detection.  Where nonmetallic pipe is installed longitudinally, a method of detecting the location of the nonmetallic pipe shall be required. Use a durable metal detection wire for nonmetallic pipe detection. The specific method u...
	V.  High Density Polyethylene (HDPE) Pipe and Fittings.
	1. High Density Polyethylene Pipe and Fittings.
	2. Pipe Joint Restraint System for HDPE Pipe.


	3. Construction Methods.
	A.  Excavation.
	1. Trenches.
	2. Width of Trench.
	3. Classification of Excavated Materials.
	4. Grade of Trench Bottom.
	5. Excavation Below Grade.
	6. Unstable Conditions at Grade.
	7. Trench Excavation Protection.
	8. Caution in Excavation.
	9. Protection and Restoration of Underground Structures and Facilities.
	10. Backfill Material Derived from Excavation.
	11. Pavement.
	12. Concrete Sidewalks, Driveways, Etc.

	B.  Pipe Laying.
	1. General Requirements.
	2. Crossing other Underground Lines.
	3. Pipe Grade.
	4. Bedding and Bedding Materials.
	5. Cleaning Ductile-Iron Pipe.
	6. Lowering Materials into Trench.
	7. Installing Pipe.
	8. Defective or Damaged Material.
	9. Salvaged and Scrap Materials.
	10. Water For Contractor's Use.
	11. Holes at Bells and Collars.
	12. Deviations in Line or Grade.
	13. Cutting Pipe.
	14. Coating and Wrapping Underground Pipe.
	a. Steel Pipe.
	b. Ductile-Iron Pipe.
	c. Concrete-Steel Cylinder Pipe.

	15. Protective Coating and Wrapping on Joints.
	16. Joint Assembly.
	17. Polyvinyl Chloride Pipe and Accessories.
	18. Fittings.
	19. Tie-in to Existing Mains.
	21. Jacking, Boring, Open Cut or Tunneling Pipe.
	22. Installation in Casing.
	23. Installation of Split (RCP) Conduit.
	24. Cutting-in Valves.
	25. Tapping Sleeves and Valves.
	26. Cutting-in Tees.
	27. Pipe Joint Restraint System.
	28. Concrete Encasement, Cradles, Saddles and Collars.
	a. Concrete Encasement. When concrete encasement is shown on the plans or when directed, the trench shall be excavated and fine graded to a depth conforming with the details and sections shown on the plans. The pipe shall be supported by pre-cast con...
	b. Concrete Cradles. When concrete cradles are shown on the plans or when directed, the trench shall be prepared and the cradle constructed in accordance with details and sections shown on the plans.
	c. Concrete Saddles. When shown on the plans or when directed, pipe to receive concrete saddle shall be backfilled to the spring line and concrete placed for a depth and width conforming with details and sections shown on the plans.
	d. Concrete Collars. When shown on the plans or when directed, concrete collars shall be constructed in accordance with details and sections shown on the plans.


	C.  Fire Hydrants and Miscellaneous Appurtenances.
	1. Fire Hydrants.
	2. Valve Boxes, Pits, and Manholes.
	3. Air Release Assembly.
	4. Blow-offs.
	5. Anchorage and Blocking.

	D.  Backfill.
	1. Initial Backfill.
	3. Sand Backfilling of Cross Trenches and Open Holes.
	4. Trench Backfill Across Traffic Arteries.
	5. Flowable Backfill.

	E.  Flushing and Testing Mains.
	1. Flushing.
	2. Operation of Valves.
	3. Hydrostatic Tests.

	F.  Disinfection of New Mains Utilizing Machine Chlorination.
	1. Machine Chlorination.
	2. Operation of Valves.
	3. Contractor’s Personnel and Equipment.
	4. Safeguarding and Backfilling Open Holes.

	G.  Disinfection of Mains Utilizing Dry Calcium Hypochlorite.
	1. Calcium Hypochlorite (HTH).
	2. Dosage.
	3. Filling the Main.
	4. Holding Time.
	5. Flushing.
	6. Preventing Reverse Flow.
	7. Supervision.
	8. Additional Treatment.
	9. Safeguarding and Backfilling Open Holes.

	H.  Service Supply Lines.
	1. Designation of Service Supply Lines.
	2. Service Supply Line Installation.
	3. Ductile-Iron Lines.
	4. Copper Service Lines.
	5. Reconnecting Service Lines.
	a. Short Reconnects.
	b. Long Reconnects.

	6. Relaying Service Lines.
	a. Short Relays.
	b. Long Relays.

	7. Meter Boxes.

	I.  Installation of the Nonmetallic Pipe Detection System.
	J.  Removing and Replacing Chain-Link and/or Wire Fence. Existing chain link or wire fences required to be removed solely for sewer installation shall be replaced as part of the sewer work to a condition comparable to that at removal. The existing fen...

	4.  Measurement.
	A. Pipe Water Main.  Water main shall be measured by the foot as follows: From the centerline intersection of runs and branches of tees to the end of the valve of a dead-end run.
	B.  Branches.  Branches shall be measured between the centerline intersections of runs and branches of tees and where the branch is plugged for future connection, the measurement will include the entire laying length of the branch or branches of the f...
	C.  Jacking, Boring, or Tunneling Pipe.  Jacking, Boring, or Tunneling shall be measured by the foot of bore or tunnel as measured from face to face of jacking pits.
	D.  Butterfly Valve and Box.  Butterfly Valve and Box shall be measured as each assembly of the various sizes installed.
	E.  Gate Valve and Box.  Gate Valve and Valve Box shall be measured as each assembly of the various sizes installed.
	F.  Tapping Sleeve, Valve and Box.  Tapping Sleeve, Valve, and Box shall be measured as each assembly of the various sizes installed.
	G.  Cut-in Valve.  Cut-in Valve shall be measured as each assembly of the various types and sizes cut-in to the existing water main.
	H.  Cut-in Tee.  Cut-in Tee shall be measured as each assembly of the various sizes of cast-iron tees cut-in to the existing water main.
	I.  Adjust Existing Valve Box.  Adjust Existing Valve Box shall be measured as each assembly adjusted to correspond to finish grade.
	J.  Concrete encasement, cradles, saddles, and collars. Concrete encasement, cradles, saddles, and collars for pipe shall be measured by the cubic yard as dimensioned on the plans or as directed. Reinforcing if required, shall not be measured for paym...
	K.  Fire Hydrant.  Standard Fire Hydrant with 6-in. Valve and Box shall be measured as each fire hydrant installed. Also included shall be sufficient pipe, valve and fittings, exclusive of the tee in the main line, to install the branch line.
	L.  Fire Hydrant w/ Tapping Sleeve.  Standard Fire Hydrant with Tapping Sleeve, 6-in. Valve and Box shall be measured as each fire hydrant including the various sizes of tapping sleeves, pipe valves and boxes installed.
	M.  Relocate Fire Hydrant.  Relocate Fire Hydrant shall be measured as each fire hydrant relocated.
	N.  Permanent Blow-off.  Permanent Blow-off shall be measured as each assembly of the various sizes installed.
	O.  Temporary Blow-off.  Temporary Blow-off shall be measured as each assembly of the various sizes installed.
	P.  Automatic Air Release Valve.  Automatic Air Release Valve shall be measured as each assembly of the size installed.
	Q.  Relocate Existing Air Release Valve and Meter Boxes.  Relocate Existing Air Release Valve and Meter Boxes shall be measured as each assembly relocated and reconnected.
	R.  Cast-Iron Fittings.  Cast-Iron Fittings and Ductile-Iron Fittings shall be measured by the weight to the nearest one-hundredth of a ton of the various sizes installed.
	S.  Trench Excavation Protection.  Trench Excavation Protection shall be measured by the foot along the centerline of trench where the depth of trench exceeds 5-ft.
	T.  Tie-in.  Tie-In shall be measured as each of the various sizes and types completed.
	U.  Split Casing.  Split Casing shall be measured by the foot of the various sizes of split casing installed.
	V.  New Short Service.  New Short Service shall be measured as each of the various sizes and types of new service lines installed.
	W.  New Long Service.  New Long Service shall be measured as each of the various sizes and types of new service lines installed.
	X.  New Un-metered Short Service.  New Un-metered Short Service shall be measured as each of the various sizes and types of new un-metered service line installed.
	Y.  New Un-metered Long Service.  New Un-metered Long Service will be measured by the unit of various type and sizes of each new un-metered service line installed.
	Z.  Reconnect Short Service.  Reconnect Short Service shall be measured as each of the various sizes of service lines reconnected.
	AA.  Reconnect Long Service.  Reconnect Long Service shall be measured as each of the various sizes of service lines reconnected.
	BB. Relay Short Service.  Relay Short Service shall be measured as each of the various sizes of service lines re-laid.
	CC. Relay Long Service.  Relay Long Service shall be measured as each of the various sizes of service lines re-laid.
	DD. Relay Short Fire Line Service.  Relay Short Fire Line Service shall be measured as each of the various sizes and types of fire lines re-laid.
	EE. Relay Long Fire Line Service.  Relay Long Fire Line Service shall be measured as each of the various sizes and types of fire lines re-laid.
	FF. Adjust Short Fire Line Service.  Adjust Short Fire Line Service shall be measured as each of the various sizes and types of fire lines adjusted.
	GG. Adjust Long Fire Line Service.  Adjust Long Fire Line Service shall be measured as each of the various sizes and types of fire lines adjusted.
	HH. Relocate Short Service.  Relocate Short Service shall be measured as each of the various sizes of service lines relocated.
	II. Relocate Long Service.  Relocate Long Service shall be measured as each of the various sizes of service lines relocated.
	JJ. Existing Meter and Meter Box Relocation.  Existing Meter and Existing Meter Box relocation shall be measured as each assembly relocated and customer's service reconnected.
	KK. Existing Meter and New Meter Box Relocation.  Existing Meter and New Meter Box relocation shall be measured as each assembly relocated and customer's service reconnected.
	LL. Cut and Replace Concrete Sidewalk, Driveway, etc.  For concrete curbs, sidewalks, driveways, islands and medians required to be removed and replaced due to placement of water lines, removal of the existing concrete shall be measured in accordance ...
	MM. Cut and Replace Pavement.  The work to be done in the cutting and restoring of pavement shall be measured by the square yard in accordance in accordance with Item 400, “Cut and Restore Pavement”,  with the dimensions and details shown on the plans.
	NN. Hydrostatic Pressure Test.  Hydrostatic Pressure Test shall be measured as each successful test conducted.
	OO. Machine Chlorination.  Machine Chlorination shall be considered subsidiary to the work and no separate measurement shall be made by the Contractor for this work.
	PP. Concrete Cap.  Concrete Cap shall be measured by the cubic yard of concrete cap placed, but not to exceed the minimum trench width as specified in Section 3.A.2, “Width of Trench”.
	QQ. Excavation.  Excavation will not be measured for payment, but considered subsidiary to the pipe installation.
	RR.  Select Backfill.  Select Backfill will measured by the cubic yard of selected material placed as backfill, but not to exceed the minimum trench width as specified in Section 3.A.2, “Width of Trench”.
	SS.  Relocate Customer’s Yard Piping.  Relocate Customer's Yard Piping shall be measured by the foot of the various sizes and types of customer's yard piping relocated.
	TT. Flowable Backfill.  Flowable Backfill shall be measured by the cubic yard in accordance with Item 401, “Flowable Backfill”.
	UU. Installation of Nonmetallic Pipe Detection System.  Installation of the Nonmetallic Pipe Detection System will not be measured for payment, but shall be considered subsidiary to the pipe installation.
	VV. Removing and Replacing Chain-Link and/or Wire Fence.  Removing and Replacing Chain-Link and/or Wire Fence shall be measured by the foot of fence removed and replaced, regardless of the type or height of the fence, complete in place. The existing f...
	WW. Traffic Control. Traffic Control operations shall be measured in accordance with Item 502, “Barricades, Signs and Traffic Handling”.

	5.  Payment.
	A. Pipe Water Main.  Payment for “Pipe Water Main (DI)”, “Pipe Water Main (CSC)”, “Pipe Water Main (PVC)”, “Pipe Water Main (Steel)”, and “Pipe Water Main (Recycle) (HDPE)” shall be made at the unit price bid of the various sizes installed by the ope...
	B. Jacking, Boring or Tunneling Casing.  Payment shall be at the unit price bid for “Pipe Water Main (Jacked, Bored or Tunneled)” of the size and type specified. This price shall be full compensation for all materials (except carrier pipe or casing), ...
	Payment shall be made at the unit price bid for “Pipe Water Main (Jacked, Bored or Tunneled) (Carrier Pipe)”, “Pipe Water Main (Recycle) (Jacked, Bored or Tunneled) (Carrier Pipe)”, and “Pipe Water Main (Recycle) (Open Cut) (Carrier Pipe)” of the size...
	C. Valves.  Payment for “Butterfly Valve and Box (Complete)”, “Gate Valve and Box (Complete)” and “Tapping Sleeve, Valve and Box (Complete)” shall be made at the unit price bid of the various sizes installed. This payment is also to include selected e...
	D. Cut-in Valve.  Payment for “Cut-in Valve (Complete)” shall be made at the unit price bid of the various sizes installed. This payment shall include backfill, installation of valve, valve box assembly, all pipe cut and used to complete cut-in, react...
	E. Cut-in Tee.  Payment for “Cut-in Tee (Complete)” shall be made at the unit price bid of the various sizes of cast iron tees cut-in to ductile and cast iron mains. This payment is also to include selected embedment material, anti-corrosion embedment...
	F. Adjust Existing Valve Box.  Payment for “Adjust Existing Valve Box” shall be made at the unit price bid for each valve box adjusted to finish grade.
	G. Concrete Encasement, Cradles, Saddles and Collars.  Payment shall be made at the unit price bid for “Concrete Encasement, Concrete Cradles, Concrete Saddles and Concrete Collars”.
	H. Fire Hydrant.  Payment for “Fire Hydrant with 6-in Valve and Box”, “Fire Hydrant with Tapping Sleeve, 6-in. Valve and Box” and “Relocate Fire Hydrant” shall be made at the unit price bid. These payments are to include backfill, selected material, a...
	I. Blow-off.  Payment for “Permanent Blow-off (Complete)” and “Temporary Blow-off (Complete)” shall be made at the unit price bid. Payment for the eccentric reducer shall be made at the unit price bid for each ton of fittings of all types and sizes in...
	J. Automatic Air Release Valve.  Payment for “Automatic Air Release Valve (Complete)” shall be made at the unit price bid of the various sizes installed in accordance with the details shown on the plans. This payment is also to include selected embedm...
	K. Relocate Existing Air Release Valve and Meter Boxes.  Payment for “Relocate Existing Air Release Valve and Meter Boxes” shall be made at the unit price bid.  This payment is also to include backfill, removal and replacement of copper tubing with tu...
	L. Cast-Iron and Ductile-Iron Fittings.  Payment for “Cast-Iron Fittings” and “Ductile-Iron Fittings” shall be made at the unit price bid of all sizes and types installed and shall be based upon the weights of fittings shown in Table 9, “Weights of Du...
	M. Trench Excavation Protection.  Payment for “Trench Excavation Protection” shall be made on the basis of the unit price bid for “Trench Excavation Protection”. Payment shall include all components of the trench protection system which can include, b...
	N. Tie-In. Payment for “Tie-In (Complete)” shall be made at the unit price bid of the various sizes and types. This payment shall include shutdown and isolation of the existing main to which the tie shall be made, cutting pipe for connection, de-water...
	O. Split Casing. Payment for “Split Casing” shall be made at the unit price bid of the various sizes of split casing . This payment shall include selected embedment material, anti-corrosion embedment when specified, backfill, cleaning the existing pip...
	P. New Short and Long Service.  Payment for “New Short Service” and “New Long Service” shall be made at the unit price bid of the various sizes and types. This payment shall include sand backfill, a new meter box where required, copper tubing or ducti...
	Q. New Un-metered Short and Long Service.  Payment for “New Un-metered Short Service” and “New Un-metered Long Service” shall be made at the unit price bid for of the various sizes and types.  This payment shall include sand backfill, a new meter box ...
	R. Reconnect Short and Long Service.  Payment for “Reconnect Short Service” and “Reconnect Long Service” shall be made at the unit price bid of the various sizes and types. This payment shall include sand backfill, meter box relocation where required,...
	S. Relay Short and Long Service.  Payment for “Relay Short Service” and “Relay Long Service” shall be made at the unit price bid of the various sizes and types. This payment shall include sand backfill, meter box relocation where required, copper tubi...
	T. Relay Short and Long Fire Line Service.  Payment for “Relay Short Fire Line Service” and “Relay Long Fire Line Service” shall be made at the unit price bid for of the various sizes and types.  This payment shall include approved selected bedding an...
	U. Adjust Short and Long Fire Line Service.  Payment for “Adjust Short Fire Line Service” and “Adjust Long Fire Line Service” shall be made at the unit price bid for of the various sizes and types. This payment shall include approved selected bedding ...
	V. Relocate Short and Long Service.  Payment for “Relocate Short Service” and “Relocate Long Service” shall be made at the unit price bid of the various sizes. This payment shall include sand backfill, meter box relocation where required, copper tubin...
	W. Existing Meter and Existing Meter Box Relocation.  Payment for “Existing Meter and Existing Meter Box Relocation” shall be made at the unit price bid. This payment is also to include sand backfill, removal and replacement of yard piping with piping...
	X. Existing Meter and New Meter Box Relocation.  Payment for “ Existing Meter and New Meter Box Relocation” shall be made at the unit price bid. This payment is also to include sand backfill, removal and replacement of yard piping with piping of the v...
	Y. Cut and Replace Concrete Sidewalk, Driveway, etc.  Payment for replacement of curbs, driveways, sidewalks, islands and medians shall be made at the unit price bid for Item 104, “Removing Concrete”, Item 529, “Concrete Curb, Gutter and Combined Curb...
	Z. Cut and Replace Asphaltic Pavement.  Payment shall be made at the unit price bid for Item 400, “Cut and Restore Pavement”.
	AA. Hydrostatic Pressure Test.  Payment for “Hydrostatic Pressure Test” shall be made at the unit price bid.
	BB. Machine Chlorination.  Payment for “Machine Chlorination” shall be considered subsidiary to the work and no separate payment shall be made to the Contractor for this work. The Contractor is required to provide all appurtenances to the pipe to allo...
	CC. Concrete Cap. Payment for “Concrete Cap”, of the depth specified, shall be made at the unit price bid for cubic yard of concrete cap placed, but not to exceed the minimum trench width specified in Section 3.A.2, “Width of Trench”.
	DD. Select Backfill.  Payment for “Select Backfill”, of the type specified, shall be made at the unit price bid for each cubic yard, but not to exceed the minimum trench width specified in Section 3.A.2, “Width of Trench”.
	EE. Relocate Customer’s Yard Piping.  Payment for “Relocating Customer's Yard Piping” shall be made at the unit price bid. This payment is also to include approved backfill material, removal and replacement of customer's lawn turf and whatever other s...
	FF. Flowable Backfill.  Payment for “Flowable Backfill” shall be made at the unit price bid for Item 401, “Flowable Backfill”.
	GG. Removing and Replacing Chain-Link and/or Wire Fence.  Payment for “Removing and Replacing Chain-Link and/or Wire Fence”
	HH. Traffic Control.
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