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DIVISION 3. TRENCH AND TRENCHLESS CONSTRUCTION 
 
SECTION 3010 - TRENCH EXCAVATION AND BACKFILL. 
 
3010.01 DESCRIPTION. 
 

A. Excavate trench for pipe installation. 
 
B. Stabilize trench and install pipe bedding materials. 
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C. Place backfill material in trench. 

 
3010.02 MATERIALS. 
 

A. Materials Excavated from a Trench. 
 

1. Standard Trench Excavation.   
All materials encountered during trench excavation, except rock and over-excavation. 
 
a. Suitable Backfill Material. 

Class II, Class III, Class IVA, or Class IVB as defined in Article 3010.02, B. 
 

b. Unsuitable Backfill Material. 
Includes, but is not limited to: 
 
1) Soils not classified as suitable backfill material, as defined in Article 3010.02, B. 
 
2) Individual stones or concrete chunks larger than 6 inches (150 mm) and averaging 

more than one per cubic foot (0.03 cubic meters) of soil. 
 
3) Frozen materials. 
 
4) Stumps, logs, branches, and brush. 
 
5) Trash, metal, or construction waste. 
 
6) Soil in clumps or clods larger than 6 inches (150 mm) and without sufficient fine 

materials to fill voids during placement. 
 
7) Environmentally contaminated soils. 
 
8) Materials removed as rock excavation or over-excavation. 
 

c. Topsoil. 
Class V material. Comply with Article 3010.02, C. 
 

2. Rock Excavation. 
Boulders or sedimentary deposits that cannot be removed from the trench without continuous 
use of pneumatic tools or blasting. 
 

3. Over-Excavation. 
Excavation of unsuitable or unstable material in trenches below the pipe zone. 
 

B. Bedding and Backfill Material. 
 

1. Class I Material. 
 

a. Crushed stone complying with the following gradation: 
 

Sieve Percent Passing 
1 1/2 inch (37.5 mm) 100 
1 inch (25 mm) 95 to 100 
1/2 inch (12.5 mm) 25 to 60 
No. 4 (4.75 mm) 0 to 10 
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No. 8 (2.36 mm) 0 to 5 
 

b. The Engineer may allow the use of gravel or authorize a change in gradation subject to 
materials available locally at the time of construction 

 
c. The Engineer may authorize the use of crushed PCC for pipe sizes up to 12 inches (300 

mm). 
 
d. Use aggregates having a percentage of wear, Grading A or B, not exceeding 50%, 

determined according to AASHTO T 96. 
 

2. Class II Material. 
Manufactured and non-manufactured open graded (clean) or dense graded (clean) 
processed aggregate, clean sand, or coarse grained natural soils (clean) with little or no 
fines. Comply with Table 3010.02-1. 

 
Table 3010.02-1: Class II Material 

    Percentage Passing Sieve 
Sizes 

Atterberg 
Limits Coefficients 

Class Type 
Soil Group 

Symbol 
ASTM 
D 2487 

Description 
1½ in. 
(37.5 
mm) 

No. 4 
(4.75 mm)

No. 200 
(75 μm) LL Pl 

Uni- 
formity

Cu 

Curva- 
ture 
Cc 

GW Well-graded gravels 
and gravel-sand 
mixtures; little or no 
fines 

›4 1 to 3 

GP Poorly-graded gravels 
and gravel-sand 
mixtures; little or no 
fines. 

‹50% of 
“Coarse 
Fraction” 

‹4 ‹1 or ›3 

SW Well-graded sands and 
gravelly sands; little or 
no fines. 

›6 1 to 3 

Coarse Grained 
Soils, clean 

SP Poorly-graded sands 
and gravelly sands; 
little or no fines. 

100% 

›50% of 
“Coarse 
Fraction” 

‹5% Non Plastic 

‹6 ‹1 or ›3 

II 

Coarse Grained 
Soils, borderline 
clean to with fines 

e.g. GW-GC, 
SP-SM 

Sands and gravels 
which are borderline 
between clean and 
with fines. 

100% Varies 5% to 
12% Non Plastic Same as for GW, 

GP, SW and SP 

 
3. Class III Material. 
 

a. Natural coarse-grained soils with fines. Comply with Table 3010.02-2. 
 
b. Do not use where water conditions in trench may cause instability. 

 
Table 3010.02-2: Class III Material 

    Percentage Passing Sieve 
Sizes 

Atterberg 
Limits Coefficients 

Class Type 
Soil Group 

Symbol 
ASTM 
D 2487 

Description 
1½ in. 
(37.5 
mm) 

No. 4 
(4.75 mm)

No. 200 
(75 μm) LL Pl 

Uni- 
formity

Cu 

Curva- 
ture 
Cc 

GM Silty gravels, gravel-
sand-silt mixtures. 

‹4 or 
‹”A” 
Line 

III Coarse Grained 
Soils, with fines 

GC Clayey gravels, gravel-
sand-clay mixtures. 

100% ‹50% of 
“Coarse 
Fraction” 

12% to 
50% N/A 

‹7 
and 
›”A” 

N/A N/A 
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Line 

SM Silty sands, sand-silt 
mixtures. 

›4 or 
‹”A” 
Line 

SC Clayey sands, sand-
clay mixtures. 

›50% of 
“Coarse 
Fraction” 

›7 
and 
›”A” 
Line 

 
4. Class IVA Material. 
 

a. Natural fine grained inorganic soils. Comply with Table 3010.02-3. 
 
b. The Engineer will determine if material is not suitable for use as backfill material under 

deep fills, surface applied wheel loads, heavy vibratory compactors, tampers, or other 
conditions. 

 
c. Do not use where water conditions in trench may cause instability. 
 
d. Material is suitable for use in dry trench conditions only. 

 
Table 3010.02-3: Class IVA Material 

    Percentage Passing Sieve 
Sizes 

Atterberg 
Limits Coefficients 

Class Type 
Soil Group 

Symbol 
ASTM 
D 2487 

Description 
1½ in. 
(37.5 
mm) 

No. 4 
(4.75 mm)

No. 200 
(75 μm) LL Pl 

Uni- 
formity

Cu 

Curva- 
ture 
Cc 

ML Inorganic silts and very 
fine sands, rock flour, 
silty or clayey fine 
sands, silts with slight 
plasticity. 

‹4 or 
‹”A” 
Line 

IVA Fine Grained 
Soils (inorganic) 

CL Inorganic clays of low 
to medium plasticity, 
gravelly clays, sandy 
clays, silty clay, lean 
clays. 

100% 100% ›50% ‹50 
›7 

and 
›”A” 
Line 

N/A N/A 

 
5. Class IVB Material. 
 

a. Natural fine grained inorganic (high elastic silts and plastic clays - fat clay) with a liquid 
limit greater than 50%. Comply with Table 3010.02-4. 

 
b. When approved by the Engineer, material may be used as final backfill in a dry trench. 
 
c. Do not use in the pipe embedment zone. 

 
Table 3010.02-4: Class IVB Material 

    Percentage Passing Sieve 
Sizes 

Atterberg 
Limits Coefficients 

Class Type 
Soil Group 

Symbol 
ASTM 
D 2487 

Description 
1½ in. 
(37.5 
mm) 

No. 4 
(4.75 mm)

No. 200 
(75 μm) LL Pl 

Uni- 
formity

Cu 

Curva- 
ture 
Cc 

IVB Fine Grained 
Soils (inorganic) 

MH Inorganic silts, 
micaceous or 
diatomaceous fine 
sandy or silty soils, 
elastic silts. 

100% 100% ›50% ›50 ‹”A” 
Line N/A N/A 
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CH Inorganic clays of high 
plasticity, fat clays. 

›”A” 
Line 

 
C. Class V Material (Topsoil). 
 

1. Organic soils. Comply with Table 3010.02-5. 
 
2. Use only as topsoil outside of the pavement, unless otherwise specified or allowed by the 

Engineer. 
 
3. Do not use in the pipe embedment zone. 
 

Table 3010.02-5: Class V Material 

    Percentage Passing Sieve 
Sizes 

Atterberg 
Limits Coefficients 

Class Type 
Soil Group 

Symbol 
ASTM 
D 2487 

Description 
1½ in. 
(37.5 
mm) 

No. 4 
(4.75 mm)

No. 200 
(75 μm) LL Pl 

Uni- 
formity

Cu 

Curva- 
ture 
Cc 

Organic Soils 
(Unsuitable for 
backfill) 

OL Organic silts and 
organic silty clays of 
low plasticity. 

‹50 
‹4 or 
‹”A” 
Line 

 
 

OH Organic clays of 
medium to high 
plasticity, organic silts. 

V 

Highly Organic 
(Unsuitable for 
backfill) 

PT Peat and other high 
organic soils. 

100% 100% ›50% 

›50 ‹”A” 
Line 

N/A N/A 

 
D. Stabilization (Foundation) Materials. 
 

1. Clean 2 1/2 inch (63.5 mm) crushed stone with the following gradation: 
 

Sieve Percent Passing 
2 1/2 inch (63 mm) 100 
2 inch (50 mm) 90 to 100 
1 1/2 inch (37.5 mm) 35 to 70 
1 inch (25 mm) 0 to 20 
1/2 inch (12.5 mm) 0 to 5 

 
2. The Engineer may authorize a change in gradation subject to materials available locally at 

time of construction.  
 
3. Subject to the Engineer’s approval, crushed concrete may be used if it is within ± 5% of the 

gradation for each size of material. 
 

E. Special Pipe Embedment and Encasement Material. 
 

1. Concrete Cradle, Arch, or Encasement. 
Use Class C concrete. 
 

2. Flowable Mortar. 
Apply Section 2506 of the Standard Specifications. 
 

3. Controlled Low Strength Material (CLSM). 
 

a. Approximate quantities per cubic yard (cubic meter): 
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1) Cement 50 pounds (30 kg) 
2) Fly ash 250 pounds (150 kg) 
3) Fine aggregate 2910 pounds (1729 kg) 
4) Water 60 gallons (296 L) 
 

b. A compressive strength of at least 50 psi (345 kPa) at 28 days can be expected. 
 
c. Apply Article 2506.02 of the Standard Specifications. 

 
3010.03 CONSTRUCTION. 
 

A. Trench Excavation. 
 

1. Notify the Engineer prior to the start of excavation activities. 
 
2. Remove topsoil to a minimum depth of 12 inches (300 mm) and stockpile. 
 
3. Excavate trench to required elevations and dimensions. 
 

a. Protect existing facilities, trees, and shrubs during trench excavation. 
 
b. Place excavated material away from trench. 
 
c. Grade spoil piles to drain. Do not allow spoil piles to obstruct drainage. 
 

4. Unsuitable backfill material: 
 

a. If unsuitable backfill material is encountered, notify the Engineer. 
 
b. Remove rock, rubbish, boulders, debris, and other unsuitable backfill materials at least 6 

inches (150 mm) below and on each side of the pipe. 
 
c. Keep unsuitable backfill material separated from suitable backfill material and topsoil. 
 
d. Restore trench to design dimensions using bedding or stabilization material. 
 

B. Rock or Unstable Soils in Trench Bottom. 
 

1. Notify the Engineer prior to over-excavation. 
 
2. The Engineer will determine the need for over-excavation and trench foundation stabilization 

prior to installation of pipes and structures. 
 
3. Refer to the contract documents for details of over-excavation of rock and wet or soft 

foundations.  
 

C. Trench Protection. 
 

1. Install adequate trench protection (sheeting, shoring, and bracing) to prevent ground 
movement or damage to adjacent structures, pipelines, and utilities. 

 
2. Move trench boxes carefully to avoid disturbing pipe, bedding, or trench wall. 
 

D. Dewatering. 
Submit a dewatering plan to the Engineer for approval. 
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1. Maintain water levels below the bottom of trench excavation. 
 
2. Perform the dewatering operation according to the dewatering plan approved by the 

Engineer. The dewatering plan may be modified to meet actual field conditions, with approval 
of the Engineer. 

 
3. Ensure operation of the dewatering system does not damage adjoining structures and 

facilities. Cease dewatering operations and notify the Engineer if damage is observed. 
 
4. Discharged water: 
 

a. Do not discharge water into sanitary sewers. 
 
b. Discharging water into storm sewers requires the Engineer's approval. 
 
c. Obtain permission of adjacent property owner prior to discharging water onto their 

property. 
 
d.  Maintain and control water discharge as necessary to prevent a safety hazard for 

vehicular and pedestrian traffic.  
 
e.  Direct water discharge away from electrical facilities or equipment.  
 
f.  Use dewatering equipment that will minimize disturbance from noise and fumes. 
 
g.  Protect discharge points from erosion. Provide sediment control for sediment 

contaminated water discharged directly from trench. 
 

E. Pipe Bedding and Backfill. 
 

1. General. 
 
a. Bedding and backfill used for pipe installation will depend on: 
 

1) Pipe material. 
 
2) Depth of bury. 
 
3) Pipe diameter. 
 

b. After pipe installation, place remaining bedding material and immediately place backfill in 
trench. 

 
c. Adjust the moisture content of excessively wet, but otherwise suitable, backfill material by 

spreading, turning, aerating, and otherwise working material as necessary to achieve 
required moisture range. 

 
d. Adjust the moisture content of excessively dry, but otherwise suitable, backfill material by 

adding water, then turning, mixing, and otherwise blending the water uniformly 
throughout the material until the required moisture range is achieved. 

 
e. Hydraulic compaction (flooding with water) is not allowed unless authorized by the 

Engineer. 
 

2. Pipe Bedding. 
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a. Granular Material. 
 

1) Class I granular material is required for all gravity mains. Use when specified for 
pressure pipes. 

 
2) Place bedding material in the bottom of the trench in lifts no greater than 6 inches 

(150 mm) thick. Consolidate and moderately compact bedding material. 
 
3) Shape bedding material to evenly support pipe at the proper line and grade, with full 

contact under the bottom of the pipe. Excavate for pipe bells. 
 
4) Install pipe and system components. 
 
5) Place, consolidate, and moderately compact additional bedding material adjacent to 

the pipe to a depth equal to 1/6 the outside diameter of the pipe. 
 

b. Suitable Backfill Material. 
 

1) Only use with pressure pipe. 
 
2) Use suitable backfill material to shape trench bottom to evenly support pipe at the 

proper line and grade, with full contact under the bottom of the pipe. Excavate for 
pipe bells. 

 
c. Special Pipe Embedment and Encasement Materials. 
 

1) If required in the contract documents, use concrete, flowable mortar, or CLSM in lieu 
of other bedding materials. 

 
2) Secure pipe against displacement or flotation prior to placing concrete, flowable 

mortar, or CLSM. 
 

3. Haunch Support. 
 

Place from the top of the pipe bedding to the springline of the pipe. 
 
a. Granular Material. 
 

1) Place Class I material in lifts no greater than 6 inches (150 mm) thick. 
 
2) Consolidate and moderately compact by slicing with a shovel or using other approved 

techniques. 
 

b. Suitable Backfill Material. 
 

1) Place in lifts no greater than 6 inches (150 mm) thick. 
 
2) For Class II backfill material, consolidate and moderately compact by slicing with a 

shovel or using other approved techniques. 
 
3) For Class III and Class IVA backfill materials, compact to at least 90% of Standard 

Proctor Density. Obtain required compaction within a soil moisture range of optimum 
moisture to 4% above optimum moisture content. 

 
c. Special Pipe Embedment and Encasement Materials. 
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1) If required in the contract documents, use concrete, flowable mortar, or CLSM in lieu 
of other haunch materials. 

 
2) Secure pipe against displacement or flotation prior to placing concrete, flowable 

mortar, or CLSM. 
 

4. Primary and Secondary Backfill. 
 

a. General. 
 

1) For primary backfill, place from the springline of the pipe to the top of the pipe. 
 
2) For secondary backfill, place from the top of the pipe to 1 foot (300 mm) above the 

top of the pipe. 
 

b. Granular Material. 
 

1) Place in lifts no greater than 6 inches (150 mm) thick. 
 
2) Compact to at least 65% relative density. 
 

c. Suitable Backfill Material. 
 

1) Place in lifts no greater than 6 inches (150 mm) thick. 
 
2) For Class II backfill material, compact to at least 65% relative density. 
 
3) For Class III and Class IVA backfill materials, compact to at least 95% of Standard 

Proctor Density. Obtain required compaction within a soil moisture range of optimum 
moisture to 4% above optimum moisture content. 

 
d. Special Pipe Embedment and Encasement Materials. 
 

1) If required in the contract documents, use concrete, flowable mortar, or CLSM in lieu 
of other primary or secondary backfill materials. 

 
2) Secure pipe against displacement or flotation prior to placing concrete, flowable 

mortar, or CLSM. 
 

5. Final Trench Backfill. 
 

a. Place suitable backfill material from 1 foot (300 mm) above the top of the pipe to the top 
of the trench. 

 
1) Use no more than 8 inch (200 mm) thick lifts for backfill areas more than 3 feet (1 m) 

below the bottom of pavement. 
 
2) Use no more than 6 inch (150 mm) thick lifts for backfill areas less than or equal to 3 

feet (1 m) below the bottom of pavement. 
 

b. Place backfill material after recording locations of connections and appurtenances or at 
the Engineer’s direction. 

 
c. Class I and Class II backfill material: 
 

1) Compact to at least 65% relative density within right-of-way. 
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2) Compact to at least 50% relative density outside right-of-way. 
 

d. Class III and Class IVA backfill material: 
 

1) Compact to at least 95% of Standard Proctor Density within right-of-way. 
 
2) Compact to at least 90% of Standard Proctor Density outside right-of-way. 
 
3) Obtain required compaction within a soil moisture range of optimum moisture to 4% 

above optimum moisture content. 
 

e. In areas to remain unpaved, terminate backfill material 8 inches (200 mm) below finished 
grade. Use topsoil for the final 8 inches (200 mm) above trench backfill material. 

 
f. Terminate backfill material at subgrade elevation in areas to be paved. 
 

F. Trench Compaction Testing. 
 

1. General. 
When trench compaction testing is specified in the contract documents as the Contractor’s 
responsibility, provide testing of trench backfill material using the services of an independent 
testing laboratory approved by the Engineer. 

 
2. Soil Testing. 
 

a. Cohesive soils. 
 

1) Determine moisture-density relationships by ASTM D 698 (Standard Proctor). 
Perform at least one test for each type of cohesive soil used. 

 
2) Determine in-place density and moisture content. Use ASTM D 1556 (sand-cone 

method) and D 2216 (laboratory moisture content), or use ASTM D 6938 (nuclear 
methods for density and moisture content). 

 
b. Cohesionless soils. 
 

1) Determine maximum and minimum index density and calculate relative density using 
ASTM D 4253 and ASTM D 4254. 

 
2) For Class I granular bedding material, determine gradation according to ASTM C 

136. 
 

3. Field Testing. 
 

a. Testing Frequency and Locations. 
 

Perform testing of the final trench backfill, beginning at a depth of 2 feet (600 mm) above 
the top of the pipe, as follows: 
 
1) Coordinate the timing of testing with the Engineer. 
 
2) The Engineer will determine the location of testing. 
 
3) For each 2 vertical feet (600 vertical mm) of consolidated fill, provide tests at a 

maximum horizontal spacing of 200 feet (60 m) and at all street crossings. 
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4) Additional testing may be required by the Engineer in the event of non-compliance or 

if conditions change. 
 
5) If necessary, excavate to the depth and size as required by the Engineer to allow 

compaction tests. Place backfill material and recompact. 
 

b. Test Failure and Retesting. 
Rework, recompact, and retest as necessary until specified compaction and moisture 
content is achieved in all areas of the trench. In the event of failed tests, the Engineer 
may require retesting as deemed necessary. 

 
3010.04 METHOD OF MEASUREMENT. 
 

A. Rock Excavation. 
Measurement will be by cubic yards (cubic meters) of rock removed. 
 

B. Trench Foundation. 
Measurement will be in tons (megagrams) for the quantity of stabilization material required to 
replace material removed by over-excavation. Measurement will be based on the scale tickets for 
the material delivered and incorporated into the project. Trench foundation required to correct 
unauthorized over-excavation will not be measured. 
 

C. Replacement of Unsuitable Backfill Material. 
Measurement will be in cubic yards (cubic meters) for the quantity of backfill material required to 
replace unsuitable backfill material removed during standard trench excavation.  Measurement 
will be based on compacted material in place. 
 

D. Special Pipe Embedment or Encasement. 
Measurement will be by the linear foot (meter) along the centerline of pipe for each type of special 
embedment or encasement. 
 

E. Trench Compaction Testing. 
 

1. The Contractor is not responsible for trench compaction testing or payment unless otherwise 
specified in the contract documents. 

 
2. If the contract documents specify that the Contractor is responsible for trench compaction 

testing performed by an independent testing laboratory hired by the Contractor, measurement 
will be a lump sum. 

 
3010.05 BASIS OF PAYMENT. 
 

A. General. 
The following items are incidental to the underground utility being installed and will not be paid for 
separately: 
 
1. Standard trench excavation. 
 
2. Removal and disposal of unsuitable backfill material encountered during standard trench 

excavation. 
 
3. Removal of abandoned private utilities encountered during trench excavation. 
 
4. Furnishing and placing granular bedding material. 
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5. Placing and compacting backfill material. 
 
6. Dewatering. 
 
7. Sheeting, shoring, and bracing. 
 
8. Adjusting the moisture content of excavated backfill material to the range specified for 

placement and compaction. 
 

B. Rock Excavation. 
Payment will be at the contract unit price per cubic yard (cubic meter) for the quantity of rock 
removed. 
 

C. Trench Foundation. 
 

1. Payment will be at the contract unit price per ton (megagram) for the quantity of stabilization 
material furnished and placed. 

 
2. Payment is full compensation for (but is not limited to): 

• Removal and disposal of over-excavated material required to stabilize trench foundation, 
and 

• Furnishing, hauling, and placing stabilization material. 
 

D. Replacement of Unsuitable Backfill Material. 
 

1. Payment will be at the contract unit price per cubic yard (cubic meter) for the quantity of 
backfill material furnished. 

 
2. Payment is full compensation for (but is not limited to) furnishing, hauling, and placing backfill 

material. 
 

E. Special Pipe Embedment or Encasement. 
 

1. Payment will be at the contract unit price per linear foot (meter) for each type of special pipe 
embedment or encasement. 

 
2. Payment is full compensation for (but is not limited to) furnishing and placing all required 

special pipe embedment or encasement materials. 
 
 

F. Trench Compaction Testing. 
 

1. If the contract documents specify that the Contractor is responsible for trench compaction 
testing performed by an independent testing laboratory hired by the Contractor, payment will 
be at the contract unit price for the lump sum. 

 
2. The Contractor will be responsible for payments associated with all retesting resulting from 

failure of initial tests. 
 
SECTION 3020 - TRENCHLESS CONSTRUCTION. 
 
3020.01 DESCRIPTION. 
 

A. Excavate launching and receiving pits. 
 
B. Install casing or sanitary sewer pipe by trenchless methods. 
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C. Install sanitary sewer pipe inside casing pipe (if required). 
 
D. Place backfill material in excavations. 

 
3020.02 MATERIALS.  
 

A. Sanitary Sewer Pipe. 
Apply Article 4010.02. 
 

B. Casing Pipe. 
 

1. Pipe. 
Use only new steel pipe meeting the requirements of ASTM A 139/A 139M, Grade B; ASTM 
A 252, Grade 2; or ASTM A 53/A 53M, Grade B. Pipe may be welded or seamless. Wall 
thickness will be as specified in the contract documents.  
 

2. Joints. 
 

a. Comply with American Welding Society Code D1.1M/D1.1. Weld all joints with full 
penetrating weld. Welders are required to be qualified according to Materials I.M. 560. 
Welds are required to comply with Materials I.M. 558. 

 
b. Upon approval of the Engineer, adjacent pieces of steel pipe may be connected during 

installation using CNC machined integral press fit connections as long as loading and 
installation design criteria are met. Install press fit connections according to the pipe 
manufacturer’s recommendation. 

 
3. Pipe Diameter. 

Casing Pipe Minimum Wall Thickness: Refer to Table 3020.02-1. 
 

Table 3020.02-1: Minimum Wall Thickness 

WALL THICKNESS, MINIMUM INCHES (mm) NOMINAL DIAMETER 
INCHES (mm) UNDER HIGHWAY UNDER RAILROAD 

6 thru 14 (150 thru 355) 0.188  (4.78) 0.25000 (6.35) 

16 (465) 0.188 (4.78) 0.28125 (7.14) 

18 (450) 0.25 (6.35) 0.31250 (7.94) 

20 (510) 0.25 (6.35) 0.34375 (8.73) 

22 (560) 0.25 (6.35) 0.34375 (8.73) 

24 (600) 0.281 (7.14) 0.37500 (9.53) 

26 (660) 0.281 (7.14) 0.40625 (10.32) 

28 (710) 0.312 (7.92) 0.43750 (11.11) 

30 (750) 0.312 (7.92) 0.46875 (11.91) 

32 (815) 0.312 (7.92) 0.50000 (12.70) 

34 (865) 0.312 (7.92) 0.53125 (13.49) 

36 (900) 0.344 (8.74) 0.53125 (13.49) 

38 (965) 0.344 (8.74) 0.56250 (14.29) 

40 (1015) 0.344 (8.74) 0.59375 (15.08) 

42 (1050) 0.344 (8.74) 0.62500 (15.88) 

44 (1120) 0.344 (8.74) 0.65625 (16.67) 

46 (1170) 0.344 (8.74) 0.65625 (16.67) 
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48 (1200) 0.344 (8.74) 0.68750 (17.46) 

50 (1270) 0.71875 (18.26) 

52 (1320) 0.75000 (19.05) 

54 (1370) 0.78125 (19.84) 

56 (1420) 0.81250 (20.64) 

58 (1470) 0.81250 (20.64) 

60 (1525) 0.84375 (21.43) 

62 (1575) 0.87500 (22.23) 

64 (1625) 0.90625 (23.02) 

66 (1675) 0.93750 (23.81) 

68 (1725) 0.93750 (23.81) 

70 (1780) 0.96875 (24.61) 

72 (1830) 

For sizes greater than 
48 inch (1200 mm) 
diameter, consult 

the Engineer 
 
 
 
 
 
 
 
 
 

1.00000 (25.40) 
 

C. Casing Spacers. 
 

1. Use manufactured casing spacers to position sanitary sewer pipe in casing. Do not use wood 
skids. 

 
2. Meet the following requirements for the respective materials: 
 

a. HDPE Band/Panel and Riser: ASTM D 638. 
 
b. Stainless Steel or Carbon Steel Band/Panel and Riser: Type 304 stainless steel 

according to ASTM A 240/A 240M or carbon steel according to ASTM A 36/A 36M. 
 

1) Liner: Elastomeric PVC per ASTM D 149. 
 
2) Spacer Skid/Runner: Abrasion resistant polymer with a low coefficient of friction. 
 
3) Fasteners: Type 304 (18-8) stainless steel per ASTM A 193/A 193M. 
 

D. Backfill for Abandoned Tunnels. 
 

1. Option 1: Use Class C concrete, approximately 4 inch (100 mm) slump. 
 
2. Option 2: Flowable mortar or controlled low strength material (CLSM) according to Article 

3010.02, E. 
 

E. Backfill Material. 
 

1. Excavated Materials. 
Apply Section 3010 for classification of excavated materials. Use only suitable material for 
backfill material. 
 

2. Special Fill Materials. 
For use where specified in the contract documents. 
 
a. PCC: Use Class C concrete, approximately 4 inch (100 mm) slump. 
 
b. Flowable Mortar: Apply Section 2506.02 of the Standard Specifications. 
 
c. Controlled Low Strength Material (CLSM): Apply Article 3010.02, E. 
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F. Casing End Seal. 
 

1. Manufactured: Minimum 1/8 inch (3.0 mm) thick manufactured synthetic rubber casing end 
seal with stainless steel bands and fasteners. 

 
2. PCC: Apply Section 2403 of the Standard Specifications. Do not use PCC casing end seals 

with flexible sanitary sewer pipes. 
 
3020.03 CONSTRUCTION.  
 

A. Excavation. 
 

1. Notify the Engineer prior to the start of excavation activities. 
 
2. Remove topsoil to minimum depth of 12 inches (300 mm) and stockpile. 
 
3. Excavate the minimum size pits necessary to safely and properly perform the work. 
 

a. Protect existing facilities, trees, and shrubs during excavation. 
 
b. Place excavated material away from trench. 
 
c. Grade and shape spoil piles to drain and protect adjacent areas from runoff. Do not allow 

spoil piles to obstruct drainage. Stabilize stockpiles with seeding and provide sediment 
control around stockpiles. 

 
4. Remove rock, rubbish, debris, and other materials not suitable for use as backfill. 
 

B. Sheeting Shoring, and Bracing. 
Apply Article 3010.03, C. 
 

C. Dewatering. 
Apply Article 3010.03, D. 
 

D. Trenchless Installation. 
 

1. General. 
Select a method of installation that is appropriate for the soil conditions anticipated and will: 
1) allow the pipe to be installed to the desired line and grade within the specified tolerances; 
2) prevent heaving or settlement of the ground surface or damage to nearby facilities; and 3) 
prevent damage to the sanitary sewer pipe and lining materials within the sanitary sewer 
pipe. 
 
a. Installation Methods. 
 

1) Auger Boring: A method that utilizes a rotating cutting head to form the bore hole 
and a series of rotating augers inside a casing pipe to remove the spoil. 

 
2) Directional Drilling: A method for installing pipe from a surface launched drilling rig. 

A pilot bore is formed and then enlarged by back reaming and removing the spoil 
material. The pipe is then pulled in place. 

 
3) Open-ended Pipe Ramming: A method that involves driving a steel casing pipe with 

a percussive hammer. The front end of the casing pipe is open ended. Spoils are 
removed from the pipe. 
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4) Pipe Jacking: A method in which pipe is pushed into the ground with hydraulic jacks 

while soil is simultaneously excavated. Excavation is normally completed with a 
tunnel boring machine. 

 
5) Microtunneling: A method of pipe jacking using a remote controlled tunnel boring 

machine. 
 
6) Utility Tunneling: A method of forming large diameter tunnels. As excavation takes 

place at the front of the tunnel, a liner is constructed to temporarily support the 
tunnel. Upon completion of the tunnel, the pipe is pushed in place. 

 
7) Other: Other methods may be allowed with the Engineer’s approval. 
 

b. Line and Grade. 
 

1) Install pipe at line and grade that will allow the sanitary sewer pipe to be installed at 
its true starting elevation and grade within a maximum alignment deviation of the pipe 
centerline as specified in the contract documents. 

 
2) When no deviation tolerances are specified in the contract documents, apply the 

following maximum deviations to the sanitary sewer pipe: 
 

a) Gravity Main: 
 

(1) Horizontally: ± 1.0 foot per 100 feet (0.3 m per 30 m). 
 
(2) Vertically: ± 0.2 feet up to 100 feet (0.06 m per 30 m). An additional ± 0.1 foot 

per 100 feet (0.03 m per 30 m) thereafter. Backfall in pipe is not allowed. 
 

b) Force Main: 
 

(1) Horizontally: ± 2.0 feet (0.6 m). 
 
(2) Vertically: ± 1.0 foot (0.3 m). Maintain the minimum depth specified in the 

contract documents. 
 

c) Greater deviation or interference with other identified facilities may be cause for 
rejection. 

 
c. Deviation from Line and Grade. 
 

1) Provided adequate clearance remains for proper installation of the sanitary sewer 
pipe, the Contractor will be allowed to correct deviations in grade of a casing pipe in 
order to achieve design grade of the sanitary sewer pipe by: 
• Pouring an invert in the casing pipe, or 
• Shimming the sanitary sewer pipe with casing spacers to a uniform grade. 
 

2) Installations deviating from the specified tolerances that cannot be adjusted to 
conform to the specified tolerances may be rejected by the Engineer. If a non-
conforming installation is not rejected, provide all additional fittings, utility accesses, 
or appurtenances needed to accommodate horizontal or vertical misalignment, at no 
additional cost to the Contracting Authority. 

 



DS-01124, Page 18 of 78 
 

 

3) Abandon rejected installations and place special fill materials, at no additional cost to 
the Contracting Authority. Replace abandoned installations, including all additional 
fittings, manholes, or appurtenances required to replace rejected installations. 

 
2. Casing Pipe or Un-cased Sanitary Sewer Pipe Installation. 
 

a. Install pipe by approved methods. 
 
b. Use a jacking collar, timbers, and other means as necessary to protect the driven end of 

the pipe from damage. 
 
c. Do not exceed the compressive strength or tensile capacity of the pipe during pushing or 

pulling operations. 
 
d. Fully support bore hole at all times to prevent collapse. Insert pipe as soil is removed, or 

support bore with drilling fluid. 
 
e. Fully weld all casing pipe joints. Use an interlocking connection system when approved 

by the Engineer. 
 
f. Fill space between the inside of the bore hole and the outside of the pipe with special fill 

material if the space is greater than 1 inch (25 mm). 
 

3. Sanitary Sewer Pipe Installation through Casing. 
 

a. Clean dirt and debris from the interior of the casing pipe after installation. 
 
b. Install casing spacers on sanitary sewer pipe sections as necessary to support the pipe 

barrel according to the pipe manufacturer's recommendations subject to the following 
minimum requirements: 

 
1) Install a spacer within 1 foot (0.3 m) of each side of the sanitary sewer pipe joint and 

at a maximum spacing of 6 feet (1.8 m). 
 
2) Do not allow the pipe to be supported by joint bells. 
 
3) Lubricate casing spacers with drilling mud or flax soap. Do not use petroleum-based 

lubricants or oils. 
 

c. Ensure that thrust loads will not damage sanitary sewer pipe joints. Provide thrust collars 
between joint shoulders of concrete pipe. 

 
d. Provide timbers for sufficient cushioning between the end of the pipe pushed and the 

jacking equipment to prevent damage to the pipe. Do not allow the steel jack face to 
thrust against the unprotected pipe end. 

 
e. Position jacks so the resulting force is applied evenly to the entire end of the pipe. 
 
f. Assemble pipe joints in the jacking pit before pushing the sanitary sewer pipe into the 

casing. 
 
g. Close the end of the casing pipe around the sanitary sewer pipe with a casing end seal. 
 
h. When specified in the contract documents, fill the annular space between the sanitary 

sewer and casing pipe with flowable mortar or CLSM. 
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E. Pit Restoration. 
 

1. Remove installation equipment and unused materials from the launching and receiving pits. 
 
2. When the sanitary sewer pipe extends beyond the limits of trenchless installation and into the 

bore pit, place bedding and backfill material according to Section 3010. 
 
3. Place suitable backfill material in the pit. Apply the testing requirements of Section 3010.  
 
4. Restore the site to original condition or better. 

 
3020.04 METHOD OF MEASUREMENT.  
Trenchless Construction will not be measured for payment. Excavation for boulders smaller than one-third 
the diameter of the pipe being installed, or parts of existing structures identified in the contract documents 
will not be measured for payment, but are to be considered incidental to the price bid for trenchless 
construction. Excavation and removal of boulders larger than one-third the diameter of the pipe being 
installed, or parts of existing structures not identified in the contract documents will be paid for in 
accordance with Article 1109.03, B. 
 
3020.05 BASIS OF PAYMENT.  
Trenchless Construction is incidental to the underground utility pipe being installed and will not be paid for 
separately. 
 
 

DIVISION 4. SEWERS 
 
SECTION 4010 - SANITARY SEWERS 
 
4010.01 DESCRIPTION. 
 

A. Construct sanitary sewer gravity and force mains. 
 
B. Construct or relocate building sanitary sewer services, stubs, and connections. 

 
4010.02 MATERIALS. 
 

A. Sanitary Sewer (Gravity Mains). 
 

1. Solid Wall Polyvinyl Chloride Pipe (PVC) 8 inch to 15 inch (200 mm to 375 mm). 
 

a. Comply with ASTM D 3034, pipe stiffness per ASTM D 2412, minimum thickness solid 
wall pipe SDR 23.5 (153 psi (1055 kPa)), 26 (115 psi (795 kPa)), 35 (46 psi (320 kPa)). 

 
b. PVC plastic meeting ASTM D 1784, Cell Classification 12454 or 12364. Do not exceed 

10 parts by weight (mass) per 100 of PVC resin in the compound for additives and fillers, 
including but not limited to stabilizers, antioxidants, lubricants, and colorants. 

 
c. Integral bell and spigot joints with elastomeric seals complying with ASTM D 3212 and 

ASTM F 477. 
 

2. Solid Wall Polyvinyl Chloride Pipe (PVC) 18 inch to 27 inch (450 mm to 675 mm). 
 

a. Comply with ASTM F 679. Minimum pipe stiffness of 46 psi (320 kPa) as per ASTM D 
2412. 
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b. PVC plastic meeting ASTM D 1784, Cell Classification 12454 or 12364. Do not exceed 
10 parts by weight (mass) per 100 of PVC resin in the compound for additives and fillers, 
including but not limited to stabilizers, antioxidants, lubricants, and colorants. 

 
c. Integral bell and spigot joints with elastomeric seals complying with ASTM D 3212 and 

ASTM F 477. 
 

3. Corrugated Polyvinyl Chloride Pipe (PVC) 8 inch to 36 inch (200 mm to 900 mm). 
 

a. Comply with ASTM F 949, 46 psi (320 kPa) stiffness, smooth interior, corrugated exterior. 
 
b. PVC resin meeting ASTM D 1784, Cell Classification 12454. Do not exceed 10 parts by 

weight (mass) per 100 of PVC resin in the compound for additives and fillers, including 
but not limited to stabilizers, antioxidants, lubricants, and colorants. 

 
c. Integral bell and spigot joints with elastomeric seals complying with ASTM D 3212 and 

ASTM F 477. 
 

4. Closed Profile Polyvinyl Chloride Pipe (PVC) 21 inch to 36 inch (525 mm to 960 mm). 
 

a. Comply with ASTM F 1803 (Closed Profile), minimum pipe stiffness 46 psi (320 kPa). 
 
b. PVC plastic meeting ASTM D 1784, Cell Classification 12364. Do not exceed 10 parts by 

weight (mass) per 100 of PVC resin in the compound for additives and fillers, including 
but not limited to stabilizers, antioxidants, lubricants, and colorants. 

 
c. Integral bell and spigot joints with elastomeric seals complying with ASTM D 3212 and 

ASTM F 477. 
 

5. Polyvinyl Chloride Composite Pipe (truss type PVC) 8 inch to 15 inch (200 mm to 375 
mm). 

 
a. Comply with ASTM D 2680 (composite pipe), minimum pipe stiffness 200 psi (1380 kPa). 

Pipe constructed with truss type structure between inner and outer PVC walls with voids 
filled with lightweight concrete. 

 
b. PVC plastic meeting ASTM D 1784, Cell Classification 12454. Do not exceed 10 parts by 

weight (mass) per 100 of PVC resin in the compound for additives and fillers, including 
but not limited to stabilizers, antioxidants, lubricants, and colorants. 

 
c. Integral bell and spigot joints with elastometric seals complying with ASTM D 3212 and F 

477. 
 

6. Reinforced Concrete Pipe (RCP) 18 inch to 144 inch (450 m to 3650 mm). 
 

a. General. 
 

1) Comply with ASTM C 76/C 76M (AASHTO M 170/M 170M). 
 
2) Minimum Class IV (3000 D), Wall B. 
 
3) Tongue and groove joints. 
 
4) Rubber O-ring flexible joint complying with ASTM C 443/C 443M (AASHTO M 315/M 

315M). 
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b. Pipe Lining. 
 

1) Coat interior pipe barrel and all joint surfaces with two-component coal-tar epoxy-
polyamide black paint or approved equal. 

 
2) Lining Material: Steel Structures Painting Council (SSPC) Specification No. 16, Table 

1. 
 

a) Minimum epoxy resin content 34% to 35% by dry film weight. 
 
b) Minimum sag resistance 40 mils (1 mm). 
 
c) Minimum solids 80% by volume. 
 

3) Apply according to the lining material manufacturer’s recommendations. 
 

7. Ductile Iron Pipe (DIP) 8 inch to 54 inch (200 mm to 1350 mm). 
 

a. General. 
 

1) Comply with AWWA C151. 
 
2) Minimum thickness Class 52. 
 
 

b. Interior Linings. 
 

1) Provide interior lining for ductile iron pipe and fittings used for all gravity sewers and 
drop connections. 

 
2) Use linings specifically designed for sanitary sewer applications, which may include 

calcium aluminate, polyethylene, ceramic epoxy, and coal tar epoxy. Other lining 
types may be allowed upon approval of the Engineer. 

 
3) Apply lining to interior of unlined ductile iron pipe and fittings according to the 

published specifications from the manufacturer. 
 
4) Seal all cut ends and repair field damaged areas according to the manufacturer’s 

recommendations. 
 

c. Exterior Coating. 
Asphalt. 
 

e. Joints. 
Push-on complying with AWWA C111. 
 

f. Fittings. 
Mechanical complying with AWWA C110 or AWWW C153. 
 

g. Polyethylene Encasement. 
 

1) Comply with AWWA C105. 
 
2) Minimum thickness of 8 mils (200 µm). 
 
3) Use for all ductile iron pipe and fittings in buried service. 
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8. Vitrified Clay Pipe (VCP) 8 inch to 42 inch (200 mm to 1050 mm). 
 

a. Pipe and fittings complying with ASTM C 700. 
 
b. Compression joints complying with ASTM C 425 for plain end pipe or bell and spigot 

pipe. 
 
c. Test according to ASTM C 301. 
 

B. Sanitary Sewer Force Mains. 
 

1. Ductile Iron Pipe (DIP) 4 inch to 54 inch (100 mm to 1350mm). 
Apply Article 4010.02, A, 7. If joint restraints are specified, apply Article 5010.02, C. 
 

2. Polyvinyl Chloride Pipe (PVC). 
Apply Article 5010.02, A, for PVC pipe. Provide restrained joints when specified. 
 

3. Sewage Air Release Valve. 
 
a. General. 

Consists of an elongated tapered or conical body with outward-slanting walls and a float 
to operate (open and close) under pressure without spillage. Use a float with a flexible 
connection to the seal plug assembly to prevent irregular air release and protect the 
connecting rod. Ensure the bottom of the valve is sloped or funnel-shaped to encourage 
the accumulated sewage and solids to drain from the valve. Preserve a volume of air at 
all times between the liquid sewage and the seal plug assembly. 
 

a. Materials. 
 

1) Body and Cover: Stainless steel, fiberglass-reinforced nylon, or other corrosion-
resistant materials. 

 
2) Internal Metal Components: Stainless steel. 
 
3) Float: Stainless Steel, ASTM A 240/A 240M, Type 304, or foamed polypropylene. 
 
4) Seal Plug Assembly: Stainless steel, foamed polypropylene, EPDM rubber, and 

reinforced nylon. 
 

b. Tapping Saddle. 
Stainless steel or nylon. 
 

c. Pit. 
Construct according to the contract documents. 
 

4. Tracer Wire. 
Apply Article 5010.02, E, 2. Tracer wire will be required on all force mains. 
 

5. Tracer Wire Station. 
 

a. Two internal terminals with shunt. 
 
b. Five to six foot (1.5 to 1.8 meter) plastic post (color as specified by the Engineer). 
 
c. Removable top cap with lock. 
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d. Decals indicating: “Sewer Force Main” or similar language. 
 

C. Casing Pipe. 
Apply Article 3020.02, C. 
 

D. Sanitary Sewer Services. 
 

1. Connection to Main. 
 

a. PVC Main. 
 

1) Preformed wye or tee service fitting with integral bell and spigot joints with 
elastomeric seals complying with ASTM D 3034 or ASTM F 949. 

 
2) Preformed saddle wye or saddle tee for service tap complying with ASTM D 3034 or 

ASTM F 949. 
 
3) PVC plastic meeting ASTM D 1784, Cell Classification 12454. 
 

b. PVC Composite Main. 
 

1) Preformed wye or tee service fitting with integral bell and spigot joints with 
elastomeric seals complying with ASTM D 3212. 

 
2) Preformed saddle wye or saddle tee for service tap complying with ASTM D 2680. 
 

c. RCP Main. 
Preformed saddle wye or saddle tee service tap designed for use with RCP. 
 

d. VCP Main. 
 

1) Precast VCP wye or tee service fitting complying with ASTM C 700 for pipe and 
ASTM C 425 for compression joints. 

 
2) Preformed saddle wye or saddle tee service tap designed for use with VCP. 
 

e. DIP Main. 
 

1) Use DIP wye or tee fittings complying with AWWA C110 or AWWA C153. 
 
2) Preformed saddle wye or tee services tap designed for use with DIP. Cut the hole for 

the tap with equipment designed for that application. 
 

2. Wye and Tee Pipe Stop. 
All saddle wye or saddle tee fittings must provide an integrally molded pipe stop in the branch 
for positive protection against service pipe insertion beyond the inside of sewer main pipe 
wall. 
 

3. Service Pipe. 
Use products as required by local plumbing code or regulations, if applicable. Otherwise use 
the following: 
 
a. PVC. 
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1) Comply with ASTM D 3034, minimum thickness SDR 23.5; minimum pipe stiffness of 
153 psi (1055 kPa) as per ASTM D 2412. 

 
2) PVC plastic meeting ASTM D 1784, Cell Classification 12454. 
 
3) Integral bell and spigot type rubber gasket joint complying with ASTM D 3212. 
 

b. DIP. 
 

1) As specified for sanitary sewer force main. 
 
2) Polyethylene encasement as specified. 
 

4. Connection to Existing Service. 
Apply Article 4050.02, H. 
 

E. Sanitary Sewer Service Relocations. 
 

1. Apply the requirements of Article 4010.02, D, to all materials used for sanitary service 
relocation. 

 
2. Use the same nominal size as the existing service being relocated. 

 
4010.03 CONSTRUCTION. 
 

A. Examination. 
 

1. Verify measurements at site. Make necessary field measurements to accurately determine 
pipe makeup lengths or closures. 

 
2. Examine site conditions to ensure construction operations do not pose hazards to adjacent 

structures or facilities. 
 

B. Gravity Sewer Installation. 
 
1. General. 

 
a. Install watertight plug to prevent water from entering the existing sewer system. 
 
b. Inspect pipe for defects before installation. Do not install damaged or defective pipe. 
 
c. Clean pipe interior and joints prior to installation. Keep pipe clean during construction. 
 
d. Begin at the lowest point in the line. Lay groove or bell end pointing upstream unless 

specifically noted otherwise. 
 
e. Assemble joints according to Article 4010.03, D. 
 
f. Cut ends of pipe at manholes and structures with a saw. Do not hammer cut or break 

pipe. 
 
g. Provide manholes as specified in the contract documents. 
 
h. Install cap, plug, or bulkhead at exposed ends of pipe upon completion of construction or 

whenever pipe installation is not in progress. 
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2. Trenched. 
 
a. Excavate trench and provide pipe bedding and backfill material as specified in Section 

3010. 
 
b. Prepare trench bottom to design line and grade so that only minor movement of the pipe 

is necessary after installation. 
 
c. Lay pipe to design line and grade: 
 

1) Install pipe to line and grade specified in the contract documents. Set field grades to 
invert of pipes. 

 
2) At no additional cost to the Contracting Authority, correct misalignment, 

displacement, or otherwise defective pipe by removing, relaying, or replacing pipe. 
 

d. Provide uniform bearing for full pipe barrel length. Excavate bell holes as necessary for 
uniform support of pipe barrel on bedding material. 

 
e. Do not lay pipe in water or on saturated soil or bedding, or allow water to rise in trench 

around pipe prior to placing backfill material. 
 
f. Do not disturb installed pipe and bedding when using movable trench boxes and shields. 

Block or anchor pipe as necessary to prevent joint displacement. 
 
g. Install preformed wye or tee service fitting at each location specified in the contract 

documents. 
 

3. Trenchless. 
Apply Section 3020. 
 

C. Sanitary Sewer Installed within a Casing Pipe. 
Apply Article 3020.03, D, for installation of sanitary sewer within casing pipe. 
 

D. Gravity Main Pipe Jointing. 
 
1. General. 

 
a. Clean joint surfaces to remove soil or foreign material prior to jointing pipe. 
 
b. Assemble joints according to the pipe manufacturer’s recommendations. Use equipment 

that does not apply damaging forces to pipe joints. 
 

2. Polyvinyl Chloride (PVC) Pipe and Polyvinyl Chloride Composite Pipe (truss-type). 
 
a. Coat rubber gasket and joint with soap-based lubricant immediately prior to closing joint. 
 
b. Seal ends of PVC composite and closed profile pipe at manholes with the coating 

recommended by the manufacturer.  
 

3. Reinforced Concrete Pipe (RCP). 
Coat rubber gasket and joint with soap-based lubricant immediately prior to closing joint. 
 

4. Ductile Iron Pipe (DIP). 
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a. Push-on Joint: Coat gasket and joint with soap-based lubricant immediately prior to 
closing joint. 

 
b. Mechanical Joint: Wash plain end, bell socket, and gasket with soap solution. Press 

gasket into socket, set gland, and tighten bolts uniformly. 
 

5. Connections between Dissimilar Pipes. 
 
a. Use manufactured adapters or couplings approved by the Engineer. 
 
b. Where adapters or couplings are not available, the Engineer may authorize use of a Type 

PC-2 concrete collar as shown in the contract documents. 
 

E. Force Main Installation. 
 
1. General. 

Install according to Section 5010. 
 
2. Tracer Wire. 

 
a. Required for all force main installations. Apply Section 5010. 
 
b. Install tracer wire station at each end of the force main and at additional locations 

specified in the contract documents. 
 
c. Bury end of tracer wire station 2 feet (0.6 m) and compact. 
 

F. Sanitary Sewer Service Stubs. 
 
1. Provide sanitary sewer service stubs at locations specified in the contract documents. 
 
2. Install wye or tee for each service connection. 
 

a. Connection of sanitary service to new sewer main, except RCP: 
 

1) Use only factory wye or tees. 
 
2) Install according to the manufacturer's requirements and Articles 4010.02, D, and 

4010.03, D for joints. 
 

b. Connection to existing sewer main and new RCP: 
 

1) Cut sewer main for service tap with hole saw or sewer tap drill. 
 
2) Use preformed saddle wye or saddle tee for service tap. Use a gasketed saddle with 

rigid pipe mains, and a solvent-cemented saddle with PVC mains. 
 
3) Install according to the manufacturer’s requirements, but always with at least two 

stainless steel band clamps. 
 

3. Install service stub from sewer main to a location 10 feet (3 m) beyond the right-of-way line or 
as specified in the contract documents. 

 
a. Install according to Article 4010.03, B. 
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b. Install service stub with a slope between 2% and 5% for 4 inch (100 mm) pipes, and 
between 1% and 5% for 6 inch (150 mm) pipes and greater. 

 
c. Terminate end of service stub 10 to 12 feet (3.0 to 3.6 m) below finished ground elevation 

or as specified in the contract documents. 
 
d. If the depth of the sewer main causes the service to exceed a depth of 12 feet (3.6 m) or 

a slope of 5%, install a service riser. 
 
e. For undeveloped properties, place watertight stopper, cap, or plug in the end of the 

sanitary sewer service.  Mark the end of the service line as specified in the contract 
documents. 

 
f. For reconnection of new service pipe with existing service pipe, comply with the local 

municipality’s plumbing code. 
 

G. Sanitary Sewer Service Relocation. 
 

1. Relocate existing sanitary sewer services that conflict with new storm or sanitary sewer 
installations.  Existing services located within a conflict zone from 6 inches (150 mm) below 
the bottom of the proposed sewer pipe to 2 inches (50 mm) above the top of the proposed 
sewer pipe require relocation. 

 
2. When a conflicting service is encountered: 
 

a. Determine grades and elevations of the existing service and proposed main. 
 
b. Determine the extent of service replacement necessary to relocate the service outside of 

the conflict zone while maintaining a minimum 1% slope on the sewer service. 
 
c. If it is not feasible to maintain a minimum slope of 1% on the relocated service, a special 

design and additional work may be required. Stop work and contact the Engineer. Do not 
remove sewer service unless directed by the Engineer. 

 
d. If service relocation with a minimum slope of 1% is feasible, proceed with removal and 

replacement of the existing sanitary sewer service. 
 

1) Length of replacement varies. Remove the existing service to the extent necessary to 
move the service out of the conflict zone. 

 
2) Use all new materials complying with Article 4010.02, D. 
 
3) Re-install the service according to Article 4010.03, B. 
 
4) Maintain a minimum 1% grade on relocated service. 
 

H. Sanitary Sewer Abandonment. 
 
1. Prior to placing the sewer plug, the Engineer will verify the sewer line is not in use. 
 
2. Construct sewer plug by completely filling the end of the pipe with concrete. Force concrete 

into the end of the pipe for a distance of 16 inches (400 mm), or one half the pipe diameter, 
whichever is greater. 

 
3. If specified in the contract documents, fill the line to be abandoned with flowable mortar or 

CLSM, according to Article 3010.02, E, by gravity flow or pumping. 
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I. Connection to Existing Manhole. 

Apply Article 6010.03, E. 
 

J. Tolerances. 
Apply the following tolerances to utilities installed by open trench construction. For trenchless 
construction, comply with Section 3020. 
 
1. Gravity Main. 

 
a. Do not allow horizontal and vertical alignment of trenched gravity sewer lines to vary from 

design line and grade at any point along the pipe by more than 1% of the inside diameter 
of the pipe or 1/4 inch (6 mm), whichever is larger. 

 
b. This tolerance is allowed for trenched gravity sewer lines only if design line and grade is 

sufficient to prevent backslope when tolerance limits are reached. 
 
c. Reverse slope on gravity pipe is prohibited. Remove and reinstall pipe to proper grade. 
 

2. Force Main. 
Do not allow horizontal and vertical alignment of trenched force mains to vary from design 
line and grade by more than 3 inches (75 mm). 
 

K. Conflicts. 
 
1. General. 

 
a. Provide temporary support for existing water, sewer, gas, telephone, power, and other 

utilities or services that cross the trench. 
 
b. Compact backfill material under existing utility crossing as specified in Section 3010, or 

construct utility line supports where specified in the contract documents or as directed by 
the Engineer. 

 
2. Horizontal Separation of Gravity Sewers from Water Mains. 

 
a. Separate gravity sewer mains from water mains by a horizontal distance of at least 10 

feet (3 m) unless: 
• The top of a sewer main is at least 18 inches (450 mm) below the bottom of the water 

main, and 
• The sewer is placed in a separate trench or in the same trench on a bench of 

undisturbed earth at a minimum horizontal separation of 3 feet (1 m) from the water 
main. 
 

b. When it is impossible to obtain the required horizontal clearance of 3 feet (1 m) and a 
vertical clearance of 18 inches (450 mm) between sewers and water mains, the sewers 
must be constructed of water main materials meeting the requirements of Article 5010.02. 
However, provide a linear separation of at least 2 feet (600 mm). 

 
3. Separation of Sewer Force Mains from Water Mains. 

Separate sewer force mains and water mains by a horizontal distance of at least 4 linear feet 
(1.2 m). 
 

4. Separation of Sewer and Water Main Crossovers. 
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a. Vertical separation of sanitary sewers crossing under any water main should be at least 
18 inches (450 mm) when measured from the top of the sewer to the bottom of the water 
main.  If physical conditions prohibit the separation, the sewer may be placed not closer 
than 6 inches (150 mm) below a water main or 18 inches (450 mm) above a water main. 
Maintain the maximum feasible separation distance in all cases. 

 
b. Where the sewer crosses over or less than 18 inches (450 mm) below a water main, 

locate one full length of sewer pipe of water main material so both joints are as far as 
possible from the water main. The sewer and water pipes must be adequately supported 
and have watertight joints. Use a low permeability soil for backfill material within 10 feet 
(3 m) of the point of crossing. 

 
4010.04 METHOD OF MEASUREMENT. 
 

A. Sanitary Sewer Gravity Main. 
 

1. Trenched. 
Measurement for each type and size of pipe installed in a trench will be in linear feet (meters) 
along the centerline of the pipe from center of manhole to center of manhole. 
 

2. Trenchless. 
Measurement for each type and size of pipe installed by trenchless methods will be in linear 
feet (meters) along the centerline of pipe.  
 

B. Sanitary Sewer Gravity Main with Casing Pipe. 
 

1. Trenched. 
Measurement for each type and size of pipe installed with casing pipe in a trench will be in 
linear feet (meters) along the centerline of the casing pipe from end of casing to end of 
casing.  
 

2. Trenchless. 
Measurement for each type and size of pipe installed by trenchless methods with a casing 
pipe will be in linear feet (meters) along the centerline of the casing pipe from end of casing 
to end of casing.  
 

C. Sanitary Sewer Force Main. 
 

1. Trenched. 
Measurement for each type and size of pipe installed in an open trench will be in linear feet 
(meters) along the centerline of the pipe from the outside wall of the pumping station to the 
center of manhole, or from center of manhole to center of manhole. 
 

2. Trenchless. 
Measurement for each type and size of pipe installed in by trenchless methods will be in 
linear feet (meters) along the centerline of the pipe.  
 

D. Sanitary Sewer Force Main with Casing Pipe. 
 

1. Trenched. 
Measurement for each type and size of pipe installed with casing pipe in a trench will be in 
linear feet (meters) along the centerline of the casing pipe.  
 

2. Trenchless. 
Measurement for each type and size of pipe installed by trenchless methods with a casing 
pipe will be in linear feet (meters) along the centerline of the casing pipe.  



DS-01124, Page 30 of 78 
 

 

 
E. Sanitary Sewer Service Stub. 
 

1. A sanitary sewer service stub is the portion of the sanitary sewer service from the main to a 
point 10 feet (3 m) outside of the right-of-way line or as specified in the contract documents. 

 
2. Measurement for each type and size of pipe will be in linear feet (meters) along the centerline 

of the pipe from the end of the pipe to the centerline of the sewer main. 
 

F. Sanitary Sewer Service Relocation. 
 

1. A sanitary sewer service relocation is the portion of an existing sanitary sewer service in a 
zone of conflict.  

 
2. Each completed relocation will be counted. 
 

G. Sewage Air Release Valve and Pit. 
Each completed installation, including valve, accessories, and pit, will be counted. 
 

H. Removal of Sanitary Sewer. 
Measurement for each type and size of pipe removed will be in linear feet (meters) from end to 
end. 

 
4010.05 BASIS OF PAYMENT. 
 

A. Sanitary Sewer Gravity Main. 
 

1. Trenched. 
 

a. Payment will be at the contract unit price per linear foot (meter) for each type and size of 
pipe. 

 
b. Payment is full compensation for (but is not limited to) trench excavation, dewatering, 

furnishing bedding material, placing bedding and backfill material, wyes and other fittings, 
pipe joints, testing, and inspection. 

 
2. Trenchless. 
 

a. Payment will be at the contract unit price per linear foot (meter) for each type and size of 
pipe. 

 
b. Payment is full compensation for (but is not limited to): 

• Furnishing and installing pipe, 
• Trenchless installation materials and equipment, 
• Pit excavation, dewatering, and placing backfill material, 
• Pipe connections, and 
• Testing and inspection. 

 
B. Sanitary Sewer Gravity Main with Casing Pipe. 
 

1. Trenched. 
 

a. Payment will be at the contract unit price per linear foot for each type and size of sanitary 
sewer pipe. 
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b. Payment is full compensation for (but is not limited to) furnishing and installing both 
sanitary sewer pipe and casing pipe, trench excavation, dewatering, furnishing bedding 
material, placing bedding and backfill material, furnishing and installing annular space fill 
material, casing spacers, pipe connections, testing, and inspection. 

 
2. Trenchless. 
 

a. Payment will be at the contract unit price per linear foot for each type and size of sanitary 
sewer pipe. 

 
b. Payment is full compensation for (but is not limited to): 

• Furnishing and installing both sanitary sewer pipe and casing pipe, 
• Trenchless installation materials and equipment, 
• Pit excavation, dewatering, and placing backfill material, 
• Casing spacers, 
• Furnishing and installing annular space fill material, 
• Pipe connections, and 
• Testing and inspection. 

 
C. Sanitary Sewer Force Main. 
 

1. Trenched. 
 

a. Payment will be at the contract unit price per linear foot (meter) for each type and size of 
pipe. 

 
b. Payment is full compensation for (but is not limited to) trench excavation, dewatering, 

furnishing bedding material, placing bedding and backfill material, wyes and other fittings, 
pipe joints, testing, and inspection. 

 
2. Trenchless. 
 

a. Payment will be at the contract unit price per linear foot (meter) for each type and size of 
pipe. 

 
b. Payment is full compensation for (but is not limited to): 

• Furnishing and installing pipe, 
• Trenchless installation materials and equipment, 
• Pit excavation, dewatering, and placing backfill material, 
• Pipe connections, and 
• Testing and inspection. 

 
D. Sanitary Sewer Force Main with Casing Pipe. 
 

1. Trenched. 
 

a. Payment will be at the contract unit price per linear foot (meter) for each type and size of 
sanitary sewer pipe. 

 
b. Payment is full compensation for (but is not limited to) furnishing and installing both 

sanitary sewer pipe and casing pipe, trench excavation, dewatering, placing bedding and 
backfill material, furnishing and installing annular space fill material, casing spacers, pipe 
connections, testing, and inspection. 

 



DS-01124, Page 32 of 78 
 

 

2. Trenchless. 
 

a. Payment will be at the contract unit price per linear foot (meter) for each type and size of 
sanitary sewer pipe. 

 
b. Payment is full compensation for (but is not limited to): 

• Furnishing and installing both sanitary sewer pipe and casing pipe, 
• Trenchless installation materials and equipment, 
• Pit excavation, dewatering, and placing backfill material, 
• Casing spacers, 
• Furnishing and installing annular space fill material, 
• Pipe connections, and 
• Testing and inspection. 

 
E. Sanitary Sewer Service Sewer Stub. 
 

1. Payment will be made at the contract unit price per linear foot (meter) for each type and size 
of sanitary sewer service stub. 

 
2. Payment is full compensation for (but is not limited to) trench excavation, furnishing bedding 

material, placing bedding and backfill material, tap, fittings, testing, and inspection. 
 

F. Sanitary Sewer Service Relocation. 
 

1. Payment will be made at the contract unit price for each relocation. 
 
2. Payment is full compensation for (but is not limited to) removal of existing pipe, trench 

excavation, furnishing new pipe and bedding material, placing bedding and backfill material, 
connection back to existing service, compaction, testing, and inspection. 

 
G. Sewage Air Release Valve and Pit. 
 

1. Payment will be made at the contract unit price for each sewage air release valve and pit. 
 
2. Payment is full compensation for (but is not limited to) excavation, furnishing bedding 

material, placing bedding and backfill material, compaction, and testing. 
 

H. Removal of Sanitary Sewer. 
 

1. Payment will be at the contract unit price per linear foot (meter) for each type and size of 
pipe. 

 
2. Payment is full compensation for (but is not limited to) removal, disposal, and capping (if 

specified) of pipe. 
 
SECTION 4050 - PIPE REHABILITATION. 
 
4050.01 DESCRIPTION. 
 

A. Pipe Lining: 
 

1. Resin impregnated, cured-in-place. 
 
2. Deformed/reformed polyethylene. 
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3. Folded/formed polyvinyl chloride. 
 
4. Sliplining. 
 

B. Pipe spot repairs. 
 
4050.02 MATERIALS. 
 

A. Polyethylene and Polyolefin Manufactured Pipe for Sliplining. 
 
1. Pipe. 

 
a. Comply with ASTM D 1248, Type III, Class C, Category 5, Grade P 34 or equivalent 

ASTM D 3350 Cell Classification PE 335434C. 
 
b. Maximum outside diameter and SDR as specified in the contract documents. 
 

2. Joints. 
 
a. Joined into continuous length on job site. 
 
b. Fuse butt joints according to the pipe manufacturer’s recommendations with approved 

equipment and complying with ASTM D 2657. 
 

B. Polyvinyl Chloride Pipe (PVC) Manufactured Pipe 12 Inch to 36 Inch (300 mm to 900 mm) 
for Sliplining. 
 
1. Pipe. 

 
a. Comply with ASTM F 949, minimum pipe stiffness, 46 psi (320 kPa). 
 
b. PVC plastic complying with ASTM D 1784, Cell Classification 12454. 
 

2. Joints. 
Gasketed joints complying with ASTM F 477 and ASTM D 3212. 

 
C. Polyvinyl Chloride Pipe (PVC) Manufactured Pipe 21 Inch to 48 Inch (525 mm to 1200 mm) 

for Sliplining. 
 
1. Pipe. 

 
a. Comply with ASTM F 1803, minimum pipe stiffness, 46 psi (320 kPa). 
 
b. PVC plastic complying with ASTM D 1784, Cell Classification 12364. 
 

2. Joints. 
Gasketed joints complying with ASTM F 477 and ASTM D 3212. 

 
D. Centrifugally Cast Fiberglass Reinforced Polymer Mortar Pipe (CCFRPM) 18 Inch to 48 

Inch (450 mm to 1200 mm) for Sliplining. 
 
1. Pipe. 

Comply with ASTM D 3262. 
 
2. Joints. 

Gasketed joints complying with ASTM D 4161. 
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E. Resin-Impregnated Tube for Cured-in-place Pipe (CIPP) Lining. 

 
1. Pipe Lining. 

 
a. Comply with ASTM F 1216. 
 
b. Use one or more layers of flexible needled felt or equivalent non-woven material. 
 
c. Stretch material to fit irregular pipe and negotiate bends. 
 
d. Outside layer plastic coated with a translucent flexible material. No delamination of plastic 

coating. 
 
e. Fabricated to a size that when installed tightly fits length without joints. 
 
f. Designed as per Equation X-1, ASTM F 1216. 
 

2. Resin and Catalyst. 
 
a. Unsaturated, styrene-based, thermoset resin and catalyst system or an epoxy resin and 

hardener that is compatible with the inversion process. 
 
b. Cure in the presence of water with temperature greater than 150ºF (66ºC) and less than 

180ºF (82ºC). 
 
c. Initial structural properties complying with ASTM F 1216. Comply with Table 4050.02-1. 
 

Table 4050.02-1: CIPP Lining Properties 

CIPP Properties ASTM Test 
Method Minimum Value 

Flexural Strength D 790 4500 psi (31 MPa) 

Flexural Modulus of Elasticity D 790 250,000 psi (1724 MPa) 
 

3. CIPP Lining Dimensions. 
 
a. Use nominal internal diameter and length such that CIPP forms to internal circumference 

and length of original pipe. 
 
b. Field verify diameter and length. 
 
c. Use one continuous length without joints. 
 
 
 
 

F. Deformed/Reformed High Density Polyethylene Pipe Lining (DRP-HDPE). 
 
1. Pipe Lining. 

 
a. Manufactured in deformed shape from HDPE pipe compound complying with ASTM D 

1248, Class C, Category 5 and Grade P 34. 
 
b. Comply with long term hydrostatic strength rating of 1600 psi (11 MPa) or more according 

to ASTM D 2837. 
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c. Environmental stress crack resistance (ESCR) less than 2,000 hours in 100% solution, 
Igepal CO-630 at 100ºC before failure according to ASTM D 1693, Condition C. 

 
d. Comply with Table 4050.02-2 for minimum FIPP structural standards. 
 

Table 4050.02-2: DRP-HDPE Lining Properties 

FIPP Properties ASTM Test 
Method Minimum Value 

Flexural Strength D 790 3300 psi (22.75 MPa) 

Flexural Modulus of Elasticity D 790 136,000 psi (938 MPa) 

Tensile Strength D 638 3200 psi (22.1 MPa) 
 

2. DRP Lining Dimensions. 
 
a. Nominal internal diameter and length of existing pipe as specified in the contract 

documents. 
 
b. Field verify diameter and length. 
 
c. Outside diameter fabricated to fit tightly. 
 
d. Use one continuous length without joints between manholes. 
 
e. Minimum wall thickness complying with Standard Dimension Ratio (SDR) as specified in 

the contract documents. 
 

G. Folded/Formed Polyvinyl Chloride Pipe Lining (FFP-PVC). 
 
1. Pipe Lining. 

 
a. Manufacture in deformed shape complying with ASTM D 1784, Cell Classification 12454 

B. Compounds with different cell classifications because one or more properties are 
superior to those specified are acceptable. 

 
b. Performance requirements complying with ASTM D 3034. 
 
c. Comply with Table 4050.02-3 for FPP lining structural properties. 
 

Table 4050.02-3: FFP-PVC Lining Properties 

FIPP Properties ASTM Test 
Method Minimum Value 

Tensile Modulus of Elasticity D 638 350,000 psi (2415 MPa) 

Tensile Strength D 638 6000 psi (41.4 MPa) 
 

2. FPP Lining Dimensions. 
 
a. Nominal internal diameter and length of existing pipe as specified in the contact 

documents. 
 
b. Field verify diameter and length prior to manufacturing. 
 
c. Use one continuous length without joints between manholes. 
 
d. Outside diameter fabricated to fit tightly. 
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e. Minimum wall thickness complying with the specified Standard Dimension Ratio (SDR) as 
specified in the contract documents and complying with ASTM F 1216. 

 
H. Pipe Repair Couplings for Spot Repairs by Pipe Replacement. 

 
1. Style. 

Full circle, fully lined, bolted. 
 

2. Length. 
12 inches (300 mm), minimum. 
 

3. Materials and Manufacturer. 
 
a. Shells, armors, side bars, lugs, Turner lifting bars, bolts, and nuts complying with ASTM 

A 240/A 240M, Type 304 stainless steel. 
 
b. MIG welds, fully passivated. 
 
c. Rubber gasket complying with ASTM D 2000, AA415 with full coverage and a grid 

pattern. 
 
d. Stainless steel armor bonded to gasket to bridge lug area. 
 

4. Nuts and Bolts. 
1/2 inch or 5/8 inch (12.5 mm or 15.9 mm), Teflon coated threads. 
 

I. Sewer Main Pipe (For Spot Repairs). 
 
1. Apply Section 4010. 
 
2. Use materials for pipe replacement as specified in the contract documents or approved by 

the Engineer. 
 

J. Special Requirements for Substitutions. 
Provide as a minimum the following information for evaluation: 

 
a. Product Information. 

 
a. Product name. 
 
b. Year product first available in the United States. 
 
c. Total footage or number of line segments installed in the United States. 
 
d. Results of all available product testing, including but not limited to leakage, physical 

properties, pipe stiffness, chemical resistance, strain-corrosion, external loading, flow 
characteristics, infiltration/inflow reductions, structural capacity, and external hydrostatic 
loading capacity. 

 
e. Samples of before and after product. 
 
f. Design method. 
 
g. Typical lining thickness for pipe sizes included in the project. 
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b. Manufacturer Information. 
 
a. Manufacturer name. 
 
b. Years of experience manufacturing the product. 
 
c. Country of manufacture of all product components. 
 
d. Quality control procedures for product manufacture, including inspection requirements, 

testing procedures, and allowable tolerance levels. 
 
e Related ASTM standards, or other nationally recognized standards for product 

manufacturing. 
 

c. Installer Information. 
 
a. Installer name. 
 
b. Completed project list for last five years including for each project and year completed, 

client name/address/contact person/phone number, footages installed by pipe diameter, 
and number of lateral reinstatements. 

 
c. Detailed installation procedures, including estimated times for each task, lateral 

reinstatement methods, number of required excavations, and other items unique to each 
product. 

 
d. Video of installation process, if available. 
 
e. Evidence of properly trained personnel. 
 
f. Related ASTM standards or any nationally recognized standards for product installation. 
 
g. Available equipment list. 
 
h. Detailed procedures for repairing the product in the event of future damage or failure and 

for tapping future service connections, including required specialized equipment or 
training. 

 
i. Videos of two rehabilitated sewer sections showing before and after conditions. 
 
j. Additional information may be required. The submittal of prequalification information in no 

way implies that the product, manufacturer, or installer will be deemed to be qualified. 
The Contracting Authority, in its sole discretion, will determine whether a product, 
manufacturer, or installer does or does not qualify as an approved equal. 

 
4050.03 CONSTRUCTION. 
 

A. Public Relations Program. 
Establish a Public Information and Notification Program for contacting each home or business 
connected to the affected sanitary sewer, informing them of the work to be done and when the 
sewer will be off line. The following specific steps are part of the Public Information and 
Notification Program: 
 
1. Provide written notice to be delivered to each affected home or business describing work, 

schedule, how the work affects them, and a local telephone number of the Contractor they 
can call to discuss the project or their problems. 
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2. Personally contact each home or business on the day lateral verifications using closed circuit 

video inspection are to be performed. The homeowner or business will be asked to run water 
down their drain to verify each lateral. If the homeowner is unavailable, attempt other 
arrangements (cleanouts) to drain water through the lateral to verify each connection. 

 
3. Provide written notice and personally contact the home or business the day prior to beginning 

inversion of the section of sewer to which they are connected. 
 
4. Personally contact all homes or businesses that cannot be reconnected within the time stated 

in the written notice. 
 
5. Furnish and service portable toilets for use by the home or business occupants if so required 

by any affected served business or homeowner. 
 

B. Special Requirements. 
 
1. Prior to start of work, notify all affected parties 24 hours in advance as to the length of time 

their service will be blocked. 
 
2. Notify the local municipality’s water department to use meter and pay for water, if required. 
 
3. Unless specified otherwise, the local water department will provide water for installation of 

cured-in-place pipe from a nearby hydrant through a separate valve mounted on the hydrant. 
 

C. Examination. 
 

1. Cleaning. 
 
a. Clean and remove soil, grit, debris, and obstructions prior to video inspection or insertion 

of pipe lining, or both. 
 
b. Do not flush debris to downstream sections. 
 
c. Deposit removed material at an approved site. 
 

2. Video Inspection. 
 
a. Furnish the Engineer with a recording of sewers: 1) before the lining process while the 

flow is being bypassed; and 2) after the lining process and service reconnections have 
been completed. 

 
b. Provide an on screen numerical display of the camera location, indexed from the starting 

manhole, in feet (meters). 
 

3. Service and Obstruction Location. 
 
a. Coordinate and cooperate with the Engineer for service and obstruction location. 
 
b. Locate the active sewer services by one of following: 
 

1) Use video inspection to observe service locations, breaks, obstructions, and 
structural failures. 

 
2) Insert a sounding device through the service, noting its location on the ground 

surface. 
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3) Dye testing. 
 

D. Bypassing Sewage. 
 
1. Submit a bypassing plan to the Engineer for review. 
 
2. Plug the line at a point upstream of pipe to be rehabilitated if bypassing is required. 
 
3. Pump flow to a downstream point or adjacent system as directed by the Engineer. 
 

a. Provide pump and bypass lines of adequate capacity to handle all flows. 
 
b. Provide adequate reserve pumps on site for emergency use and for storm flows. 
 

E. Obstructions. 
 
1. Remove all obstructions. 
 
2. If an obstruction is encountered that cannot be removed by equipment operating within the 

pipe, excavate and remove the obstruction upon approval of the Engineer. 
 
3. Place backfill, compact, and restore the surface according to the contract documents. 
 

F. Temporary Sewer Service. 
If full normal sewer service is not re-established within the times stated, provide temporary 
facilities or hotel accommodations for affected residents and businesses. 
 

G. Sliplining. 
 

a. Excavation. 
 
a. For sliplining insertions, excavate at or near one structure and work from the existing 

manhole at the other end of the section to be pulled. 
 
b. Insertion Pit: 
 

1) For sliplining with segmented pipe (one pipe section at a time), construct the insertion 
pit as required to accommodate the length of individual pipe sections. 

 
2) For sliplining with pipe that is to be welded together above ground and pulled into 

sewer, dig a pit length 12 times the inside pipe diameter and slope the pit end back to 
the ground surface at a rate of 2.5 (horizontal) to 1.0 (vertical). 

 
b. Test Head. 

 
a. Pull the pulling head with one short section of sliplining pipe through the sewer before 

inserting the pipe to test for taps or obstructions protruding too far into the sewer. 
 
b. Attach cables to both ends of the test head to allow for removal if an obstruction is 

encountered. 
 

c. Installation. 
Push segmented pipe into the host pipe according to the manufacturer’s recommendations, 
or pull in a continuously welded pipe according to ASTM F 585. 
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d. Service Reconnection. 
 
a. Allow the sliplining pipe to recover according to the manufacturer’s recommendations. 
 
b. Do not leave the sanitary service unconnected for more than 24 hours. 
 
c. Complete reconnections involving excavation of service lines according to the local 

plumbing codes. 
 
d. Reconnect excavated service connections according to the local plumbing code, except 

that the annular space between the host pipe and the sliplining pipe is to be filled with 
grout. 

 
e. Grouting. 

 
a. Before trimming the ends of the pipe and sealing, allow for the pipe to recover its original 

length according to the manufacturer’s recommendations. Recovery time is at least equal 
to the time required to pull the pipe into place. 

 
b. Fill the space between the sliplining pipe and the host pipe with CLSM complying with 

Article 3010.02, E or other material approved by the Engineer. Pump filler in from the 
lower end of the sliplining pipe. 

 
H. Resin Impregnated CIPP Lining. 

 
1. Install according to the manufacturer’s recommendations for this lining process and ASTM F 

1216 unless noted otherwise. 
 
2. Use a resin impregnated tube, hydraulically inverted in place with an approved lubricant, and 

cured-in-place according to ASTM F 1216, Section 7. 
 
3. Make the tube continuous between manholes. The tube may span several manhole reaches 

as allowed by the equipment, properties of the CIPP, and the size and condition of the sewer. 
 
4. Ensure the tube is free of uncured spots, lifts (spots cured away from the sewer), and 

delaminations. Remove and replace deficient sections. 
 
5. Service Reconnections: 
 

a. Do not leave sanitary service unconnected for more than 24 hours. 
 
b. Complete reconnections involving excavation of service lines according to the local 

plumbing code. 
 

I. DRP-HDPE or FFP-PVC Lining Installation. 
Install according to the manufacturer’s recommendations for particular lining material and 
process, unless specified otherwise. 
 
a. Lining Installation. 

 
a. Designate location where insertion is to begin, subject to the Engineer's approval. 
 
b. Transport lining to the site in one continuous length on spools compatible with the 

manufacturer’s designated process. 
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c. Heat lining material at the job site as necessary for insertion. Pull lining into the sewer 
with appropriate pulling heads, cables, and heat distribution equipment. 

 
d Ensure lining is continuous between manholes as allowed by the tensile properties of 

lining and the size and condition of the sewer. 
 
e. Connect fully inserted lining to the heat source distribution equipment. 
 
f. Round and expand by uniformly distributed heat, steam, and pressure and by mechanical 

devices. 
 
g. After lining has been expanded to a tight fit, cool gradually under pressure until the 

process is complete. 
 
h. Provide a continuous pipe lining, without joints, over the entire length of pipe. 
 
i. Ensure the lining is free of all material defects, pits, pinholes, cracks, crazing, folds, or 

unrounded sections. 
 
j. Repair all defects at no additional cost to the Contracting Authority. 
 

b. Service Reconnections. 
 
a. Do not leave sanitary service unconnected for more than 24 hours. 
 
b. Complete reconnections involving excavation of service lines according to the local 

plumbing code. 
 

J. Spot Repairs by Pipe Replacement. 
 
1. Excavate trench according to Section 3010. 
 
2. Remove existing pipe to the extent required and disconnect affected sewer services. 
 
3. Install replacement pipe of the same nominal size as the existing pipe.  
 

a. Use the materials as specified in the contract documents that comply with Section 4010. 
 
b. Place bedding material according to Section 3010. 
 

4. Install pipe repair coupling. 
 
a. Cut pipes to length required allowing no more than a 1/2 inch (13 mm) gap between 

butted pipe ends at coupling location. Cut pipes perpendicular to centerline. 
 
b. Clean the outside surface of the existing and replacement pipes as required to provide a 

positive seal with the pipe repair coupling. 
 
c. Wrap coupling around pipes, centered on butt joint, and tighten bolts according to 

manufacturer’s recommendations. 
 

5. Reconnect sewer services. 
 
6. Place backfill in trench according to Section 3010. 
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K. Cleanup and Closeout. 
 
1. Verify that the services are reconnected and fully operable, with at least 90% of original 

capacity. 
 
2. Submit initial and final video tapes, CDs, or DVDs to the Engineer. 
 
3. Remove all equipment and debris. 

 
4050.04 METHOD OF MEASUREMENT. 
 

A. Pipe Lining. 
Measurement for each type and size of pipe lining will be in linear feet (meters) along the 
centerline of the pipe lining from center of manhole to center of manhole. 
 

B. Building Sanitary Sewer Service Reconnection. 
Each active existing building sanitary sewer service reconnected to the pipe lining, including the 
services reconnected by excavating and reconnecting services or by trenchless reconnection 
methods, will be counted.  
 

C. Spot Repairs by Pipe Replacement. 
Both of the following methods will be specified for measurement of spot repairs by pipe 
replacement: 
 
a. Spot Repairs by Count. 

Each spot repair location will be counted. 
 

b. Spot Repairs by Linear Foot (Meter). 
Measurement will be in linear feet (meters) along the centerline of the replacement pipe. 

 
4050.05 BASIS OF PAYMENT. 
 

A. Pipe Lining. 
 

1. Payment will be made at the contract unit price per linear foot for each type and size of pipe 
lining. 

 
2. Payment is full compensation for removal of internal obstructions, pipe cleaning, inspection, 

and all costs associated with the public information and notification program. 
 

B. Building Sanitary Sewer Service Reconnection. 
 

1. Payment will be made at the contract unit price for each reconnection. 
 
2. Payment is full compensation for (but is not limited to) removal of internal obstructions, pipe 

cleaning, and all costs associated with the public information and notification program. 
 

C. Spot Repairs by Pipe Replacement. 
Both of the following methods will be specified for payment of spot repairs by pipe replacement: 
 
1. Spot Repairs by Count. 
 

a. Payment will be made at the contract unit price for each spot repair. 
 
b. Payment is full compensation for (but is not limited to) uncovering and removing existing 

pipe, placing backfill material for replacement pipe, and restoring the surface. 
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2. Spot Repairs by Linear Foot (Meter). 
 

a. Payment will be made at the contract unit price per linear foot (meter) of spot repair. 
 
b. Payment is full compensation for (but is not limited to) furnishing and installing 

replacement pipe and connections. 
 

SECTION 4060 - CLEANING, INSPECTION, AND TESTING OF SANITARY SEWERS 
 
4060.01 DESCRIPTION. 
 

A. Clean, inspect, and test sanitary sewer gravity mains. 
 
B. Clean, inspect, and test rehabilitated pipe. 

 
4060.02 EQUIPMENT. 
 

A. General. 
Comply with applicable sections of ASTM and other applicable industry standards and codes. 
 

B. Video Inspection. 
 
1. Video Camera: 
 

a. High-resolution color with adjustable iris focus. 
 
b. Pan and tilt capabilities. 
 
c. Integral lighting suitable to provide proper illumination and a clear video image of the 

entire periphery of the pipe. 
 
d. Capable of operating in 100% humidity conditions. 
 
e. Produce a high quality video image. 
 

2. Provide closed circuit video inspection equipment capable of displaying on-screen footage of 
distance measured to within 1% of actual distance.  

 
C. Inspection Reporting. 

Record the inspection in color in the recording media specified by the Engineer. Forward the 
recording to the Engineer. 

 
4060.03 PROCESS. 
Notify the Engineer at least 24 hours prior to performing testing. The Engineer must be present to review 
testing procedures and record results. 
 

A. Cleaning. 
 
1. Clean all sanitary sewers by flushing with high pressure water and removing debris by 

vacuum extraction, and by removing sheeting, bracing, shoring, forms, soil sediment, 
concrete, or other debris.  

 
2. Do not discharge soil sediment or debris to drainage channels, existing storm sewers, or 

existing sanitary sewers. 
 



DS-01124, Page 44 of 78 
 

 

B. Visual Inspection. 
 
1. Check each section of sanitary sewer by lamping. 
 
2. Light should be visible through section of pipe lamped. 
 
3. Visually inspect each run of pipe. 
 
4. Repair or replace defective pipe or joints, or remove and relay pipe not meeting alignment 

tolerances, as directed by the Engineer. 
 

C. Video Inspection. 
 
1. General. 

 
a. Conduct video inspection of all new and rehabilitated sanitary sewers after all backfill and 

compaction operations are completed, but prior to paving. 
 
b. Notify the Engineer the day prior to inspection so the Engineer may be present during the 

inspection.  
 
c. Low spots holding water in excess of 1 inch or 5% of the pipe diameter, whichever is 

less, will be considered unacceptable. 
 
d. If unacceptable low spots exist, as indicated by standing water during video inspection, 

remove and replace sewer as necessary and re-inspect. 
 

2. Inspection Procedure. 
 
a. Prior to video inspection, run sufficient water through the pipe to saturate potential low 

spots so they may be detected during inspection.  
 
b. Inspect each pipe segment between manholes or access points in a single, continuous 

run. Progress through the entire project in a uniform direction. 
 
c. Inspect all lateral connections and other observations at right angles utilizing the pan and 

tilt capabilities of the camera. 
 
d. Center the video camera in the pipe during the inspection. 
 
e. Do not exceed 30 feet (10 m) of inspection per minute. 
 

3. Inspection Reporting. 
 
a. Provide a copy of the video inspection in the recording media specified by the Engineer. 

Include on screen continuous footage, pipe diameter, direction of viewing, and manhole 
and street location references in the recording. Affix labels to the recording media to 
include the name of the project, the date, and the location of the inspection. 

 
b. Provide a written report of the inspection. In the report, include true to scale drawings of 

all sewer defects and observation locations. Reference the time stamp on each line item 
entry on the written report. 

 
D. Sanitary Sewer Leakage Testing. 

Perform one or more of the following tests on new sanitary sewer gravity mains and sanitary 
sewer service stubs. Test sanitary sewer manholes separately as specified in Section 6030. 
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1. Sanitary Sewer Infiltration Testing. 

 
a. Use only where ground water is more than 2 feet (600 mm) above top of pipe at highest 

point in section being tested. 
 
b. Provide documented verification of ground water elevations for no less than 24 hours 

before measurement of infiltration. 
 
c. Measure infiltration in sanitary sewer with a V-notch weir in downstream manhole. 
 
d. The maximum allowable infiltration for new sanitary sewers, including manholes, is 200 

gallons per inch of diameter per mile (19 L per mm of diameter per km) of pipe per day. 
 

2. Sanitary Sewer Exfiltration Testing. 
 
a. General. 

Use an exfiltration test when ground water level is less than 2 feet (600 mm) above top of 
pipe at highest point in section being tested. Sectionalize the test section so the internal 
pressure in the pipe does not exceed 5 feet (1.5 m) of water. 
 

b. Test Procedures. 
 
1) Install a watertight plug in the inlet of the upstream and downstream manholes of 

sewer section being tested. 
 
2) Fill the sewer and upstream manhole with potable water until the water elevation in 

the upstream manhole is 2 feet (600 mm) higher than outside top of pipe in section 
being tested or 2 feet (600 mm) above existing ground water level, whichever is 
highest elevation. 

 
3) Allow the water level to stabilize for 30 minutes, then refill the upstream manhole with 

water to the original level and begin the test. 
 
4) Measure the amount of water lost in the upstream manhole in 1 hour. Use that 

amount to determine exfiltration in a 24 hour period. 
 

c. Exfiltration Rate. 
 
1) Table 2504.03-1 may be used to determine exfiltration in gallons (liters) per 24 hours 

by measuring the loss that occurs in 1 hour. The table is applicable only for 48 inch 
(1200 mm) diameter manholes. 

 
2) The maximum allowable exfiltration for new sanitary sewer, including manholes, is 

200 gallons per inch of diameter per mile (19 L per mm of diameter per km) of pipe 
per day. 

 
Table 4060.03-1: Loss in Gallons (Liters) per 24 Hours for Drop in Water Level per Hour in 48 inch 

(1200 mm) Diameter Manhole (table may be interpolated to the nearest 1/4” (6 mm) drop) 
Drop 0” 1” 2” 3” 4” 5” 6” 7” 8” 9” 

 0 188 376 564 752 940 1128 1316 1504 1692 

 

Drop 
 

0 
mm 25 mm 50 mm 75 mm 100 

mm 
125 
mm 

150 
mm 

175 
mm 

200 
mm 

225 
mm 

 0 712 1423 2135 2845 3558 4267 4982 5693 6405 
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3) For manholes larger than 48 inch (1200 mm) diameter, use the following formula: 
 

English Metric 
G = 0.0816(H)(D2) L = 353.25(H)(D2) 
Where: Where:  

 
G = loss in gallons 
D = diameter of manhole in inches 
H = water level drop in manhole in inches 

 
L = loss in liters  
D = diameter of manhole in mm 
H = water level drop in manhole in mm 

 
3. Sanitary Sewer Low Pressure Air Testing. 

 
a. General. 

 
1) A low pressure air test may be used in lieu of an exfiltration test except as noted. 
 
2) Air test is not recommended when ground water elevation is 2 feet (600 mm) or 

greater above the top of the pipe, and cannot be used when ground water is greater 
than 6 feet (2 m) above the top of the pipe. 

 
3) Use extreme care and follow safety precautions during testing operations. No one is 

allowed in manholes during testing. 
 

b. Test Procedures. 
 
1) Clean the entire line of all debris. Flush or wet line to produce consistent results. 
 
2) Plug all inlets and outlets to resist the test pressure. Special attention must be given 

to stoppers and laterals. 
 
3) Determine the test duration for the section being tested from Table 4060.03-2. This 

table ignores pipe length and uses the factor 0.472×d (1.20×d), with “d” being in 
inches (mm). Pressure holding time is based on average holding pressure of 3.0 psi 
(21 kPa) or drop from 3.5 psi (24 kPa) to 2.5 psi (18 kPa). 

 
Table 4060.03-2: Test Duration 

Size Pipe 
inches (mm) 

Test Period Duration 
(minutes) 

8 (200) 4.0 

10 (250) 5.0 

12 (300) 6.0 

15 (325) 7.0 

18 (450) 8.5 

21 (525) 10.0 

24 (600) 11.5 

27 (675) 13.0 

30 (750) 14.0 

36 (900) 17.0 

42 (1050) 20.0 

48 (1200) 23.0 

54 (1350) 25.5 

60 (1500) 28.5 
 



 DS-01124, Page 47 of 78 
 

 

4) Add air to the line segment being tested until the internal air pressure of the sewer 
line is raised to approximately 4.0 psi (28 kPa) greater than the average back 
pressure of any ground water that may be over the top of the pipe. Pressure in the 
sewer should not exceed 5.0 psi (35 kPa). Allow at least 2 minutes for air pressure to 
stabilize. 

 
5) When pressure has stabilized and is at or above the starting test pressure of 3.5 psi 

(24 kPa), commence the test. Record the drop in pressure for the test period. The 
test may be discontinued when the prescribed test time has been completed, even 
though a 1.0 psi (7 kPa) drop has not occurred. 

 
6) If groundwater level at the time of testing is above the pipe invert, add 0.43 psi of air 

per foot (10 kPa air per meter) of water above the invert to the test air pressure range 
of 2.5 psi (18 kPa) to 3.5 psi (24 kPa) stated above. 

 
7) If the pressure drop exceeds 1.0 psi (7 kPa) during the test period, the test will be 

considered to have failed. Repair and retest the line. 
 

4. Sanitary Sewer Vacuum Testing. 
 
a. General. 

 
1) Vacuum testing may be used in lieu of other specified test methods. 
 
2) Use extreme care and follow safety precautions during testing operations. Keep 

personnel out of and away from manholes during testing. 
 
3) Where practical, clean the pipe prior to testing and wet the pipe surface. Isolate the 

test segment as necessary, including closing service connections. 
 

b. Test Procedures. 
 
1) Determine the test time for the size of pipe being tested using Table 4060.03-3. 
 

Table 4060.03-3: Minimum Test Time 

Nominal Pipe Size 
inches (mm) 

T (time) 
Minutes/100 feet (30 m) of pipe 

4 (100) 0.3 
6 (150) 0.7 
8 (200) 1.2 

10 (250) 1.5 
12 (300) 1.8 
15 (375) 2.1 
18 (450) 2.4 
21 (525) 3.0 
24 (600) 3.6 
27 (675) 4.2 
30 (750) 4.8 
33 (825) 5.4 
36 (900) 6.0 

 
2) Test time is the time required for vacuum to drop from 3.5 psi (24 kPa) to 2.5 psi (18 

kPa). 
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3) Use a vacuum pump with the capacity to evacuate the sewer test section in time 

equal or less than that shown in Table 2504.03-3 for the size of pipe being tested. 
 
4) Evacuate air until the internal air pressure of the sewer line is lowered by 

approximately 4.0 psi (28 kPa). Allow the air pressure to stabilize. 
 
5) When the air pressure is stabilized near the starting test vacuum of 3.5 psi (24 kPa), 

commence the test by allowing gage pressure to drop to 3.5 psi (24 kPa), then 
commence time recording. Record the drop in vacuum for the test period. 

 
6) If the drop in vacuum is 1.0 psi (7.0 kPa) or less during the test period, the test will be 

considered successfully passed. 
 
7) If the drop in vacuum is greater than 1.0 psi (7.0 kPa) during the test period, inspect, 

evaluate, repair, and retest. 
 

E. Deflection Testing. 
 
1. Perform deflection tests on all PVC sanitary sewer pipes. 
 
2. Perform deflection tests after backfill has been in place at least 30 calendar days and before 

paving activity takes place, or as per appropriate sections of these specifications. 
 
3. Pull a 9 arm deflection mandrel complying with applicable ASTM Standards through the 

sewer by hand. 
 
4. Ensure pipe deflection does not exceed 5% of average inside diameter as established by 

ASTM Standards. 
 
5. Remove and replace pipe exceeding deflection limits. 
 
6. Handle and divert existing flows during deflection testing. 
 

F. Force Main Testing. 
 

a. Clean the force main as specified prior to testing. 
 
b. Provide test pumps, test plugs, pipe, and gages. Make necessary piping connections. 
 
c. Fill the force main with potable water and flush before testing to remove entrapped air. 

Other water sources may be used if approved by the Engineer. 
 
d. Insert taps as required to remove air. Plug taps after the completion of tests. 
 
e. Use a test pressure of 1.5 times the working pressure at the lowest point along the test 

section, but no less than 50 psi (350 kPa). 
 
f. Pressurize the test section and allow it to stabilize prior to beginning the leakage test. 
 
g. Pressurize the test section to the specified test pressure and maintain pressure to within 

5 psi (35 kPa) of the test pressure by pumping in potable water as required. 
 
h. Leakage is the quantity of water that must be supplied into the test section to maintain 

pressure within 5 psi (35 kPa) of the specified test pressure during a 2 hour test period. 
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i. The maximum allowable leakage is determined by the following formula: 
 
English Units Metric Units 

(S)(D)(P)0.5 (S)(D)(P)0.5 
L = 

133,200 
 L =

705,150 
 

Where: 
L = allowable leakage, in gallons per hour 
S = length of pipe tested, in feet 
D = nominal pipe diameter, in inches 
P = average test pressure, in pounds per square inch 

Where: 
L = allowable leakage, in liters per hour 
S = length of pipe tested, in meters 
D = nominal pipe diameter, in millimeters 
P = average test pressure in kPa  
  

 
Table 4060.03-4 assumes an average test pressure (P) of 50 psi (350 kPa) and length of 
pipe (S) of 1000 feet (300 meters). 
 

Table 4060.03-4: Maximum Allowable Leakage Rate 

Pipe Diameter Allowable Leakage Rate 

inches mm gallons/hour/ 1000 feet of pipe liters /hour /300 meters of pipe 

4 100 0.21 0.80 

6 150 0.32 1.19 

8 200 0.42 1.59 

10 250 0.53 1.99 

12 300 0.64 2.39 

14 350 0.74 2.79 

16 400 0.85 3.18 
 

j. Examine exposed pipe and fittings during testing. Repair all visible leaks. 
 
k. If the test indicates leakage greater than allowed, locate, repair, or replace damaged or 

defective pipe, and repeat tests until the requirements are met. 
 
4060.04 METHOD OF MEASUREMENT. 
None. 
 
4060.05 BASIS OF PAYMENT. 
Cleaning, inspecting, and testing sanitary sewers and rehabilitated pipes (including video inspection) is 
incidental to other project costs and will not be paid for separately. 

 
 

DIVISION 5. WATER MAINS AND APPURTENENCES 
 
SECTION 5010 - PIPE AND FITTINGS. 
 
5010.01 DESCRIPTION. 
Construct water mains and building service pipes. 
 
5010.02 MATERIALS. 
 

A. Water Main. 
 

1. Polyvinyl Chloride (PVC) Pipe. 
Comply with AWWA C900 or AWWA C905 with gray iron pipe equivalent outside diameters. 
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a. Minimum Wall Thickness. 
 

1) 4 inch (100 mm) through 24 inch (600 mm) sizes: DR 18. 
 
2) Sizes over 24 inch (600 mm): As specified in the contract documents. 
 

b. Joint Type. 
Use push-on joint type, except as otherwise required in the contract documents or as 
authorized by the Engineer. 
 
1) Push-on: According to AWWA C900 or AWWA C905. 
 
2) Integral Restrained Joint: AWWA C900 or AWWA C905 pipe with restraining system 

manufactured integrally into pipe end. 
 
3) Mechanical Restrained Joint: Ductile iron mechanical device designed for joint 

restraint of AWWA C900 or AWWA C905 pipe complying with the requirements of 
ASTM F 1674. 

 
c. Markings on Pipe. 
 

1) Name of manufacturer. 
 
2) Size and class. 
 
3) Spigot insertion depth gauge. 
 
4) National Sanitation Foundation (NSF) seal. 
 

2. Ductile Iron Pipe (DIP). 
 

a. Minimum Thickness Class: 
 

1) 4 inch (100 mm) through 24 inch (600 mm) sizes: Special thickness Class 52 
according to AWWA C151. 

 
2) Sizes over 24 inches (600 mm): As specified in the contract documents. 
 

b. Cement-mortar Lined: Comply with AWWA C104 with asphalt seal coat. 
 
c. External Coating: Asphalt comply with AWWA C151. 
 
d. Joint Type: Use push-on type, except as otherwise required in the contract documents or 

as authorized by the Engineer. 
 

1) Push-on: According to AWWA C111. 
 
2) Mechanical: According to AWWA C111. 
 
3) Restrained, Buried: Pipe manufacturer's standard field removable system. 
 
4) Restrained, in Structures: Restraining gland, flanged or grooved. 
 
5) Flanged: According to AWWA C111. 
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6) Grooved: According to AWWA C606. 
 
7) Gaskets: According to AWWA C111. 
 

e. Markings on Pipe: 
 

1) Name of manufacturer. 
 
2) Size and class. 
 
3) Spigot insertion depth gauge. 
 

3. Prestressed Concrete Cylinder Pipe. 
 

a. Designed and manufactured according to AWWA C301 and C304 to meet the following 
minimum conditions. 

 
1) Internal Pressure: 150 psi (1035 kPa). 
 
2) Earth Loads: Actual trench depth, but not less than 6 feet (1.8 m). 
 
3) Live Loads: HS 20 vehicle over trench. 
 
4) Surge Pressure: Allowance 60 psi (415 kPa). 
 
5) Bedding: Type R2, AWWA C304, Figure 9. 
 
6) Safety Factor: 2.5. 
 

b. Joints: 
 

1) Steel joint rings with rubber gaskets according to AWWA C301. 
 
2) External Joint Filler: Cement mortar with diapers. 
 
3) Outlets: Flanged, according to ANSI B16.1, Class 125, with 1/8 inch (3 mm) minimum 

thickness rubber gaskets. 
 

B. Bolts for Water Main and Fittings. 
Use corrosion resistant bolts. 
 
 
1. Tee-bolts and Hexagonal Nuts for Mechanical Joints. 
 

a. High strength, low alloy steel manufactured according to AWWA C111. 
 
b. Provide ceramic filled, baked on, fluorocarbon resin coating for bolts and nuts. 
 
c. Include factory applied lubricant that produces low coefficient of friction for ease of 

installation. 
 

2. Other Bolts and Nuts. 
 

a. Stainless steel. 
 
b. Ductile iron. 
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c. Zinc, zinc chromate, or cadmium plated. 
 

C. Fittings. 
 

1. For DIP and PVC Pipe. 
 

a. Comply with AWWA C110 (ductile iron or gray iron) or AWWA C153 (ductile iron). 
 
b. Joint Type: 
 

1) For pipe sizes 16 inches (400 mm) and less, use mechanical joint complying with 
AWWA C111. 

 
2) For pipe sizes greater than 16 inches (400 mm), use restrained mechanical joint 

system. Provide follower gland using breakaway torque bolts to engage thrust 
restraint. 

 
a) Minimum pressure rating same as connecting pipe. For fittings between 

dissimilar pipes, the minimum pressure rating is the lesser of the two pipes. 
 
b) Suitable for buried service. 
 
c) Joint restraint system to be field installable, field removable, and re-installable. 
 

3) Use of alternate restraint systems must be approved by the Engineer. 
 

c. Cement mortar lined: Comply with AWWA C104 with asphalt coating. 
 
d. Wall Thickness: Comply with AWWA C153. 
 
e. Gaskets: Comply with AWWA C111. 
 

2. For Prestressed Concrete Cylinder Pipe. 
As required for prestressed concrete cylinder pipe. 
 

3. Flange Adapter. 
 

a. Body: Ductile iron complying with ASTM A 536. 
 
b. End Rings (Follower Rings): Ductile iron complying with ASTM A 536. 
 
c. Gaskets: New rubber compounded for water service and resistant to permanent set. 
 
d. Bolts and Nuts: High strength, low alloy corrosion resistant steel or carbon steel bolts 

complying with ASTM A 307. 
 

4. Pipe Coupling. 
 

a. Center Sleeve (Center Ring): Steel pipe or tubing complying with ASTM A 53/A 53M or 
ASTM A 512, or formed carbon steel with a minimum yield of 30,000 psi (207 MPa). 

 
b. End Ring (Follower Ring): Ductile iron complying with ASTM A 536, or steel meeting or 

exceeding the requirements of ASTM A 576, grade 1010-1020. 
 
c. Gaskets: New rubber compounded for water service and resistant to permanent set. 



 DS-01124, Page 53 of 78 
 

 

 
d. Bolts and Nuts: High strength, low alloy corrosion resistant steel. 
 

D. Concrete Thrust Blocks. 
 

1. Use Class C concrete. 
 
2. Refer to the contract documents for dimensions and installation of thrust blocks. 
 
3. Use for all pipe sizes 16 inches (400 mm) in diameter or smaller when specified. 
 

E. Pipeline Accessories. 
 

1. Polyethylene Wrap. 
 

a. Use on all ductile iron pipe and fittings in buried service. 
 
b. Comply with AWWA C105. 
 
c. Provide tubes or sheets with 8 mil (200 μm) minimum thickness. 
 

2. Tracer System. 
Refer to the contract documents for details. 
 
a. Tracer Wire: #12 AWG solid single copper conductor. 
 

1) Insulation Material: Linear low-density polyethylene (LLDPE) installation suitable for 
direct burial applications. 

 
2) Insulation Thickness: 0.045 inches (1 mm), minimum. 
 

b. Ground Rod: 3/8 inch (10 mm) diameter, 60 inch (1.5 m) steel rod uniformly coated with 
metallically bonded electrolytic copper. 

 
c. Ground-rod Clamp: High-strength, corrosion-resistant copper alloy. 
 
d. Splice Kit: Inline resin splice kit with split bolt for 1 kV and 5 kV. Insulates and seals 

single conductor and unshielded cable splices for direct bury and submersible 
applications. 

 
e.  Tracer Wire Station: Contact the Engineer for requirements. 
 

F. Special Gaskets. 
 

1. For soils contaminated with gasoline, use neoprene or nitrile gaskets. 
 
2. For soils contaminated with volatile organic compounds, use nitrile or fluorocarbon gaskets. 
 
3. For other soil contaminants, contact the Engineer for the required gasket. 
 

G. Water Service Pipe and Appurtenances. 
 

1. Controlling Standards. 
Local plumbing and fire codes. 
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2. Materials (as specified in the contract documents). 
 

a. Copper Pipe. 
 

1) Comply with ASTM B 88/B 88M. 
 
2) Wall Thickness: Type K. 
 

b. DIP. 
As specified in Article 5010.02, A. Polyethylene wrap is required. 
 

c. PVC Pipe. 
ASTM D 1785, SDR 21, Schedule 80, Type S joints. 
 

d. Brass Pipe. 
Red, seamless, according to ASTM B 43. 
 

e. Polyethylene Pipe. 
Class 200, according to AWWA C901. 
 

3. Corporations and Stop Boxes. 
As specified in the contract documents. 
 

H. Non-shrink Grout. 
Comply with Materials I.M. 491.13 
 

I. Casing Pipe. 
Apply Section 3020. 

 
5010.03 CONSTRUCTION. 
 

A. Pipe Installation. 
 
1. General. 

 
a. Do not use deformed, defective, gouged, or otherwise damaged pipes or fittings. 
 
b. Keep trench free of water. Clean pipe interior prior to placement in the trench. 
 
c. Install pipe with fittings and valves to the lines and grades specified in the contract 

documents. 
 
d. Clean joint surfaces thoroughly and apply lubricant approved for use with potable water 

and recommended by the manufacturer. 
 
e. Push the pipe joint to the indication line on the spigot end of the pipe before making any 

joint deflections. 
 
f. Limit joint deflections to one degree less than pipe manufacturer's recommended 

maximum limit. 
 
g. Tighten bolts in a joint evenly around the pipe. 
 
h. Install concrete thrust blocks on all fittings 16 inches (400 mm) in diameter or smaller. For 

fittings larger than 16 inches (400 mm), install restrained joints, and when specified in the 
contract documents, also install concrete thrust blocks. 
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i. Keep exposed pipe ends closed with rodent-proof end gates at all times when pipe 

installation is not occurring. 
 
j. Close the ends of the installed pipe with watertight plugs during nights and non-working 

days. 
 
k. Do not allow any water from the new pipeline to enter the existing distribution system 

piping until testing and disinfection are successfully completed. 
 

2. Trenched. 
 
a. Excavate trench and place pipe bedding and backfill material as specified in Section 

3010. 
 
b. Provide uniform bearing along the full length of the pipe barrel. Provide bell holes. 
 

3. Trenchless. 
Apply Section 3020. 
 

B. Additional Requirements for DIP Installation. 
 
1. Utilize full length gauged pipe for field cuts. Alternatively, field gauge pipe selected for cutting 

to verify the outside diameter is within allowable tolerances. 
 
2. Cut the pipe perpendicular to the pipe barrel. Do not damage the cement lining. Bevel cut the 

ends for push-on joints according to the manufacturer’s recommendations. 
 
3. Encase all pipe, valves, and fittings with polyethylene wrap according to Article 5010.03, E. 
 

C. Additional Requirements for PVC Pipe Installation. 
 
1. Cut the pipe perpendicular to the pipe barrel. Deburr and bevel cut the spigot end of the pipe 

barrel to match the factory bevel. Re-mark the insertion line. 
 
2. When connecting to shallow depth bells, such as on some cast iron fittings or valves, cut the 

spigot end square to remove the factory bevel. Deburr the end and form a partial bevel on the 
end. 

 
D. Additional Requirements for Prestressed Concrete Cylinder Pipe Installation. 

 
1. Install according to AWWA M9. 
 
2. Relieve gasket tension by inserting a small rod between the gasket and the gasket groove 

and running the tool around the pipe twice. 
 
3. Check gasket position using a metal feeler gauge after the joint has been assembled. 
 
4. Complete joint exterior grouting after pipe has been properly positioned using non-shrink 

grout. 
 

E. Polyethylene Encasement Installation. 
 
1. Apply polyethylene encasement to buried ductile iron pipe and to buried fittings, fire hydrants, 

and appurtenances. The polyethylene encasement is used to prevent contact between the 
pipe and the bedding material, but it need not be airtight or watertight. 
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2. Install polyethylene encasement according to AWWA C105, using tubes for flat sheets, and 

the pipe manufacturer’s recommendations. 
 
3. Do not expose the polyethylene encasement to sunlight for long periods before installation. 
 
4. Remove all lumps of clay, mud cinders, and so forth on the pipe surface before encasing the 

pipe. Take care to prevent soil or bedding material from becoming trapped between the pipe 
and polyethylene. 

 
5. Lift polyethylene-encased pipe with a fabric-type sling or padded cable 

 
6. Secure and repair encasement material using polyethylene tape, or replace as necessary. 
 

F. Tracer System Installation. 
 
1. Install with all buried water main piping. Refer to the contract documents for details of tracer 

wire installation. 
 
2. Begin and terminate the system at all connections to existing mains. 
 
3. Install wire continuously along the lower quadrant of the pipe. Do not install wire along the 

bottom of the pipe. Attach wire to the pipe at the midpoint of each pipe length. Use 2 inch (50 
mm) wide, 10 mil (250 μm) thickness polyethylene pressure sensitive tape. 

 
4. Install splices only as authorized by the Engineer. Allow the Engineer to inspect all below 

grade splices of tracer wire prior to placing the backfill material. 
 
5. Install ground rods adjacent to connections to existing piping and at locations specified in the 

contract documents or as directed by the Engineer. 
 
6. Bring two wires to the surface at each fire hydrant location and terminate with a tracer wire 

station. 
 
7. Final inspection of the tracer system will be conducted at the completion of the project and 

prior to acceptance by the owner. Verify the electrical continuity of the system. Repair 
discontinuities. 

 
G. Conflicts 

 
1. General. 

 
a. Provide temporary support for existing water, sewer, gas, telephone, power, and other 

utilities or services that cross the trench. 
 
b. Compact backfill material under existing utility crossing as specified in Section 3010, or 

construct utility line supports where specified in the contract documents or as directed by 
the Engineer. 

 
2. Horizontal Separation of Gravity Sewers from Water Mains. 

 
a. Separate gravity sewer mains from water mains by a horizontal distance of at least 10 

feet (3 m) unless: 
• The top of a sewer main is at least 18 inches (450 mm) below the bottom of the water 

main, and 
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• The sewer is placed in a separate trench or in the same trench on a bench of 
undisturbed earth at a minimum horizontal separation of 3 feet (1 m) from the water 
main. 

 
b. When it is impossible to obtain the required horizontal clearance of 3 feet (1 m) and a 

vertical clearance of 18 inches (450 mm) between sewers and water mains, the sewers 
must be constructed of water main materials meeting the requirements of Article 5010.02. 
However, provide a linear separation of at least 2 feet (600 mm). 

 
3. Separation of Sewer Force Mains from Water Mains. 

Separate sewer force mains and water mains by a horizontal distance of at least 4 linear feet 
(1.2 m). 
 

4. Separation of Sewer and Water Main Crossovers. 
 
a. Vertical separation of sanitary sewers crossing under any water main should be at least 

18 inches (450 mm) when measured from the top of the sewer to the bottom of the water 
main.  If physical conditions prohibit the separation, the sewer may be placed not closer 
than 6 inches (150 mm) below a water main or 18 inches (450 mm) above a water main. 
Maintain the maximum feasible separation distance in all cases. 

 
b. Where the sewer crosses over or less than 18 inches (450 mm) below a water main, 

locate one full length of sewer pipe of water main material so both joints are as far as 
possible from the water main. The sewer and water pipes must be adequately supported 
and have watertight joints. Use a low permeability soil for backfill material within 10 feet 
(3 m) of the point of crossing. 

 
H. Transitions in Piping Systems. 

Where the specified material of a piping system entering or exiting a structure changes, make the 
change at the outside of the structure wall, beyond any wall pipe or wall fitting required, unless 
specified otherwise. 
 

I. Structure Penetrations. 
 
1. Wall Pipes. 

 
a. Install where pipes penetrate and terminate at a wall or floor surface of a concrete 

structure, or where the pipe protrudes through the concrete wall or floor and the 
protrusion is otherwise unsupported. 

 
b. Provide a waterstop flange near the center of the embedment length. The waterstop is to 

be cast integrally with the wall pipe, or fully welded to it around the pipe circumference. 
 

2. Wall Sleeves. 
 
a. Install where a pipe passes through a structure wall. 
 
b. Sleeves in concrete walls are to be supplied with a waterstop collar, fully welded, and 

cast-in-place in the concrete. 
 

J. Water Service Stub. 
 
1. Install water service pipe, corporations, stops, and stop boxes according to the contract 

documents. 
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2. Install 1 inch (25 mm) and smaller corporation valves tapped at 45 degrees above horizontal 
at a minimum distance of 18 inches (0.5 m) from pipe bell, or other corporation. Install 1 1/2 
inch (38 mm) and 2 inch (50 mm) corporation valves tapped horizontal a minimum distance of 
24 inches (600 mm) from pipe bell or other corporation. 

 
3. Construct trench and place backfill material according to Section 3010. 

 
5010.04 METHOD OF MEASUREMENT. 
 

A. Water Main. 
 
1. Trenched. 

Measurement for each type and size of pipe installed in an open trench will be in linear feet 
(meters) along the centerline of the pipe, including the length through the fittings. 
 

2. Trenchless. 
Measurement for each type and size of pipe installed by trenchless methods will be in linear 
feet (meters) along the centerline of the casing pipe.  
 

B. Water Main with Casing Pipe. 
 
1. Trenched 

Measurement for each type and size of pipe with a casing pipe installed in an open trench will 
be in linear feet (meters) along the centerline of the casing pipe from end of casing to end of 
casing.  
 

2. Trenchless. 
Measurement for each type and size of pipe installed by trenchless methods with a casing 
pipe will be in linear feet (meters) along the centerline of the casing pipe.  
 

C. Fittings. 
One of the following methods will be specified for measurement of water main fittings: 
 
1. Fittings by Count. 

Measurement for each type and size of fitting installed as specified in the contract documents 
or as required for proper installation of the water main will be counted.  
 

2. Fittings by Weight. 
Measurement for each type and size of fitting installed as specified in the contract documents 
or as required for proper installation of the water main will be counted. Determine the total 
weight of fittings counted, in pounds (kilograms), based on the standard fitting weights 
published in AWWA C153 for ductile iron compact fittings. 
 

D. Water Service Stubs. 
Each type and size of water service stub from the water main to the stop box will be counted. 

 
5010.05 BASIS OF PAYMENT. 
 

1. Water Main. 
 

a. Trenched. 
 

1) Payment will be the contract unit price per linear foot (meter) for each type and size 
of pipe. 
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2) Payment is full compensation for (but is not limited to) trench excavation, dewatering, 
furnishing bedding material, placing bedding and backfill material, tracer system, 
testing, disinfection, and polyethylene wrap for ductile iron pipe and ductile and gray 
iron fittings. 

 
b. Trenchless. 
 

1) Payment will be the contract unit price per linear foot (meter) for each type and size 
of pipe. 

 
2) Payment is full compensation for (but is not limited to): 

• Furnishing and installing pipe, 
• Trenchless installation materials and equipment, 
• Pit excavation, dewatering, and placing backfill material, 
• Tracer system, 
• Testing, and  
• Disinfection. 

 
2. Water Main with Casing Pipe. 
 

a. Trenched. 
 

1) Payment will be the contract unit price per linear foot (meter) for each type and size 
of water main. 

 
2) Payment is full compensation for (but is not limited to) furnishing and installing both 

water main and casing pipe, trench excavation, dewatering, furnishing bedding 
material, placing bedding and backfill material, casing spacers, furnishing and 
installing annular space fill material, tracer system, testing, and disinfection. 

 
b. Trenchless. 
 

1) Payment will be the contract unit price per linear foot (meter) for each type and size 
of water main. 

 
2) Payment is full compensation for (but is not limited to): 

• Furnishing and installing both water main and casing pipe, 
• Trenchless installation materials and equipment, 
• Pit excavation, dewatering, and placing backfill material, 
• Casing spacers, 
• Furnishing and installing annular space fill material, 
• Tracer system, 
• Testing, and  
• Disinfection. 

 
3. Fittings. 

One of the following methods will be specified for payment of water main fittings: 
 
a. Count. 

Payment will be the contract unit price for each type and size of fitting. Payment is full 
compensation for (but is not limited to) restrained joints and thrust blocks. 
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b. Weight. 

Payment will be made at the contract unit price per pound (kilogram) for each type and 
size of fitting. Payment is full compensation for (but is not limited to) restrained joints and 
thrust blocks. 
 

4. Water Service Stubs. 
 

a. Payment will be made at the contract unit price for each type and size of water service 
stub. 

 
b. Payment is full compensation for (but is not limited to) corporation, service pipe, stop, and 

stop box. 
 

 
DIVISION 6. STRUCTURES FOR SANITARY SEWERS 

 
SECTION 6010 - STRUCTURES FOR SANITARY SEWERS 
 
6010.01 DESCRIPTION. 
 

A. Construct sanitary sewer manholes to provide access to sewer systems for maintenance and 
cleaning purposes. 

 
B. Modify existing manholes as necessitated by other improvements adjacent to the manholes. 

 
6010.02 MATERIALS. 
 

A. Concrete. 
 

1. Precast: Comply with ASTM C 478/C 478M. 
 

2. Cast-in-place: Use Class C concrete. Apply Section 2403 of the Standard Specifications. 
 

B. Reinforcement. 
Comply with Section 2404 of the Standard Specifications. 
 

C. Non-shrink Grout. 
Comply with Materials I.M. 491.13. 
 

D. Precast Riser Joints.  
 

1. Joint Ends. 
 

a. Use tongue and groove ends. 
 
b. If cast-in-place base is used, provide bottom riser with square bottom edge. 
 

2. Joint Sealant. 
 

a. Rubber O-ring or profile gasket, flexible joint, according to ASTM C 443/C 443M. 
 
b. Bituminous Jointing Material: Use a cold-applied mastic sewer joint sealing compound 

recommended by the manufacturer for the intended use and approved by the Engineer. 
Comply with AASHTO M 198. 
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c. Butyl Sealant Wrap: Comply with ASTM C 877/C 877M. 
 

E.  Manhole Top. 
 

1. Capable of supporting HS-20 loading. 
 
2. Use eccentric cone on sanitary sewer manholes unless specified otherwise or allowed. 
 

F.  Base. 
 

1. Circular Manhole: Integral base and lower riser section according to ASTM C 478/C 478M. 
 
2. All Other Manholes: Use precast or cast-in-place concrete base. 
 

G. Pipe Connections.  
 
1. Flexible, Watertight Gasket: Comply with ASTM C 923/C 923M. 
 
2. Non-shrink Grout: Comply with Article 6010.02, C. 
 
3. Waterstop: Provide elastomeric gasket that surrounds pipe and attaches with stainless steel 

bands and is designed to stop the movement of water along the interface between a pipe and 
a surrounding concrete collar. 
 

H. Manhole Adjustment Rings (Grade Rings). 
 

1. Use one of the following methods for grade adjustments of manhole frame and cover 
assemblies: 

 
a. Reinforced Concrete Adjustment Rings. 

Comply with ASTM C 478/C 478M. Provide rings free from cracks, voids, and other 
defects.  
 

b. High Density Polyethylene Adjustment Rings. 
Comply with ASTM D 1248 for recycled plastic. 
 
1) Test and certify material properties by the methods in Table 6010.02-1: 

 
Table 6010.02-1: Test Methods 

Property Test Method Acceptable Value 
Melt Flow Index ASTM D 1238 0.3 to 30 g/10 minutes 

Density ASTM D 792 0.94 to 0.98 g/cm3 

Tensile Strength ASTM D 638 2000 to 5000 lb/in2 (14 to 35 MPa) 
 

2) Do not use polyethylene grade adjustment rings when they are exposed to HMA 
pavement. 

 
3) When used in a single configuration, provide tapered adjustment ring with thickness 

that varies from 1/2 inch to 3 inches (13 mm to 75 mm).  
 
4) Install adjustment rings on clean, flat surfaces according to the manufacturer's 

recommendations with the proper butyl rubber sealant/adhesive. 
 

2. Ensure the inside diameter of the adjustment ring is not less than the inside diameter of the 
manhole frame. 
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3. Construct manholes with the following adjustment ring stack heights: 
 

a. Minimum: 4 inches (100 mm) for new manholes. 
 
b. Maximum: 12 inches (300 mm) for new manholes; 16 inches (400 mm) for existing 

manholes. 
 

I. Castings (Ring, Cover, Grate, and Extensions). 
 

1. Gray Cast Iron. 
Comply with AASHTO M 306.  
 

2. Load Capacity. 
Standard duty unless specified otherwise. 
 
a. Standard Duty: Casting certified for 40,000 pound (18,150 kg) proof-load according to 

AASHTO M 306. 
 
b. Light Duty: Casting certified according to requirements of AASHTO M 306 for a 16,000 

pound (7260 kg) proof-load (HS-20). 40,000 pound (18,150 kg) proof-load is not required. 
 

3. Casting Types. 
 

a. Manholes. 
Refer to the contract documents. 
 

b.  Manhole Casting Extension Ring. 
 

1) Match the dimensions of the existing ring and cover with an allowable diameter 
tolerance of -1/4 inch (6 mm) for the frame ridge and +1/4 inch (6 mm) for the cover 
recess. 

 
2) Provide extension ring with height as required to raise the top of the casting to make 

it level or no more than 1/4 inch (6 mm) below the finished pavement surface. 
Maximum ring height is 3 inches (75 mm). 

 
J. Additional Materials for Sanitary Sewer Manholes. 
 

1. Chimney Seal. 
 

a. External Rubber Seal. 
 

1) Rubber Sleeve and Extension. 
 

a) Corrugated; minimum thickness of 3/16 inches (5mm), according to ASTM C 
923/C 923M. 

 
b) Minimum allowable vertical expansion of at least 2 inches (50 mm). 
 

2) Compression Bands. 
 

a) One-piece band assembly to compress sleeve or extension against manhole and 
casting surfaces. 
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b) 16 gauge ASTM A 240/A 240M, Type 304 stainless steel, minimum 1 inch (25 
mm) width, minimum adjustment range of 4 inches (100 mm) more than the 
manhole outside diameter. 

 
c) For standard two-piece castings, shape top band to lock sleeve to manhole 

frame's base flange. For three-piece adjustable castings, shape top band to lock 
sleeve to upper piece of adjustable frame. 

 
d) Stainless steel fasteners complying with ASTM F 593 and ASTM F 594, Type 

304. 
 

b. Internal Rubber Seal. 
 

1) Rubber Sleeve and Extension. 
 

a) Double pleated, minimum thickness 3/16 inch (5 mm) thick, according to ASTM C 
923/C 923M. 

 
b) Minimum allowable vertical expansion of at least 2 inches (50 mm). 
 
c) Integrally formed expansion band recess top and bottom with multiple sealing 

fins.  
 

2) Expansion Bands. 
 

a) One-piece band assembly to compress sleeve or extension against manhole and 
casting surfaces. 

 
b) 16 gauge ASTM A 240/A 240M, Type 304 stainless steel, minimum 1 3/4 inch 

(45 mm) width, minimum adjustment range of 2 inches (50 mm) more than the 
manhole inside diameter. 

 
c) Stainless steel locking mechanism of studs and nuts complying with ASTM F 593 

and ASTM F 594, Type 304. 
 

2. Riser Section Coating. 
 

a. Exterior: When exterior waterproof coating is specified, provide bituminous or coal tar 
coating.  

 
b. Interior: When interior manhole lining is specified, provide lining according to Article 

4010.02, A (lined, reinforced concrete pipe). 
 

K. Invert. 
 

1. Cast-in-place Base: Provide cast-in-place invert complying with concrete meeting the 
requirements of Section 2403 of the Standard Specifications. 

 
2.  Precast Base Section: Provide a precast invert, unless otherwise allowed by the Engineer. 
 

L. Steps. 
 

1. Provide steps in all circular, precast manholes unless specified otherwise in the contract 
documents. 

 
2. Comply with ASTM C 478/C 478M. 
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3. Manufacture using polypropylene encased steel. 
 

M. Precast Concrete Tee. 
 

1. Tee and Eccentric Reducers.  
Comply with ASTM C 478/C 478M. 

 
2. Composite Tee.  

Refer to the contract documents. May be substituted for pipe diameters less than 48 inches 
(1200 mm).  

 
N. Anchor Bolts. 
 

1. Material: Stainless steel or hot-dipped galvanized. 
 
2. Diameter: Minimum 1/2 inch (13 mm) diameter. 
 
3. Length: As required to pass through adjustment rings and into manhole or intake structure to 

embedment depth recommended by anchor manufacturer. 
 

O. Excavation and Backfill Materials. 
Comply with Section 3010 for bedding and backfill materials. 

 
6010.03 CONSTRUCTION. 
 

A. General Requirements for Installation of Manholes. 
 

1. Excavation. 
Excavate according to Section 3010.  
 

2. Subgrade Preparation. 
 

a. Cut Sections (Undisturbed Soil): Prepare subgrade to accurate elevation required to 
place structure base or subbase. 

 
b. Fill Sections: Compact to 95% of maximum Standard Proctor Density and hand grade to 

accurate elevation required to place structure base or subbase, or install stabilization 
material as directed by the Engineer. 

 
c. Unstable Soil: Install stabilization material as directed by the Engineer. 
 

3. Subbase. 
 

a. Cast-in-place Structures: No subbase material is required. 
 
b. Precast Structures: If precast structure is provided, install 8 inch (200 mm) thick pad of 

Class I bedding material a minimum of 12 inches (300 mm) outside the footprint of the 
structure. 

 
4. Installation of Manhole Structure. 
 

a. Cast-in-place: Apply Article 6010.03, B. 
 
b. Precast: Apply Article 6010.03, C. 
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5. Steps. 
 
a. Uniformly space steps at 12 to 16 inches (300 to 400 mm). 
 
b. Align with vertical side of eccentric top section. 
 
c. Place first step no more than 36 inches (900 mm) from top of casting. 
 

6. Pipes. 
Install and bed pipes and connect to manhole or intake. Install pipe flush with inside wall of 
structure. Place bedding and pipe embedment material according to Section 3010.  
 
a. Cast-in-place Structures. 

Form or core circular opening and install flexible, watertight gasket according to Article 
6010.02, G. Keep void between pipe and manhole section free of debris and concrete. 
 

b. Precast Sanitary Sewer Manholes. 
Connect to structure with flexible watertight gasket according to Article 6010.02, G. Keep 
void between pipe and manhole section free of debris and concrete. 
 

c. Sanitary Sewer Manholes on Existing Pipe. 
Install waterstop according to Article 6010.02, G. 
 

7. Joint Sealant. 
 
a. Install rubber O-ring or profile gasket (precast structures). 
 
b. Apply bituminous jointing material or butyl sealant wrap to exterior of all sanitary sewer 

manhole joints. 
 

8. Invert. 
 
a. Construct manhole invert up to one-half of pipe diameter to produce a smooth half-pipe 

shape between pipe inverts. 
 
b. Shape invert to provide a smooth transition between pipe inverts. 
 
c. Slope invert top toward pipe 1/2 inch per foot (40 mm per meter) perpendicular to flow 

line. 
 
d. Keep void between pipe and structure wall free of concrete. 
 
e. For precast inverts, remove any projections and repair any voids to provide a 

hydraulically smooth channel between ends of pipes. 
 

9. Top Sections. 
Install manhole eccentric cone or flat top section or install intake top. 
 

10. Adjustment Ring(s). 
Bed each concrete ring with bituminous jointing material in trowelable or rope form. Bed each 
polyethylene ring with the manufacturer’s approved product. Do not install more than a total 
ring stack height of 12 inches (300 mm). For greater adjustment, modify lower riser 
section(s). 
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11. Casting. 
Install the type of casting specified in the contract documents and adjust to proper grade. 
Where a manhole is to be in a paved area, adjust the casting to match the slope of the 
finished surface. When specified in the contract documents, attach a casting frame to the 
structure with four anchor bolts. 
 

12. Chimney Seal. 
Install an internal or external rubber chimney seal. 
 
a. Do not use external chimney seal if seal will be permanently exposed to sunlight. 
 
b. Extend seal 3 inches (75 mm) below the lowest adjustment ring. 
 
c. Extend seal to 2 inches (50 mm) above the flange of the casting for a standard two-piece 

casting, or 2 inches (50 mm) above the top of the base section of the casting for an 
adjustable three-piece casting. 

 
d. Use multiple seals, if necessary. 
 
e. Install compression bands (external chimney seal) or expansion bands (internal chimney 

seal) to lock the rubber sleeve or extension into place and to provide a positive watertight 
seal. Once tightened, lock the bands into place. Use only manufacturer recommended 
installation tools and sealants. 

 
13. Backfill and Compaction. 
 

a. Place suitable backfill material after concrete in structure has reached at least 3000 psi 
(21 MPa) compressive strength or 550 psi (3850 kPa) flexural strength. If concrete 
strength is not determined, place backfill at least 14 calendar days after initial concrete 
placement. 

 
b. Place backfill material simultaneously on all sides of walls and structures so the fill is kept 

at approximately the same elevation at all times. 
 
c. Compact the 3 feet (1 m) closest to all walls for wing faces using pneumatic or hand 

tampers only. Ensure proper and uniform compaction of backfill around structure. 
 

B. Additional Requirements for Cast-in-place Concrete Structures. 
 

1. Forms. 
 

a. Apply Article 2403.07, E of the Standard Specifications. 
 
b. Form all cast-in-place manholes on both the inside and the outside face above the base. 

Do not form against excavated earthen surface. 
 

2. Reinforcing Steel. 
 

a. Apply Section 2404 of the Standard Specifications. 
 
b. Lap bars a minimum of 36 diameters, unless specified otherwise in the contract 

documents. 
 
c. Provide a minimum 3 inches (75 mm) of clearance for structure bases and a minimum 2 

inches (50 mm) for walls and tops. 
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3. Concrete Mixing. 
 

a. Apply Article 2403.06 of the Standard Specifications.  
 
b. When using ready-mixed concrete, comply with ASTM C 94/C 94M. 
 

4. Concrete Placing. 
 

a. Apply Article 2403.08 of the Standard Specifications. 
 
b. Do not place concrete when the air temperature is less than 40°F (5º C) without the 

approval of the Engineer. When placement below 40ºF (5ºC) is allowed, apply Article 
2403.11 of the Standard Specifications. 

 
c. Place concrete continuously in each section until complete. Do not allow more than 30 

minutes to elapse between depositing adjacent layers of concrete within each section. 
 
d. Apply Article 2403.09 of the Standard Specifications for concrete vibration. 
 
e. Form 1 1/2 inch by 3 inch (38 mm by 75 mm) keyed construction joints at locations 

shown in the contract documents. 
 
f. Provide a broom finish on portions of structure that are to become part of exposed 

pavement. 
 

5. Stripping and Cleaning. 
 

a. Remove forms for manhole walls and tops according to Article 2403.18 of the Standard 
Specifications. References to culverts include all sanitary structures. When allowed by 
the Engineer, compressive strengths at six times the stated flexural strengths may be 
used in determining concrete strength of structure tops. 

 
b. Finish surfaces according to Article 2403.21 of the Standard Specifications. Give 

exposed surfaces a Class 2 finish. 
 

6. Curing. 
 

a. Apply Article 2403.10. 
 
b. For surfaces visible to the public, use only curing compounds complying with ASTM C 

309, Type 1-D or Type 2. 
 

7. Exterior Loading. 
 

a. Restrict exterior loads on concrete according to Article 2403.19 of the Standard 
Specifications. 

 
b. When allowed by the Engineer, compressive strengths at six times the stated flexural 

strengths may be used. 
 

8. Repairs. 
After visual inspection of the completed manhole or intake, repair honeycomb areas, visible 
leaks, tie holes, or other damage areas. Remove concrete webs or protrusions. 

 
C. Additional Requirements for Precast Concrete Structures. 
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1. Substitutions.  
Precast structures may be substituted for designated cast-in-place structures so long as 
structure is constructed as specified in the contract documents and according to Article 
6010.03, B. 
 

2. Cast-in-place Base. 
 

a. Apply Article 6010.03, B, for placement of concrete. 
 
b. Ensure proper vertical and horizontal alignment of base riser section. 
 

3. Precast Base or Base with Integral Riser Section. 
Place base or base with integral riser section and ensure proper vertical and horizontal 
alignment. 
 

4. Additional Riser Sections. 
Install additional riser sections as required.  
 

5. Lift Holes. 
Install rubber plug in lift holes and cover plug and hole with non-shrink grout. 
 

D. Adjustment of Existing Manhole. 
 

1. Casting Extension Rings. 
 

a. Only install casting extension rings when allowed by the contract documents, and only in 
conjunction with pavement overlays. 

 
b. Install according to the manufacturer’s recommendation and adjust for proper alignment. 
 

2. Minor Adjustment (Adding or Removing Adjustment Rings). 
 

a. Remove casting. 
 
b. Modify adjustment ring stack height by one of the following methods: 
 

1) Add adjustment rings as necessary to adjust existing manhole or intake to finished 
pavement grade or finished topsoil grade, to a maximum ring stack height of 16 
inches (400 mm). Bed each concrete ring with bituminous jointing material. Bed each 
polyethylene ring with manufacturer’s approved product. 

 
2) Remove one or more adjustment rings, as appropriate, to reduce casting elevation. 
 

c. Install new casting on modified adjustment ring stack. Existing casting may be reinstalled 
when allowed by the contract documents. 

 
d. Replace chimney seal using only new materials. 
 

3. Major Adjustment (Adding, Removing, or Modifying Riser or Cone Section).  
When adjustment is greater than can be accomplished through adding or removing 
adjustment rings, a major adjustment will be required. 
 
a. Remove casting. 
 
b. Remove top. 
 



 DS-01124, Page 69 of 78 
 

 

c. Remove and replace or modify existing riser section or top section, or both, as 
appropriate. 

 
d. Install new frame and cover or grate. Existing casting may be reinstalled when allowed by 

the contract documents. 
 
e. Replace chimney seal using only new materials. 
 

E.  Connection to Existing Manhole. 
Core all new openings in existing manholes unless specified otherwise in the contract documents 
or approved by the Engineer. 
 
1. General. 

 
a. Excavate as required. 
 
b. Divert flow as necessary. Obtain approval of the diversion plan from the Engineer. 

Maintain sanitary sewer service at all times unless specified otherwise in the contract 
documents. 

 
c. Carefully core out opening to manhole. Remove existing invert as necessary to install 

pipe at required elevation and develop hydraulic channel. 
 

2. Cored Opening. 
 
a. Insert flexible watertight connector into new opening. 
 
b. Install and tighten internal expansion sleeve to hold flexible connector in place. 
 
c. Insert pipe through flexible connector and tighten external compression ring. 
 
d. Do not grout opening or pour collar for cored opening with flexible connector. 
 

3. Cut and Chipped Opening (Knockout). 
Use only when specified or allowed. 

 
a. Saw opening to approximate dimensions with a masonry saw. Saw to depth sufficient to 

sever reinforcing steel. 
 
b. Remove concrete and expand opening to a diameter at least 6 inches (150 mm) larger 

than the outside diameter of the new pipe. 
 
c. Cut off all reinforcing steel protruding from the structure wall. 
 
d. Remove existing concrete invert as required to accommodate new pipe. 
 
e. Insert pipe into structure and trim end flush with inside wall of structure. 
 
f. Install waterstop around new pipe centered within structure wall. Apply Article 6010.02, J. 
 
g. Fill opening between structure and pipe with non-shrink grout. 
 
h. Construct concrete collar around pipe and exterior manhole opening. 
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1) For new pipes 12 inches (300 mm) or smaller, install two No. 3 steel reinforcing 
hoops in collar around pipe. Pour concrete collar around pipe/structure junction to a 
minimum thickness and width of 6 inches (150 mm). 

 
2) For new pipes larger than 12 inches (300 mm), install two No. 4 steel reinforcing 

hoops in collar around pipe. Pour concrete collar around pipe/structure junction to a 
minimum thickness and width of 9 inches (230 mm). 
 

i. Provide pipe joint, non-shear coupling, or other approved flexible coupling within 2 feet 
(600 mm) of structure wall to allow for differential settlement between the new sewer and 
the structure. 

 
j. Reconstruct structure invert to provide a well defined channel between pipes. 

 
6010.04 METHOD OF MEASUREMENT. 
 

A. Manhole. 
Each type and size of manhole will be counted. 
 

B. Drop Connection. 
Each drop connection will be counted.  
 

C. Casting Extension Rings. 
Each casting extension ring will be counted. 
 

D. Manhole Adjustment, Minor. 
Each existing manhole adjusted to finished grade by addition or removal of adjustment rings or 
adjustment of adjustable casting will be counted.  
 

E. Manhole Adjustment, Major. 
Each existing manhole adjusted to grade by addition or removal of riser, cone or flat top sections, 
or the exchange of existing riser sections with sections having different vertical dimensions will be 
counted.  

 
F. Connection to Existing Sanitary Sewer Manhole. 

Each connection made to an existing sanitary sewer manhole will be counted. 
 
6010.05 BASIS OF PAYMENT. 
 

A. Manhole. 
 

1. Payment will be at the contract unit price for each type and size of manhole.   
 
2. Payment is full compensation for (but is not limited to) excavation, placing bedding and 

backfill material, compaction, base, structural concrete, reinforcing steel, precast units (if 
used), chimney seals, castings, and adjustment rings. 

 
B. Drop Connection. 
 

1. Payment will be at the contract unit price for each drop connection.  
 
2. Payment is full compensation for (but is not limited to) the connection to the manhole and all 

pipe, fittings, concrete encasement, and bedding and backfill material. 
 

C. Casting Extension Rings. 
Payment will be at the unit price for each casting extension ring. 
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D. Manhole or Intake Adjustment, Minor. 
 

1. Payment will be made at the contract unit price for each minor manhole or intake adjustment. 
 
2. Payment is full compensation for (but is not limited to): 

• Removing existing casting and existing adjustment rings, 
• Furnishing and installing adjustment rings, 
• Furnishing and installing new casting, and 
• Installing new chimney seal. 

 
E. Manhole or Intake Adjustment, Major. 
 

1. Payment will be at the contract unit price for each major adjustment.  
 
2. Payment is full compensation for (but is not limited to) 

• Removal of existing casting, adjustment rings, top sections and risers, 
• Excavation, 
• Concrete and reinforcing steel or precast sections, 
• Furnishing and installing new casting, 
• Installing new chimney seal, 
• Placing backfill material, and 
• Compaction. 

 
F. Connection to Existing Sanitary Sewer Manhole. 
 

1. Payment will be at the contract unit price for each sewer connection. 
 
2. Payment is full compensation for (but is not limited to) coring into the existing sanitary sewer 

manhole, pipe connectors, grout, and waterstop (when required). 
 
SECTION 6020 - REHABILITATION OF EXISTING MANHOLES 
 
6020.01 DESCRIPTION. 
Rehabilitate existing sanitary sewer manholes to waterproof and to prevent inflow and infiltration, to 
prevent corrosion, or to reestablish the structural integrity of the manhole. Includes construction of 
structural liners, protective liners, and chimney seals. 
 
6020.02 MATERIALS. 
 

A. Rubber Chimney Seal. 
Apply Article 6010.02, J, for external and internal rubber chimney seals.  

 
B. Urethane Chimney Seal. 

 
1. Use only when specified in the contract documents. 
 
2. Comply with Table 6020.02-4 for the physical properties: 
 

Table 6020.02-4: Physical Properties 

Property ASTM Test Method Acceptable Value 

Elongation D 412 800%, minimum 

Tensile Strength D 412 1150 psi (8 MPa), minimum 

Adhesive Strength D 903 175 lb/in (3 kg/mm), minimum 
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Pressure Resistance C 1244/C 1244M 2 minutes 
 

C. In-Situ Manhole Replacement, Cast-in-place Concrete.  
 
1. Forming System. 

Provide an internal forming system capable of forming a new and structurally independent 
manhole wall within the existing manhole, with the specified thickness and conforming to the 
general shape of the existing manhole. 
 

2. Concrete. 
Type I/II Portland cement with 5/8 inch (16 mm) minus coarse aggregate with fiber 
reinforcement and water reducer, 4000 psi (28 MPa) minimum 28 day compressive strength 
or as approved by the Engineer. 
 

3. Plastic Liner. 
When specified, provide a PVC or PE plastic liner resistant to degradation by sulfuric acid. 
Use a liner capable of being attached to the exterior of the forming system during erection of 
the forms. Use a plastic liner with a ribbed or studded exterior surface suitable for anchoring 
to the newly formed interior wall. 
 

4. Casting. 
Provide new casting. Comply with Article 6010.02, I. 
 

D. Centrifugally Cast Cementitious Mortar Liner with Epoxy Seal. 
 
1. Cementitious Lining. 

 
a. Use a high-strength, high-build, corrosion-resistant mortar, based on Portland cement 

fortified with micro silica. Mixed mortar is to have a paste like consistency that may be 
sprayed, cast, pumped, or gravity-flowed into any area 1/2 inch (13 mm) and larger. 

 
b. Comply with Table 6020.02-5 for physical properties: 
 

Table 6020.02-5: Physical Properties 
Property Value 

Unit Weight 125 pcf  (2000 kg/m3) 

Set Time at 70° F (21º C) ASTM C 403/C 403M 
   Initial Set / Final Set 240 minutes / 440 minutes 

Modulus of Elasticity ASTM C 469 
   24 hours / 28 days 

 
180,000 psi / 1,150,000 psi (1240 MPa / 7930 MPa) 

Flexural Strength ASTM C 293 
   24 hours / 28 days 

 
650 psi / 800 psi (4.5 MPa / 5.5 MPa) 

Compressive Strength ASTM C 109/C 109M 
   24 hours / 28 days 

 
3000 psi / 10,000 psi (21 MPa / 70 MPa) 

Tensile Strength ASTM C 307 600 psi (4 MPa) 

Shear Bond ASTM C 882/C 882M >1000 psi (7 MPa) 

Shrinkage ASTM C 157/C 157M None 

Chloride Permeability ASTM C 1202 <550 Coulombs 
 
c. Use a lining containing a liquid admixture for the prevention of micro-biologically induced 

corrosion. 
 

2. Corrosion-Resistant Epoxy Lining. 
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a. Use a two-component 100% solids epoxy formulated for use in sewer systems. 
 
b. Comply with Table 6020.02-6 for physical properties: 
  

Table 6020.02-6: Physical Properties 
Property Value 

Dry Time 4-6 hours at 75° F (24º C) 

Compressive Strength ASTM D 695 16,800 psi (116 MPa) 

Flexural Strength ASTM D 790 13,900 psi (96 MPa) 

Tensile Strength ASTM D 638 12,400 psi (86 MPa) 

Hardness ASTM D 2240 68-72 Shore D 

Heat Distortion ASTM D 648 220°F (104º C) 

Ultimate Elongation ASTM D 638 4.5 % 

Adhesive Shear ASTM C 882/C 882M 1000 psi (7 MPa) 
 

3. Casting. 
Provide new casting. Comply with Article 6010.02, I. 

 
6020.03 CONSTRUCTION. 

 
A. Submittals. 

 
1. Concrete mix design, if required by the Engineer. 
 
2. Catalog cuts of all mortar mixes, sealants, and liners. 
 

B. Rubber Chimney Seal. 
Comply with Article 6010.03, A. 

 
C. Urethane Chimney Seal. 

 
1. Prepare the surface according to the manufacturer’s recommendations, including 

sandblasting, pressure washing, sealing leaks or gaps, and drying the surface. 
 
2. Apply primer, prepare product, and brush-apply the seal to a minimum thickness of 175 mils 

(4.5 mm), covering 2 inches (50 mm) above the bottom of the frame and the entire 
adjustment ring area to 3 inches (75 mm) below the bottom adjustment ring. 

 
D. In-Situ Manhole Replacement, Cast-in-place Concrete. 

 
1. Preparation. 

Prepare according to the forming system manufacturer's recommendations, including the 
following: 
 
a. Clean the existing surface to remove loose material and debris. 
 
b. Remove existing steps that might interfere with the erection of the forms. 
 
c. Control infiltration that may affect placement of concrete. 
 

2. Installation. 
Install and test according to the forming system manufacturer's recommendations, including 
the following: 
 
a. Place pipe extensions through the structure to maintain flow during installation. 
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b. Erect forms inside the manhole.  Secure the assembled internal forms to prevent shifting 

and to provide sufficient stiffness and strength to prevent collapse. 
 
c. Install a plastic liner when specified. 
 
d. Seal the forms at the bottom of the manhole to ensure the concrete does not enter the 

sewer. 
 
e. Carefully place concrete between the forms and the existing manhole walls.  Place 

concrete from the bottom up to prevent segregation of concrete.   
 
f. Consolidate concrete as required to fill all pockets, seams, and cracks within the existing 

manhole wall. 
 
g.  Remove the forms when the concrete has cured sufficiently. 
 
h. Weld and test joints if a plastic liner is installed. 
 
i. Apply a sealing strip around the circumference of the invert top where it meets the 

vertical wall and around all pipe penetrations to form a waterstop. 
 
j. Overlay the invert top with concrete or high-strength mortar.  Vary thickness from 3 

inches (75 mm) at the wall to 1/2 inch (13 mm) at the edge of the channel.  
 
k. Apply an epoxy lining to the invert top. Apply clean sand to the epoxy to create a non-slip 

surface. 
 
l. Seal the plastic liner to the manhole casting and existing pipe stubs as recommended by 

the manufacturer. 
 
m. Install a new casting. 
 

E. Centrifugally Cast Cementitious Mortar Liner with Epoxy Seal. 
 
1. Surface Preparation. 

Prepare according to the manufacturer’s recommendations, including the following: 
 

a. Wash the interior with a high pressure washer. 
 
b. Plug active leaks with the appropriate sealing material. 
 

2. Mortar Application. 
Apply according to the manufacturer’s recommendations, including the following: 

 
a. Apply with a rotating centrifugal casting applicator, beginning at the bottom of the 

manhole. 
 
b. Retrieve the applicator head at the manufacturer's recommended speed to achieve the 

desired thickness. 
 
c. Apply to the full required thickness utilizing multiple passes as necessary. Minimize the 

time between passes so subsequent passes are cast against fresh mortar. 
 
d. Verify thickness with a wet gauge at several locations to ensure proper depth. 
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e. Hand-apply high-strength mortar to the invert surface. Vary thickness from 3 inches (75 
mm) at the wall to 1/2 inch (13 mm) at the edge of the channel.   

 
3. Epoxy Seal Application. 

Seal according to the manufacturer’s recommendations, including the following: 
 

a. Apply with a rotating centrifugal casting applicator or airless sprayer onto the fresh mortar 
liner. 

 
b. If the epoxy seal is applied more than 24 hours after application of the mortar liner, or if 

the mortar liner is contaminated, clean the liner and then apply the epoxy. 
 

4. Finishing. 
Install a new casting. 

 
6020.04 METHOD OF MEASUREMENT. 
 

A. Rubber Chimney Seal. 
Each rubber chimney seal installed on an existing manhole will be counted.   
 

B. Urethane Chimney Seal. 
Each urethane chimney seal installed on an existing manhole will be counted.   
 

C. In-Situ Manhole Replacement, Cast-in-place Concrete. 
Measurement of the vertical dimension of in-situ manhole replacement will be in feet (meters) 
from the lowest flowline to the top of the rim.  
 

D. In-Situ Manhole Replacement, Cast-in-place Concrete with Plastic Liner. 
Measurement of the vertical dimension of in-situ manhole replacement with plastic liner will be in 
feet (meters) from the lowest flowline to the top of the rim.  
 

E. Manhole Lining with Centrifugally Cast Cementitious Mortar Liner with Epoxy Seal. 
Measurement for depth of the vertical dimension of manhole lining will be in feet (meters) from 
the bottom of the lining to the top of the lining for each liner thickness specified. 

 
6020.05 BASIS OF PAYMENT. 
 

A. Rubber Chimney Seal. 
 

1. Payment will be made at the contract unit price for each chimney seal. 
 
2. Payment is full compensation for (but is not limited to) all necessary compression or 

expansion bands and extension sleeves as necessary to complete chimney seal. 
 

B. Urethane Chimney Seal. 
Payment will be at the contract unit price for each urethane chimney seal. 
  

C. In-Situ Manhole Replacement, Cast-in-place Concrete. 
 

1. Payment will be at the contract unit price per vertical foot (meter). 
 
2. Payment is full compensation for (but is not limited to) handling of sewer flows as required to 

properly complete the installation, invert overlay as recommended by the manufacturer, 
replacement of existing casting with a new casting, and testing the manhole upon completion. 



DS-01124, Page 76 of 78 
 

 

 
D. In-Situ Manhole Replacement, Cast-in-place Concrete with Plastic Liner. 
 

1. Payment will be at the contract unit price per vertical foot (meter). 
 
2. Payment is full compensation for (but is not limited to) handling of sewer flows as required to 

properly complete the installation, invert overlay as recommended by the manufacturer, 
replacement of existing casting with a new casting, sealing at the frame and cover, sealing 
pipe penetrations as recommended by the manufacturer, and testing the manhole upon 
completion.  

 
E. Manhole Lining with Centrifugally Cast Cementitious Mortar Liner with Epoxy Seal. 
 

1. Payment will be at the contract unit price per vertical foot (meter) for each liner thickness. 
 
2. Payment is full compensation for (but is not limited to) the handling of sewer flows during 

lining operations as required to properly complete the installation, and replacement of the 
existing casting with a new casting. 

 
SECTION 6030 - CLEANING, INSPECTION, AND TESTING OF STRUCTURES 
 
6030.01 DESCRIPTION. 
Clean, inspect, and test sanitary sewer manholes and other utility structures. 
 
6030.02 MATERIALS. 
None. 
 
6030.03 PROCESS. 

 
A. Cleaning. 

 
1. Clean all manholes and structures by removing sheeting, bracing, shoring, forms, soil 

sediment, concrete waste, and other debris. 
 
2. Do not discharge soil sediment or debris to drainage channels, existing storm sewers, or 

existing sanitary sewers. 
 

B. Visual Inspection. 
 
1. Examine structure for: 

 
a. Damage. 
 
b. Slipped forms. 
 
c. Indication of displacement of reinforcement. 
 
d. Porous areas or voids. 
 
e. Proper placement of seals, gaskets, and embedments. 
 

2. Verify that the structure is set to true line, grade, and plumb. 
 
3. Verify structure dimensions and thicknesses. 
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C. Repair. 
Apply Article 6010.03, B, 8. 

 
D. Sanitary Sewer Manhole Testing. 

 
1. General. 

 
a. Use vacuum testing for new sanitary sewer manholes, unless exfiltration testing is 

specified in the contract documents. 
 
b. Conduct the final test after manhole construction is complete, all repairs and connections 

have been made, and the invert has been installed. 
 

2. Vacuum Test. 
 
a. Applicable only for new manholes isolated from connecting sewer lines. 
 
b. Use manufactured vacuum test equipment meeting the Engineer’s approval. Follow the 

equipment manufacturer’s recommended procedures throughout, unless directed 
otherwise by the Engineer or these specifications. 

 
c. Use extreme care and follow safety precautions during testing operations. Keep 

personnel clear of manholes during testing. 
 
d. Seal all openings except manhole top access using pneumatic plugs rated for test 

pressures. Install plugs according to the test equipment manufacturer’s 
recommendations. 

 
e. Brace pipe inverts if backfill material has not been placed around connecting pipes. 
 
f. Install the vacuum tester head assembly on the manhole top access, and inflate the seal. 
 
g. Evacuate the manhole to 5 psi (35 kPa). Close the isolation valve and start the test. 

Record the starting time. 
 
h. Maintain vacuum in the manhole for the time indicated in Table 2437.03-1 below for the 

diameter and depth of manhole being tested. 
 
i. Test failure is indicated by vacuum loss greater than 0.5 psi (4 kPa) within the minimum 

test time indicated in Table 6030.03-1 below for the depth and diameter of the manhole 
being tested. 

 
Table 6030.03-1: Minimum Vacuum Test Times for Various Manhole Diameters 

Depth 
feet (m) 

Diameter 
inches (mm) 

 48 (1200) 54 (1350) 60 (1500) 66 (1650) 72 (1825) 
 Time, Seconds 

8 (2.45) 20 23 26 29 33 

10 (3.28) 25 29 33 36 41 

12 (3.66) 30 35 39 43 49 

14 (4.27) 35 41 46 51 57 

16 (4.88) 40 46 52 58 67 

18 (5.49) 45 52 59 65 73 

20 (6.10) 50 53 65 72 81 
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22 (6.71) 55 64 72 79 89 

24 (7.32) 59 64 78 87 97 

26 (7.93) 64 75 85 94 105 

28 (8.54) 69 81 91 101 113 

30 (9.15) 74 87 98 108 121 
 

3. Exfiltration Test. 
 
a. Applicable to new manholes (when specified in the contract documents) or rehabilitated 

manholes. 
 
b. Testing may be performed in conjunction with sanitary sewer line testing. Comply with 

Section 4060. 
 
c. Do not test by this method if water may potentially freeze during the test. 
 
d. Plug the manhole inlet and outlet. 
 
e. Fill the manhole with water to 2 feet (600 mm) above the outside top of the connecting 

pipe. If groundwater is present, fill the manhole to no less than 2 feet (600 mm) nor more 
than 5 feet (1.5 meters) above the groundwater level. Do not fill above the top of the 
standard barrel sections. 

 
f. Mark the water level. 
 
g. Allow water to stand in the manhole for 1 hour, then refill to the original water level and 

begin the test. 
 
h. Determine the allowable drop in water level by using the equation given in Article 

4060.03, F, i. After 1 hour, measure the drop in water level. 
 
i. Test failure is indicated by water loss greater than maximum allowable calculated 

exfiltration. 
 

E. Test Failure. 
If testing fails, reseal the openings, repair the manhole, and retest. An alternate test method 
complying with these specifications may be used for a retest if desired. 

 
6030.04 METHOD OF MEASUREMENT. 
None. 
 
6030.05 BASIS OF PAYMENT. 
Cleaning, inspection, and testing of sanitary sewer structures is incidental to the construction of the 
structure and will not be paid for separately. 
 


