
This master should be used by designers working on Port of Portland construction projects and by designers working for PDX tenants (“Tenants”).  Usage notes highlight a few specific editing choices, however the entire section should be evaluated and edited to fit specific project needs.

SECTION 334100 - STORM UTILITY DRAINAGE PIPING
PART 1 -  GENERAL

1.1 DESCRIPTION
A. This section describes the installation of storm drainage piping and related structures.
1.2 RELATED WORK SPECIFIED ELSEWHERE

A. Section 031100, Concrete Formwork

B. Section 032000, Concrete Reinforcing

C. Section 033000, Cast‑In‑Place Concrete

D. Section 312300, Trenching, Backfilling, and Compacting

1.3 REFERENCES

A. AASHTO:  American Association of State Highway and Transportation Officials
1. AASHTO M36: Standard Specification for Corrugated Steel Pipe, Metallic-Coated, for Sewers and Drains
2. AASHTO M167: Standard Specification for Corrugated Steel Structural Plate, Zinc-Coated, for Field-Bolted Pipe, Pipe-Arches, and Arches
3. AASHTO M190: Standard Specification for Bituminous-Coated Corrugated Metal Culvert Pipe and Pipe Arches
4. AASHTO M196: Standard Specification for Corrugated Aluminum Pipe for Sewers and Drains
5. AASHTO M252: Standard Specification for Corrugated Polyethylene Drainage Pipe
6. AASHTO M294: Standard Specification for Corrugated Polyethylene Pipe, 300- to 1500-mm (12- to 60-in.) Diameter
7. AASHTO MP7: Standard Specification for Corrugated Polyethylene Pipe, 1350 and 1500 mm Diameter
B. ASTM:  American Society for Testing and Materials
1. ASTM A74: Standard Specification for Cast Iron Soil Pipe and Fittings
2. ASTM A746: Standard Specification for Ductile Iron Gravity Sewer Pipe
3. ASTM A760: Standard Specification for Corrugated Steel Pipe, Metallic-Coated for Sewers and Drains
4. ASTM C14: Standard Specification for Nonreinforced Concrete Sewer, Storm Drain, and Culvert Pipe
5. ASTM C33: Standard Specification for Concrete Aggregates
6. ASTM C76: Standard Specification for Reinforced Concrete Culvert, Storm Drain, and Sewer Pipe
7. ASTM C136: Standard Test Method for Sieve Analysis of Fine and Coarse Aggregates
8. ASTM C150: Standard Specification for Portland Cement
9. ASTM C443: Standard Specification for Joints for Concrete Pipe and Manholes, Using Rubber Gaskets
10. ASTM C595: Standard Specification for Blended Hydraulic Cements
11. ASTM C618: Standard Specification for Coal Fly Ash and Raw or Calcined Natural Pozzolan for Use in Concrete
12. ASTM D1056: Standard Specification for Flexible Cellular Materials—Sponge or Expanded Rubber
13. ASTM D2321: Standard Practice for Underground Installation of Thermoplastic Pipe for Sewers and Other Gravity-Flow Applications
14. ASTM D2751: Standard Specification for Acrylonitrile-Butadiene-Styrene (ABS) Sewer Pipe and Fittings
15. ASTM D3212: Standard Specification for Joints for Drain and Sewer Plastic Pipes Using Flexible Elastomeric Seals
16. ASTM D3786: Standard Test Method for Bursting Strength of Textile Fabrics—Diaphragm Bursting Strength Tester Method
17. ASTM D4491: Standard Test Methods for Water Permeability of Geotextiles by Permittivity
18. ASTM D4632: Standard Test Method for Grab Breaking Load and Elongation of Geotextiles
19. ASTM D4751: Standard Test Method for Determining Apparent Opening Size of a Geotextile
20. ASTM F477: Standard Specification for Elastomeric Seals (Gaskets) for Joining Plastic Pipe
C. AWWA: American Water Works Association
1. AWWA C600: Installation of Ductile Iron Water Mains and Their Appurtenances
D. CISPI:  Cast Iron Soil Pipe Institute
E. ODOT:  Oregon Department of Transportation – Standard Specifications
1. ODOT RD 326: Coupling Bands for Corrugated Metal Pipe Types A, B, D, & E
1.4 SUBMITTALS/CERTIFICATIONS

A. Submit certifications showing that materials meet the requirements shown on the drawings and as specified below.

PART 2 -  PRODUCTS

2.1 GROUT

A. Shall be non-shrink, non-ferrous, non-epoxy with a minimum design strength of 5,000 psi in 28 calendar days.

B. Use according to manufacturer’s recommendations.

2.2 ANTI-SEIZE LUBRICANT

A. Bolts associated with storm utility drainage installation shall be applied with anti-seize lubricant such as Never-Seez, or equal, prior to installation.
2.3 CONCRETE DRAINAGE STRUCTURES

A. Construct manholes, catchbasins, and cleanouts as shown on the drawings.

Choose between bracketed items.  (Spec Writer - remember to delete brackets.)
2.4 CONCRETE SEWER PIPE

A. 10-inch and smaller:  Plain, ASTM C14, Class [2] or [3].

B. 12-inch to 21-inch:
Plain, ASTM C14, Class [2] or [3].






Reinforced, ASTM C76, Class [II], [III], [IV], or [V].

C. 24-inch and larger:  Reinforced, ASTM C76, Class [II], [III], [IV], or [V].  The top and bottom of elliptically reinforced pipe shall be clearly marked.

D. 3 1/2 -foot minimum pipe length.

E. Rubber-gasket joints:  Conform to ASTM C443.

F. Plugs:  Provide with rubber gaskets and band in place as a watertight unit capable of resisting the internal pressures created by the testing equipment.

Only use Iron Pipe article if conditions warrant.
2.5 IRON PIPE

Note:  Sizes from 2 inches to 15 inches.

A. Cast Iron Pipe

1. Pipe and fittings:  Conform to ASTM A74.

2. Joints shall be push-on or mechanical.

Note:  Sizes from 4 inches to 54 inches.

B. Ductile Iron Pipe

1. Pipe and fittings:  Conform to ASTM A746.

2. Joints shall be push-on or mechanical.

Choose between bracketed items.  (Spec Writer - remember to delete brackets.)
2.6 CORRUGATED METAL PIPE

A. Galvanized steel pipe

1. Pipe and coupling bands:  Conform to AASHTO M 36 (ASTM A760) Type [I], [IA], or [II].

2. Structural plate for pipe or pipe arches:  Conform to AASHTO M 167.

B. Aluminum Spiral Rib Pipe

1. Pipe and coupling bands:  Conform to AASHTO M 196, Type [I] or [II].

C. Coupling bands joining pipes of dissimilar metals shall be:

1. Rubber gaskets conforming to ASTM D1056, or

2. Bituminous coated, or

3. Provided with a layer of insulation between the pipe and coupling in accordance with ODOT RD 326, Coupling Bands for Corrugated Metal Pipe.

D. Bituminous Coatings

1. Fully coated:  Fully coat inside and outside of pipe with bituminous material to conform to AASHTO M190.  Minimum thickness of bituminous material at crest of corrugations shall be 0.05 inch.

2. Paved invert:  Pave one quarter of pipe circumference with bituminous material to provide a flat invert centered in the bottom of the pipe.  Clearly indicate the centerline by marking the top outside of the pipe on both ends.

2.7 PLASTIC PIPE

A. Acrylonitrile-Butadiene-Styrene (ABS) Pipe

1. Perforated and non-perforated:  Conform to ASTM D2751 with minimum wall SDR of 35.

2. Perforated:  Perforate pipes with 3/8 inch holes, 3 inches on center along the pipe.

a. 4-Inch Pipe:  one row on each side located approximately 45 degrees off the bottom.

b. 6-Inch Pipe:  two rows on each side located approximately 45 degrees off the bottom.

B. Corrugated High Density Polyethylene (HDPE) Pipe

1. 3-inch through 10-inch:  Conform to AASHTO M 252, Type S.

2. 12-inch through 48-inch:  Conform to AASHTO M 294, Types S and D.

3. 54-inch through 60-inch:  Conform to AASHTO MP 7, Types S and D.

4. Perforated:  Perforate pipe with two rows of 3/8 inch holes located approximately 60 degrees off the bottom on each side, spaced 3 inches on center in accordance with AASHTO M 294 and MP 7 Class II.

C. Storm Sewer Couplings

1. For pressure-testable installations:  Couplings shall meet AASHTO M 252, AASHTO M 294, and AASHTO MP 7; gaskets shall meet ASTM F477.

2. 4- to 48-inch couplings shall be watertight and capable of passing ASTM D3212 lab testing at a modified 3.5 psi pressure.  Joints shall remain watertight when subjected to a 1.5 degree axial misalignment.

3. For non-pressure installations (culverts only):  Soil tight couplings and fittings shall meet AASHTO M 252, AASHTO M 294, or AASHTO MP 7.  Gaskets shall meet ASTM F477, be installed at the manufacturer’s facility, and be covered with a removable wrap to ensure gasket is free from debris.  A joint lubricant supplied by the manufacturer shall be used on the gasket and bell during assembly.

D. Fittings

1. Fittings shall conform to AASHTO M 252 or M 294.  Fabricated fittings, where accessible, shall be welded on the interior and exterior at all junctions.

2.8 BEDDING MATERIAL

A. Bedding shall be as specified in Section 312300, Trenching, Backfilling, and Compacting.

2.9 DRAINAGE GEOTEXTILE

A. May be monofilament-woven or non-woven.

B. Split film or slit tape fabrics will not be permitted.

C. Geotextile shall comply with the following requirements:

	Geotextile Property
	Test Method
	Minimum Value

	Grab tensile strength, minimum in each principal direction
	ASTM D4632
	80 lbs.

	Grab elongation
	ASTM D4632
	15 percent

	Burst strength, diaphragm method
	ASTM D3786
	130 psi

	Puncture strength
	ASTM D3786 modified
	35 lbs.

	Apparent opening size (AOS) vs. std. sieve
	ASTM D4751
	No. 70 sieve or smaller opening

	Water permeability
	ASTM D4491
	0.01 cm/sec.


2.10 DRAIN ROCK

A. Shall be free from vegetable matter, lumps, clay, or other objectionable foreign substances.

B. Shall conform to the following gradation when tested in accordance with ASTM C136:

	Sieve Designation
(square openings)
	Percentage by Weight
Passing Sieves

	1 1/2 inch
	100

	1 inch
	90-100

	3/8 inch
	25-60

	No. 4
	5-40

	No. 8
	0-20


2.11 CONTROLLED DENSITY FILL (CDF)

A. Cement shall be Type I or Type II portland cement conforming to ASTM C150 or blended cements conforming to ASTM C595.

B. Aggregates shall be non-expansive or reactive with 100 percent passing a 3/8 inch sieve and less than 10 percent passing the No. 200 sieve.  Aggregate shall meet the requirements of ASTM C33.

C. Fly ash shall conform to ASTM C618, Class F.

D. Mix CDF ingredients as follows (approximate weight per cubic yard):

	Ingredient
	Approximate Weight Per Cubic Yard

	Portland Cement
	100 lbs. (min.)

	Fly Ash
	300 lbs.

	Commercial Sand
	1,200 lbs.

	Commercial Fine Sand
	210 lbs.

	3/8 inch Aggregate
	1,450 lbs.

	Water
	300 lbs. (max)

	Total Air (percent)
	6%

	Mix may include pozzolan.  Slump shall be between 5 and 10 inches.


PART 3 -  EXECUTION

3.1 EXCAVATION AND BACKFILL

A. See Section 312300, Trenching, Backfilling, and Compacting.

3.2 EQUIPMENT

A. Equipment necessary and required for the proper construction of storm sewers shall be in good condition to perform the work.

B. Provide appropriate hoisting equipment to handle pipe in unloading and placing in its final position without damage to the pipe.

C. Provide such hand tampers and pneumatic tampers to obtain the specified compaction of the pipe bed and backfill.

3.3 LAYING PIPE

A. General:

1. Inspect pipe for defects prior to laying.  Replace defective pieces at no added cost to the Port.

2. Lay pipe carefully true to lines and grades on a uniformly firm bed throughout its length.

3. Pipe which shows undue settlement, is not in true alignment, or is damaged shall be taken up and relaid at no added cost to the Port.

4. Carefully clean pipe ends and fittings before laying.  Keep pipe ends plugged prior to making connections.

5. Prevent foreign material (including clothing, tools, debris, etc.) from entering the pipe at all times.

6. Take adequate precautions to prevent any uplift from occurring to pipe during any interruptions in laying.

7. Prepare trench to give pipe full length support.

8. Lower and center pipe in final position.

9. Laying pipe on blocks not permitted.

10. Cut pipe only to remove defective ends, to allow insertion of fittings, or to obtain specified lengths.

11. Anchor bends involving unbalanced pressures with thrust blocks, as shown or directed.

B. Concrete Sewer Pipe:

1. Dig bell holes at joints to permit proper jointing.

2. Lay pipe with bell ends in uphill direction of laying unless directed otherwise.

3. Lubricate gasket and inside surfaces of bell immediately prior to forcing pipe home.

4. Block run to prevent movement or creep of gasketed joints.

C. Corrugated Metal Pipe:

1. Lay with separate sections joined firmly together with coupling bands.

2. Point outside laps of circumferential joints upgrade, with longitudinal laps on the sides.

3. Corrugations of coupling bands shall nest with corresponding pipe corrugations.

4. Draw coupling band up tight to pipe.

5. Place paved or partially lined pipe so that the longitudinal centerline of the paved segment coincides with the flow line.

D. Cast Iron Pipe:  Install in strict accordance to Cast Iron Soil Pipe Institute Standards and Recommendations.

E. Plastic Pipe

1. Install in accordance with ASTM D2321.

Split couplings do not provide a watertight joint.

2. Split Coupling Joints:  Twist or rotate pipe until paint marks on each section line up.

3. O-Ring Joints:  Align joint and push home utilizing a well-lubricated gasket.  Ensure bedding material is not pulled into the bell.

Pipe designed to handle H-20 wheel loads with 12 inches, minimum, of well-compacted cover.  Heavier loads require additional cover.

4. Avoid construction traffic over pipe.

F. Tolerance:  Maximum deviation from true line or grade, as established, shall not exceed 1/2 inch for line and 1/4 inch for grade, provided that such variation does not result in a level or reverse sloping invert.  Measure for grade at the pipe invert, not at the top of the pipe, because of permissible variation in pipe wall thickness.

G. Backfilling:  See Section 312300, Trenching, Backfilling, and Compacting.

H. Perforated Plastic Pipe Underdrain

1. Install in accordance with ASTM D2321 and as shown on the drawings.

2. Lay with perforations facing down, unless otherwise directed.

3. Carefully lower pipe and fittings into the trench to avoid contaminating filter material.

3.4 CONNECTIONS

A. Make connections to existing or proposed structures watertight and smooth for a uniform flow line throughout drainage system.

B. Provide 36-inch diameter or smaller concrete sewer pipes that enter or leave manholes or other structures with flexible joints within 18 inches of the exterior wall.

C. Concrete pipes larger than 36 inches in diameter shall have a flexible joint within a distance from the exterior wall equal to one half the inside pipe diameter.

D. Grout connections.

3.5 UTILITY STRUCTURES

A. Install as shown on the drawings.

3.6 UTILITY WARNING TAPE AND LOCATE WIRE

A. See Section 312300, Trenching, Backfilling, and Compacting.

3.7 STORM SEWER SYSTEM TESTING

A. Notify the Port 48 hours prior to conducting tests.

Backfilling and compaction after testing may damage pipe, pipe alignment, connections, or pipe joints.

B. Test only after all connections, manholes, backfilling, and compaction is complete between the stations to be tested.

C. Flush and clean prior to testing and final acceptance.

In general, the City of Portland does not require storm sewers to be tested as long as they are free of visible leakage.  If system is questionable, the City will require testing.  Storm sewers at PDX should be tested due to the use of de-icing materials.  Check with maintenance at other facilities.

D. Hydrostatic or air test all gravity sewers prior to acceptance.

1. Hydrostatic Test

Concrete pipe should be filled 24 hours prior to testing to allow normal absorption into the pipe wall to take place.

a. Fill with water to a level at least 6 feet above crown of pipe.

0.05 gallons per foot of head above manhole inverts for each manhole included in the test section is allowed.

b. System leakage shall not exceed 0.04 gallons per hour per inch diameter per 100 feet of length.

2. Air Test

For pipe with inside diameters of 36 inches or greater, individual joints may be tested in lieu of testing an entire section.

a. Conform to local jurisdiction requirements.

E. Hydrostatic test all pressure sewers (force mains) in accordance with AWWA C600, unless otherwise directed.

1. Hydrostatic Test

a. Test pressure shall not be less than 1.25 times the working pressure at the highest point along the test section.

b. Test shall be at least 2 hours, minimum, duration.

c. Test pressure shall not vary by more than + 5 psi.

d. Allowable leakage:

L = SD(P)1/2/133, 200

Where:

L = allowable leakage, in gallons per hour

S = length of pipe tested, in feet

D = nominal diameter of pipe, in inches

P = average test pressure during the test, in pounds per square inch

F. Repair or replace equipment, materials, or piping found to be defective and/or unsatisfactory.

3.8 TELEVISION INSPECTION

A. Notify the Port when all sewer construction, repairs, and testing is complete.

B. If required by the local jurisdiction, the Contractor shall perform a television inspection of the sewer at no cost to thePort.

C. Repair all deficiencies revealed by televiewing at no cost to the Port.

3.9 FLUSHING AND CLEANING

A. Clean thoroughly prior to final acceptance.

B. Flush, if directed.

3.10 ABANDONMENT OF EXISTING PIPES, MANHOLES, AND APPURTENANCES

A. Completely remove all pipe indicated on the drawings.  Remove all manholes and appurtenances to an elevation at least 2 feet below subgrade.

B. If approved by the Port, manholes may be abandoned in place.

1. Salvage manhole frames and covers which are suitable for reuse and deliver to a location designated by the Port.

2. Remove cone or top section of manhole and dispose of off Port property.

3. Plug the first 12 inches of all pipe entering manhole with non-shrink grout to provide a watertight seal.  Backfill remainder of manhole with controlled density fill (CDF).

C. If approved by the Port, pipe may be abandoned in place.

1. Completely fill all voids in the abandoned pipe with controlled density fill (CDF).

2. Place fill in pipe utilizing low pressure (5 psi, maximum) grouting equipment.
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