UTILITIES

Wastewater Sewer Systems

Pipes can be made from a variety of materials, including polyvinyl chloride (PVC), acrylonitrile butadiene styrene (ABS), ductile iron, reinforced concrete and vitrified clay to name a few.  Experience with temporary housing missions indicates that plastic pipe works well in most situations.  For temporary housing applications with relatively simple above- and below-ground connections, the easiest to work with would be PVC or ABS piping and fittings with solvent cement joints.  For longer runs of buried pipe connection, PVC or ABS piping with elastomeric gasket joints work well.  Local codes may specify what type of pipe and joint material is preferred and/or required, especially if the sewer will remain in place and be used in the future.

Material used should be designed for gravity wastewater flow applications.  The following are a few acceptable plastic pipe materials for gravity flow situations:

ASTM D3034 Standard Specification for Type PSM Poly(Vinyl Chloride) (PVC) Sewer Pipe and Fittings

ASTM D 2751 Standard Specification for Acrylonitrile-Butadiene-Styrene (ABS) Sewer Pipe and Fittings

ASTM D 2680 Standard Specification for Acrylonitrile-Butadiene-Styrene (ABS) and Poly(Vinyl Chloride) (PVC) Composite Sewer Piping

Solvent cement joints work well with both aboveground pipe connections and buried pipe connections.  Elastomeric gasket joints are often used in buried pipe connections and sewer extensions.

ASTM D 2855 Standard Practice for Making Solvent Cemented Joints with Poly (Vinyl Chloride) (PVC) Pipe and Fittings

ASTM D 2235 Standard Specification for Solvent Cement for Acrylonitrile-Butadiene-Styrene (ABS) Plastic Pipe and Fittings

ASTM D 3212 Standard Specification for Joints for Drain and Sewer Plastic Pipes using Flexible Elastomeric Seals

Underground installation of gravity flow plastic pipe should be trenched, bedded and backfilled according to:

ASTM D 2321 Standard Practice for Underground Installation of Thermoplastic Pipe for Sewers and Other Gravity-Flow Applications

Pipe should be laid below frost depth to protect from freezing.  Aboveground piping should only be used where freezing is not a concern.  Pipes less than 4 inches in diameter should be avoided, except for short lengths of pipe that can be easily accessed if clogging occurs.

To minimize clogging, all gravity flow sewers should be designed and constructed to give mean velocities, when flowing full, of at least 2.0 feet per second.  Use Mannings formula with an “N” value of 0.013 to check flow velocities.  The following chart summarizes sewer size, minimum slope, and flow capacity:

	Sewer Size
	Slope per 100 Feet
	Flow (MGD)

	4 inch
	1.0
	0.19

	6 inch
	0.5
	0.25

	8 inch
	0.4
	0.49

	10 inch
	0.28
	0.75

	12 inch
	0.22
	1.07

	14 inch
	0.17
	1.43

	15 inch
	0.15
	1.61

	16 inch
	0.14
	1.85

	18 inch
	0.12
	2.35

	21 inch
	0.10
	3.23

	24 inch
	0.08
	4.13

	27 inch
	0.067
	5.17

	30 inch
	0.058
	6.37

	33 inch
	0.050
	7.66

	36 inch
	0.046
	9.23


Size of sewers will have to be based on typical wastewater generation rates from the sources present at each temporary housing site, with a peaking factor taken into account.  For a typical household with laundry, the wastewater generation rate is 100 gallons per person per day.  A peaking factor of 4 is used to arrive at a peak rate of 400 gallons per person per day.  Temporary housing sites may not have all of the amenities of a typical home; therefore, the wastewater generation rates may not be as high.  The sources present at each site will determine the design flow rate.  Sinks, showers, toilets, clothes washers, and food preparation areas must be taken into account.  If containerized units were used, the manufacturer would provide typical wastewater generation rates.  The following table has some typical wastewater generation rates:

Typical wastewater generation rates










      Gallons per

Type of establishment



    

    person per day
Airports (per passenger) 





    5

Bathhouses and swimming pools 




  10

Camps

Campground with central comfort stations 


  35

With flush toilets, no showers 



  25

Construction camps (semi-permanent) 


  50

Day camps (no meals served) 



  15

Resort camps (night and day) with limited plumbing 
  50

Luxury camps 






100

Typical wastewater generation rates (cont.)










      Gallons per

Type of establishment



    

    person per day
Cottages and small dwellings with seasonal occupancy 

  75

Country clubs (per resident member) 



100

Country clubs (per nonresident member present) 


  25

Dwellings



Boarding houses 





  50

  (additional for nonresident boarders) 


  10

Rooming houses 





  40

Factories (gallons per person, per shift, exclusive of 

   industrial wastes) 






  35

Hospitals (per bed space) 





250

Hotels with laundry (2 persons per room) 



150

Institutions other than hospitals including

Nursing Homes (per bed space) 



125

Laundries-self service (gallons per wash) 


  30

Motels (per bed space) with laundry 



  50

Picnic parks (toilet wastes only per park user) 


    5

Picnic parks with bathouses, showers and flush 

    toilets (per park user) 





  10

Restaurants (toilet and kitchen wastes per patron) 


  10

Restaurants (kitchen wastes per meal served) 


    3

Restaurants (additional for bars and cocktail lounges) 

    2

Schools

Boarding 






100

Day, without gyms, cafeterias or showers 


  15

Day, with gyms, cafeterias and showers


  25

Day, with cafeterias, but without gyms or showers 

  20

Service stations (per vehicle served) 




    5

Swimming pools and bathouses 




  10

Theaters

Movie (per auditorium seat) 




    5

Drive-in (per car space) 




  10

Travel trailer parks without individual water and 

    sewer hook-ups (per space) 




  50

Travel trailer parks with individual water and sewer

    hookups (per space) 





100

Workers

Offices, schools and business establishments (per shift) 
  15

(Source: Amended at 21 Ill. Reg. 12444, effective August 28, 1997)

(Published in IEPA, Title 35, Subtitle C, Chapter II)

The above flows are average daily flows.  A peaking factor of 4 is typically used to determine the design maximum flow rate.  

Cleanouts or manholes should be provided at all changes in alignment.  Spacing of cleanouts/manholes should be less than 400 feet.

After installation, deflection testing and leakage testing is normally run on buried plastic pipe. 

Sewer connections to kitchen facilities would have to be equipped with an in-line grease trap.  Collected grease could be taken to a renderer for recycling.

If pump stations and force mains are required, different design criteria apply.  Pipes and joints must be pressure rated.  Following are a few acceptable plastic pipe materials for pressure flow situations:

ASTM D 2241 Standard Specification for Poly(Vinyl Chloride) (PVC) Pressure Rated Pipe (SDR Series)

ASTM D 1785 Standard Specification for Poly(Vinyl Chloride) (PVC) Plastic Pipe, Schedules 40, 80, and 120

Following are a few acceptable plastic pipe joints for pressure flow situations:

ASTM F 477 Standard Specification for Elastomeric Seals (Gaskets) for Joining Plastic Pipe

ASTM D 3139 Standard Specification for Joints for Plastic Pressure Pipes Using Flexible Elastomeric Seals

Treatment and Disposal of Wastewater

The simplest and most desirable solution is to connect to the existing publicly-owned sewer system that is tributary to an operational sewage treatment plant .  The existing sanitary sewer and sewage treatment plant will have to be evaluated to determine if the system is functioning properly.  If the system has been damaged by the disaster event, the repair time should be taken into account.  The local sanitary district should be consulted to aid in this determination.

If the existing system is functioning properly, its capacity should be investigated.  The existing sewer system and sewage treatment plant must have adequate reserve capacity to properly convey and treat the wastewater generated at the temporary housing site.  If the existing system is already at its design capacity, any new flows could overwhelm the system.  In this case, connection to the existing system may not be an option.

If connecting to the existing system is not an option, a few other options would be:

On-site holding tank(s) that would be pumped out and the contents hauled to an sewage treatment plant for treatment

On-site package sewage treatment system

Package sewage treatment plants are typically extended aeration-activated sludge.  Plants consist of an outer tank that is compartmentalized into individual treatment tanks (aeration, clarification, disinfection, etc.).  Plants normally treat flow rates between 0.002 to 0.1 mgd.  Treated wastewater would be discharged to a surface water.  An NPDES permit would have to be obtained for the surface water discharge.  A construction permit for the treatment facility may also be required.  A certified operator would be required to be available in case operational problems are encountered.  Sludge would periodically have to be disposed of at a landfill.  

Smaller package plants designed to treat less than 0.02 mgd cost approximately $4 to $6 per gallon of water treated, based on capital costs.  For larger plants, capital costs will be approximately between $2 to $2.50 per gallon of wastewater treated.  Maintenance costs average $350 per year (USEPA, 2000).

Potable Water Supply

The simplest way to obtain potable water is to tie into the existing public distribution system.  Experience indicates that the simplest method is to use plastic pipe to convey water from the public system to the temporary housing site.  

At temporary sites, this type of connection has been accomplished by connecting to an existing fire hydrant by use of an anti-backflow water meter (supplied by local water commission), with pipe running both above and below ground to the housing site.  Service line connections to individual housing units can be done using a variety of flexible and/or rigid piping materials.  If freezing is an issue, the pipe would have to be buried below frost depth or use some form of heat tracing or insulation on the pipe.  

At sites where the water distribution system was to remain in place for future use, local codes were followed.  The local water commission will normally have extensive requirements on design and installation of water distribution systems, including materials, valving, hydrant placement, minimum cover, thrust blocking, meter placement, etc.  

The following are a few acceptable plastic pipe materials for underground potable water supply:

AWWA C900 Polyvinyl Chloride (PVC) Pressure Pipe and Fabricated Fittings, 4 in. Through 12 in. for Water Distribution

ASTM D 2241 Standard Specification for Poly(Vinyl Chloride) (PVC) Pressure Rated Pipe (SDR Series)

Water main quality joints can be either solvent cement or elastomeric seals:

ASTM D 2855 Standard Practice for Making Solvent Cemented Joints with Poly(Vinyl Chloride) (PVC) Pipe and Fittings

ASTM D 3139 Standard Specification for Joints for Plastic Pressure Pipes Using Flexible Elastomeric Seals

All pipe and fittings should be disinfected prior to installation by cleaning the interior of all foreign material and thoroughly swabbing or spraying the interior with a 1-percent hypochlorite solution. AWWA C 651 contains procedures for disinfecting complete systems.

The distribution system should be designed so that adequate pressure exists.  Adequate pressures for residential areas usually range from 40-50 psi.  A pressure of 30 psi is normally considered to be the minimum desirable in any area.  The capacity of the distribution system is determined on the basis of water needs plus fire fighting demands.  Pipe sizes should be selected so that high velocities are avoided.  Once the flow has been determined, pipe sizes can be selected by assuming velocities from 3 to 5 fps (feet per second).  Where fire fighting requirements are to be met, a minimum diameter of 6 inches is recommended. (Viessman, Jr. & Hammer, 1985)

Annual average water use estimates for a typical household range from 75 to 130 gallons per person per day, excluding firefighting requirements.  A peak factor of 3 is used to arrive at 225 to 390 gallons per person per day peak (hourly) usage.  Temporary housing sites may not have all of the amenities of a typical home, so the wastewater generation rates may not be as high.  Typical home use includes drinking, cooking, bathing, toilet flushing, washing clothes and dishes, watering lawns and gardens, maintaining swimming pools and washing cars.

For sites where firefighting requirements must be taken into account, the water requirements can be estimated on a population basis.  The American Insurance Association has recommended the following formula:

Q=1020(P)1/2  (1-0.01(P)1/2)

Where Q is the flow rate in gallons per minute, and P is population in thousands of people (Lindeburg, Sixth Edition, 1995)

Fire hydrants are spaced at a maximum distance of 500 feet.  The actual separation of hydrants can be calculated from standards presented by the Insurance Services Offices standards are presented in the following table:

	Required Fire Flow (gpm)
	Minimum Avg. Area Per Hydrant (sq. ft.)

	1000 or less
	160,000

	1500
	150,000

	2000
	140,000

	2500
	130,000

	3000
	120,000

	3500
	110,000

	4000
	100,000

	4500
	95,000

	5000
	90,000

	5500
	85,000

	6000
	80,000

	6500
	75,000

	7000
	70,000

	7500
	65,000

	8000
	60,000

	8500
	57,500

	9000
	55,000

	10000
	50,000

	11000
	45,000

	12000
	40,000


(Lindeburg, Sixth Edition, 1995)

Water Treatment
If the existing water system has been damaged and is inoperable or no existing system in the is in the vicinity, other options include the following:

1. Truck in water for nonpotable use.  Water can be stored in tanker trucks, piped into a pressure tank, and distributed to the housing units.  This water will not be acceptable for drinking, so bottled water will have to be provided for drinking.

2. Install an on-site package treatment plant.  These plants are most widely used to treat surface water supplies but could also be designed for use with well water.  Package systems are usually designed to treat from 25,000 to 6,000,000 gallons per day.  Conventional package plants contain the “conventional” processes of coagulation, flocculation, sedimentation, and filtration.  Package plants can also provide reverse osmosis, ion exchange, and softening.  These plants arrive on-site fully constructed and ready to use (National Drinking Water Clearinghouse Fact Sheet, Package Plants, 1997).  Discharge of treatment wastes with low pollutant content, such as filter backwash, may be able to be discharged to the sanitary sewer system.  Other wastes with high pollutant concentration, such as clarifier sludge blowdown, will have to be managed in a different manner, such as landfilling.  Disposal of treatment wastes should be coordinated with local authorities.  A certified operator would be required to be available in case operational problems are encountered.

3. Install individual treatment units at each temporary housing unit.  For small temporary housing sites, individual treatment units may be less costly to buy and easier to install and maintain than a package plant.  These systems are available from a large number of manufacturers, and most treatment technologies can be used.  (USEPA, 1994)

All drinking water solutions should receive all necessary Federal, State and local approvals prior to design and installation.  Water should be tested and certified as potable before allowing human consumption.

Sewer/Water Main Separation

The water mains must be protected from contamination by leaking sewer lines.  The following are generally accepted separation requirements.  Local codes should be checked for more stringent requirements.  These requirements apply to typical underground construction of sewer/water lines.  Past temporary housing sites with aboveground water and sewer lines were not required to meet these requirements because leaks in the aboveground pipes could be easily noticed and repaired, reducing the concern for cross-contamination.  Buried lines, especially lines that will remain in place and be used in the future, should meet the separation requirements. 

Horizontal and Vertical Separation

Whenever possible, a sewer must be at least 10 feet horizontally from any water main.

If local conditions exist that would prevent a lateral separation of 10 feet, a sewer may be closer provided that the water main invert is at least 18 inches above the crown of the sewer and is either in a separate trench or in the same trench on an undisturbed earth shelf located to one side of the sewer.

If it is impossible to obtain proper horizontal and vertical separation as described above, the sewer shall be constructed of materials and with joints that are equivalent to water main standards of construction and shall be pressure tested to assure water tightness prior to backfilling.

Crossings

Water mains crossing above sanitary sewers shall be laid to provide a separation of at least 18inches between the bottom of the water main and the top of the sewer.  If this separation cannot be provided, the following shall apply:

Sewers passing under water mains shall be constructed of materials equal to water main standards of construction for a distance of at least 10 feet on either side of the crossing.

Water mains passing under sewers shall be protected as follows:

1. Vertical separation of at least 18 inches between the bottom of the sewer and the top of the water main, and

2. The sewer shall be constructed of materials equal to water main standards of construction for a distance of at least 10feet on either side of the crossing.

Permits

Local authorities should be contacted to determine what permits that would be required.  Some normal permit requirements could be waived or expedited during a disaster event.  Permits that may be necessary include:

Construction and operating permit for sanitary sewer

Construction permit for sewage treatment plant

Operating permit (NPDES) for sewage treatment plant (discharge to surface waters)

Permit for disposal of sewage sludge

Construction and operating permit for water distribution and treatment facility

Permit for disposal of water treatment wastes and sludges

Permit for disposal of grease trap waste

NPDES stormwater permit for all construction sites that disturb 1 or more acres of total land area

In addition, local authorities may require work to be inspected and approved prior to use.
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Temporary Housing

Planning Response Team (PRT)

Design / Utility Checklist

	Site Name:  

	Site Location:  
	Date:  

	Projected # of Units:

	


	Utility Co.
	Company/POC Name
	Phone Number
	Fax
	E-Mail/Remarks

	Water
	
	
	
	

	Wastewater
	
	
	
	

	Electrical
	
	
	
	

	Telephone
	
	
	
	

	Cable TV
	
	
	
	

	Gas Co.
	
	
	
	

	Gas Installer
	
	
	
	Licensed in State

	City Engineer
	
	
	
	

	County Inspector
	
	
	
	

	Surveyor
	
	
	
	


	(
	Item
	Responsibility

	
	
	COE/ Contractor
	City
	Utility Company

	
	WATER
	
	
	

	
	Plumbing Code Requirements Identified
	
	
	

	
	
Waivers 
( Required
( Obtained
	
	
	

	
	Existing Water Lines Located
	
	
	

	
	Available Main(s) 
Size
	
	
	

	
	
Material
	
	
	

	
	
Pressure
	
	
	

	
	
Flow
	
	
	

	
	Water Storage Necessary? 
( Yes
( No
	
	
	

	
	Type of  Metering
	
	
	

	
	
( None
( Master for Site
( Individual Unit
	
	
	

	
	

	
	
	

	
	Meters Purchased From:
	
	
	

	
	
( Water Authority
( Supplier


	
	
	

	
	Water Main Tap In Connection Responsibility:
	
	
	

	
	Tap in Fee?
( Yes
( No

	
	
	




	(
	Item
	Responsibility

	
	
	COE/ Contractor
	City
	Utility Company

	
	
	
	
	

	
	Local Health Authority Approval?  
( Yes
( No
	
	
	

	
	POC:  
Phone:
	
	
	

	
	
	
	
	

	
	Fire Protection Considerations
	
	
	

	
	Fire Protection Needs Coordinated? 
( Yes
( No
	
	
	

	
	POC:  
Phone:
	
	
	

	
	
	
	
	

	
	Fire Protection Standard Used:  ( NFPA #501A
( Local
	
	
	

	
	Other Fire Protections Requirements Identified?
	
	
	

	
	
	
	
	

	
	Hydrant Requirements
	
	
	

	
	______Maximum Distance Between Hydrants
	
	
	

	
	______Connection Sizes
	
	
	

	
	______Thread Size
	
	
	

	
	
	
	
	

	
	Available Pressure and Volume Adequate to meet Fire Needs?
	
	
	

	
	
( Yes
( No
	
	
	

	
	
	
	
	

	
	WASTEWATER
	
	
	

	
	Plumbing Code Requirements Identified?
	
	
	

	
	
Waivers 
( Required
( Obtained
	
	
	

	
	
	
	
	

	
	Existing Sewer Lines Located
	
	
	

	
	Available Collector(s)
Size
	
	
	

	
	
Material
	
	
	

	
	

Capacity

	
	
	

	
	
	
	
	

	
	Lift Station(s) Necessary?
( Yes
( No
	
	
	

	
	
	
	
	

	
	Holding Tank Necessary 
( Yes
( No
	
	
	

	
	
	
	
	

	
	On-site Treatment Necessary?
( Yes
( No
	
	
	

	
	
Approving Authorities:
	
	
	

	
	
Agency:
POC:
	
	
	

	
	


Phone:
	
	
	

	
	
Approval Secured in Writing? 
( Yes
( No
	
	
	

	
	
	
	
	

	
	Other Permits Required for Treatment Facility (define):
	
	
	

	
	
	
	
	

	
	Physical Sewer Tap-In Responsibility:
	
	
	

	
	
Tap in Fee?
( Yes
( No

	
	
	

	
	
	
	
	

	
	Local Health Authority Approval?  ( Yes
( No
	
	
	

	
	
POC:  
Phone:
	
	
	


	(
	Item
	Responsibility

	
	
	COE/ Contractor
	City
	Utility Company

	
	ELECTRICAL
	
	
	

	
	Applicable Electrical Code Identified
	
	
	

	
	
Code
( National
( Local
	
	
	

	
	
	
	
	

	
	Certified Electrical Inspections Required? 
( Yes
( No
	
	
	

	
	
	
	
	

	
	Type of Electrical Service
( Overhead
( Underground
	
	
	

	
	
	
	
	

	
	Service for Package Sewer Plant Required? 
( Yes
( No
	
	
	

	
	Service for Lift Station Required? 


( Yes
( No
	
	
	

	
	Available:
( Single-Phase
( Three-Phase
	
	
	

	
	
	
	
	

	
	Local Electrical to Provide Electrical Design for Corps Site Plan.
	
	
	

	
	
( Primary Line Locations
	
	
	

	
	
( Secondary Service Locations

	
	
	

	
	
( Transformer Locations
	
	
	

	
	
( Street Light Locations
	
	
	

	
	
	
	
	

	
	Street Lighting Unit Selected
	
	
	

	
	Individual Site Meter Posts
	
	
	

	
	Coordination of Electrical with Utility Excavator
	
	
	

	
	
	
	
	

	
	TELEPHONE
	
	
	

	
	Type of Telephone Service
( Overhead
( Underground
	
	
	

	
	Telephone Line Placement Coordinated with Power Company
	
	
	

	
	
	
	
	

	
	CABLE TV
	
	
	

	
	Cable TV Distribution to be Provided?
( Yes
( No
	
	
	

	
	The local cable TV company should be advised on the need for coordination of cable installations when the utility trench is open.
	
	
	

	
	
	
	
	

	
	GAS
	
	
	

	
	Gas Service Required for Site? 

( Yes
( No
	
	
	

	
	Type of Service:
( Natural Gas
( Bottled LP
	
	
	

	
	
	
	
	

	
	Existing Gas Mains Located
	
	
	

	
	Available Main(s) 
Size
	
	
	

	
	
Material
	
	
	

	
	
	
	
	

	
	Gas Meter Specifications Identified? 
( Yes
( No
	
	
	

	
	
	
	
	

	
	Gas Line Tap In Connection Responsibility:
	
	
	

	
	

( Local Gas Co
( Corps Contractor
	
	
	

	
	Tap in Fee?
( Yes
( No

	
	
	

	
	Local LP Supplier(s) Identified and Contacted
	
	
	




	(
	Item
	Responsibility

	
	
	COE/ Contractor
	City
	Utility Company

	
	SOLID WASTE
	
	
	

	
	Type of Collection to be Provided for Mobile Home Sites
	
	
	

	
	
( None


	
	
	

	
	
( Centrally Located Dumpsters
	
	
	

	
	
( Individual Pickup at Each Residence
	
	
	

	
	
	
	
	

	
	Pad Requirements for Central Dumpster Sites
	
	
	

	
	_____  Number of Separate Dumpster Sites
	
	
	

	
	
( Graveled Pad 


	
	
	

	
	
( Asphalt Pad
	
	
	

	
	
( Concrete Pad
	
	
	

	
	
( Fenced Enclosure Required.  Type:
	
	
	

	
	
	
	
	

	
	Temporary Onsite Storage Required? 
( Yes
( No
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E-17
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