LARGE COMMUNITY SUBSURFACE SYSTEM ENGINEERING SUBMITTAL

EPD Project Number:

(Assigned by EPD)

This submittal can be used for community subsurface wastewater treatment plants within the flow range of 10,000 to 150,000 GPD.  The system must be designed in accordance with the attached guidance document, or other nationally accepted engineering standards, and must be capable of achieving the general permit limits. (Sanitary sewers must be submitted separately.  See Sanitary Sewer Extension Submittal form.)

Submitted for review pursuant to W.Q. Rules section 391-3-6-.02(3)(a) are this form and (as applicable):
[  ]
EID (Environmental Information Document, required for all publicly owned systems)


[  ]
ROTR (Report of Technical Review)


[  ]       Buffer variance

[  ]
Other: ____________________________________________________________

1a.
Project Name: _______________________________________________________________________

1b.
Project Location (City/County): _________________________________________________________

Local government official (if publicly owned): _____________________________________________


Mailing address: _____________________________________________________________________

1c.
Publicly owned: [   ] yes  [   ] no 


If privately owned, is the project consistent with local zoning and have appropriate approvals been

obtained?  [  ] yes   [  ] no

Provide a statement by the local government that this project is consistent with their short and/or long term planning and that they concur with the project.

If publicly owned, is the project consistent with the Service Delivery Strategy Act?  [  ] yes   [  ] no

If publicly owned and in the Metropolitan North Georgia Water Planning District, is this project consistent with the Long Term Wastewater Management Plan? [   ] yes  [   ] no 

2a.
Treatment system owner (same as permittee): _______________________________________________


Name of responsible official for permittee: _________________________________________________


Phone number: _______________________________________________________________________


Mailing address: ______________________________________________________________________

2b.
Design engineer: _____________________________  P.E. License No.: _________________________

Phone number: _______________________________________________________________________


Address: ____________________________________________________________________________

2c.
Georgia P.E. or Professional Geologist providing the written hydrogeologic determination: _____________________________  License No.: _______________________________


Phone number: _______________________________________________________________________


Address: ____________________________________________________________________________

3a.
Design flow and constituent levels shown below must be developed in accordance with the guidance document.  Give flow in units of GPD.  Give constituent values in mg/l (pH – standard units).

	Item
	Flow
	BOD5
	TSS
	O&G
	TKN
	NH3-N
	NO2-N +

NO3-N
	pH
	TP

	Influent
	
	
	
	
	
	
	
	
	

	Effluent
	
	
	
	
	
	
	
	
	


    Type of development (mark all that apply):

     

[   ]  Residential population

     

[   ]  Commercial/institutional

     

[   ]  Restaurant/grocery store

     

[   ]  Special events, school or prison population 

     

[   ]  Industrial loading (type) 

3b.
Wastewater treatment system description (provide unit descriptions and sizing summary): 


____________________________________________________________________________________


____________________________________________________________________________________


____________________________________________________________________________________

3c.
If design was done using methods other than those contained in the attached guidance document, attach information defining the engineering standards used for the design.

4a.
Soils series in the wastewater application area: ______________________________________________

4b.
Saturated hydraulic conductivity: _______________ inch/hour

4c.
Percentage of saturated hydraulic conductivity used as permissible percolation rate: ________________ 

4d.
Is any portion of the project area located in a most significant recharge area? Yes [   ] No [   ]

5a.
Has the area and rate of wastewater application been calculated in accordance with the guidance?

[  ]  yes  [   ] no  If no, describe method used:_______________________________________________

5b.
Method of wastewater application (drainfield, drip irrigation, etc.): _____________________________

5c.
Trench bottom area (systems other than drip): ______________________________________________

Total application area (drip): ____________________________________________________________

Reserve area (if applicable): ____________________________________________________________

5d.
Application rate: ______________________________________________________________________

6a.
Owner’s Certification

To the best of my knowledge, I certify the above information is true and correct.


Signature:___________________________________
Date: ______________________________

Printed name: ________________________________


Title: _______________________________________

6b.
Engineer’s Certification
I certify that the information contained in this form and used to design the wastewater treatment system is in accordance with the guidance or other standard engineering practices (as I have described above).  I further certify that the design basis is technically sound and that the system so designed can reasonably be expected to consistently meet the general permit limits.  I also certify that the plans and specifications (P&S) accurately reflect the design.  I certify that an Operations Manual will be developed prior to construction completion.  I further certify that I have been in responsible charge of the design of this project in accordance with the rules of the Georgia State Board of Registration for Professional Engineers and Land Surveyors. 


Signature:_________________________________

Date:______________________________


Printed name: _______________________________


Date license expires: _________________________

Seal (signed and dated):

	


6c.
Georgia P.E. or Professional Geologist Certification
 

I certify that a written hydrogeologic determination was made in accordance with the guidance or other nationally accepted engineering standards, and that the determination was that the proposed system does not endanger an underground source of drinking water, nor is the system within the inner management zone of any existing well head protection area.  


Signature:_______________________________________

Date:________________________


Printed name: ____________________________________


State of registration and registration number:________________________________________________


Date license expires: _______________________________


Seal (signed and dated):

	


6d.
Soils Professional
I certify that actual site testing was conducted and that the proposed application rate was developed in accordance with the guidance.  

Signature: _____________________________________ Date: _______________________________


Printed name: __________________________________

LARGE COMMUNITY DESIGN GUIDANCE

INTRODUCTION


These guidelines are to provide assistance in the preparation of submittals for Environmental Protection Division (EPD) approval of subsurface systems.  If the project involves subsurface drip irrigation EPD’s Guidelines for Land Treatment of Municipal Wastewater by Drip Irrigation should instead be used for engineering design.  For subsurface drip systems with flows < 150,000 gal/day which propose to be covered under the general permit, the buffer areas listed in this document are acceptable provided that all weather access is maintained around the site without impacting monitoring wells or application areas.
A general Land Application System (LAS) permit (Permit No. GAG278000) has been issued to cover the operation of large community subsurface systems with capacities within the flow range of greater than 10,000 to 150,000 gallons per day (gpd). The submittal requirements for design and construction of large community subsurface systems may be addressed by the submittal of items required by this document. The items include the following:

1. A large community subsurface system engineering submittal form;

2. A copy of the Design Development Report; 

3. A Notice of Intent form;

4. A copy of the public notice run by the owner and any public comments; and

5. A certification of construction completion.

Community subsurface systems larger than 150,000 gpd are not covered under the general Land Application System (LAS) permit No. GAG278000, but instead will be issued individual LAS permits. The design for systems larger than 150,000 gpd may use these guidelines but the submittal requirements are different. It is strongly recommended that anyone planning to design and construct a community subsurface system larger than 150,000 gpd contact the Engineering & Technical Support Program (ETSP).

PROCEDURES FOR EPD REVIEW AND APPROVAL (See Flowchart)

It is a violation of State law (O.C.G.A. 12-5-30(a)) to begin construction of wastewater facilities without a permit from the Director.  It is a violation of the Rules and Regulations for Water Quality Control (Chapter 391-3-6-.02) to begin construction of such facilities prior to EPD approval of the plans and specifications.  Operation of a system cannot be initiated until written authorization is received from EPD.  Therefore, the owner must ensure that all approvals are obtained prior to construction or initiation of operations.  Failure to do so may result in enforcement action(s).

Design Development Report, Environmental Information Document, Soils Investigation Report


All engineering material submitted to EPD must be prepared by or under the direct supervision or review of, and bear the signed seal of a Professional Engineer (P.E.) competent in the design of sewerage systems and wastewater treatment facilities (Chapter 391-3-6-.02).


If the proposed system will be publicly owned, an Environmental Information Document (EID) must be prepared and submitted.   The EID must include the minutes from at least one public meeting advertised at least 30 days in advance.  Separate guidance on the required contents of an EID can be obtained from EPD.  

The soils investigation report must include a detailed soil map (scale of 1” = 100’ or larger) of the planned absorption area and replacement area with soils series identified and soil observation/data collection sites accurately located.  The soil investigation report must include depth to rock and other water restrictive horizons, depth to the seasonal high water table, slope, and flood potential. A minimum of four borings per ½ acre of system area with no rounding (i.e., a 0.6 acre site would require eight observations) is required.  The borings must cover both the original and reserve areas equally.  In addition, at least one test pit per soil series with a minimum of three pits per site must be dug. The test pits must be backfilled following the evaluation.  The saturated hydraulic conductivity of the most restrictive layer to a depth three feet below the planned installation depth must be determined with a minimum of three tests per soils series on the original site and a minimum of three tests per soils series on the reserve area.  The saturated hydraulic conductivity of the most restrictive layer shall be used to determine the absorption area.  See Appendix B for additional information on calculating the absorption area including safety factors required for different soils types.


A minimum of three feet of soil must exist between the bottom of the soils absorption system and bedrock and/or the seasonal high groundwater level.  If less than three feet exists, either the drip guidelines or an alternative solution can be considered.  Drain fields should not be proposed for sites with slopes greater than 20%.


The Design Development Report (DDR) must include a location map, a topographic map, and a scaled drawing with two-foot contours showing the preliminary site layout of the pretreatment system and subsurface distribution area.  Since EPD will not typically conduct a site inspection of the proposed system, the DDR must completely describe the proposed location and its surroundings.  The maps shall show the 100-year flood zone elevation, the maximum pool elevation for any lakes or ponds, any drainage features, any most significant groundwater recharge areas (as shown on the Hydrologic Atlas 18 by the Georgia Geologic Survey), and any Karst or wetlands areas.  If any portion of the system falls in a most significant groundwater recharge area, EPD may require additional review of the project.  Locations of nearby houses, schools, private or public wells, water supply lines, sewers, and information on adjacent land uses must be provided.


The DDR must include the design wastewater characteristics including average and peak flows, Biochemical Oxygen Demand (BOD), Total Suspended Solids (TSS), Oil and Grease, Total Kjeldahl Nitrogen, Nitrates, Nitrites, Ammonia, pH, and Total Phosphorus.  The sources of any assumed values must be indicated.  A description of the proposed development must be included so EPD can evaluate whether the wastewater is appropriately characterized.  The description should include number of residences, people per residence, number and type of restaurants, number and types of stores, and any other information needed to support the quantity and strength of wastewater used for design.  Example flows are attached in the Sewage Flow Table in Appendix A.


The disposal field area calculations and pretreatment system design calculations must be included in the DDR.  If a septic tank is provided for pretreatment, a minimum of 24 hours detention time must be provided.  The septic tank(s) must be baffled and include an effluent filter.  The tank must have a manway opening for pumping of sludge and maintenance.  If the raw wastewater is projected to have levels higher than typical domestic wastewater (BOD (>200 mg/l), TSS (>200 mg/l), or oil and grease (>25 mg/l)), additional pretreatment must be provided.  If an aerobic treatment unit is provided, sufficient information on the proposed unit must be provided so that EPD can verify its design.  All restaurants and grocery stores must have grease traps or other oil/water separators.  If a pond is proposed for pretreatment, an individual LAS permit must be obtained.


The distribution from the pretreatment system to and within the disposal field area must be addressed in the DDR.  The trenches should be no more than 100 feet long and three feet wide.  At least six feet must be provided between trench edges.  If drip irrigation is to be provided, the drip irrigation guidelines (EPD’s Guidelines for Land Treatment of Municipal Wastewater by Drip Irrigation) are to be used.  The disposal field area must be grassed to prevent erosion.  The DDR must show how equal distribution will be provided across the system.


The DDR must indicate the number and locations of the groundwater monitoring wells.  A minimum of one downgradient well must be provided.  Additional wells may be required depending on the topography and size of the proposed system.  The wells must extend to sufficient depths to sample seasonal fluctuations of the unconfined water table.  The wells shall conform to EPD’s Manual for Groundwater Monitoring except 2” diameter wells may be allowed.  Note that the general permit requires that the groundwater leaving the system boundaries must not exceed the maximum contaminant levels (MCL) for drinking water.  If those levels are exceeded, enforcement actions will result. The general permit specifies the parameters to be tested.  The DDR must include a nitrogen balance to demonstrate that the percolate will not exceed the MCL for nitrate.  Background groundwater samples from the installed monitoring wells must be obtained prior to initiation of operation.  


The DDR must address the disposal of sludge from the pretreatment system.  Note that the general permit requires that disposal by any means other than hauling to another treatment plant or codisposal at a sanitary landfill must be approved by EPD.  Sludge from the pretreatment unit cannot be disposed of as septage.


The DDR must calculate the hydraulic wastewater loading rate to the infiltrative area in inches per week using the trench bottom areas.  If the loading rate is in excess of 2.8 inches/week, the higher application rate must be supported with documentation that the soils can absorb the higher rate without becoming saturated.  If the higher rate is approved, a reserve area (100% of the equivalent field area) for future replacement must be designated and set aside.  No construction on or disturbance of the primary area and the reserve area can occur.  If disturbance of the disposal area does occur, a new soil investigation must be conducted to reassess the soil’s capabilities.


The location and type of required flow measuring device(s) must be stated in the DDR.  The general permit must be reviewed to ensure that the required sampling and flow measuring will be achieved with the proposed facility.  The DDR must address the required sampling location(s) and address how the permit requirements for sampling will be met.


The following minimum buffer areas must be provided and shown on the site layout: 

	ITEM
	PRETREATMENT UNIT
	ABSORPTION FIELD

	Lakes, Ponds, Streams
	25 feet
	50 feet

	Trout Streams
	50 feet
	50 feet

	Springs, Wellheads
	50 feet
	100 feet

	Water Supply Lines
	10 feet
	10 feet

	Property Lines
	10 feet (below ground unit)
	10 feet

	
	150 feet (aboveground unit)
	

	Habitable Structures
	10 feet (below ground unit)
	10 feet

	
	300 feet (aboveground unit)
	



The DDR must include a written hydrogeologic determination by a Georgia registered P.E. or Professional Geologist that the system does not endanger an underground source of drinking water nor is such a system within the inner management zone of any existing well head protection area.  In addition, the DDR must address the buffer requirements for water supply watersheds and river corridor protection.  (See the DNR Rules for Environmental Planning Criteria, Chapter 391-3-16-.01 and -.04.)

Grease traps or other devices are required for all facilities that will generate wastewater with fats, oil, and grease (FOG) levels over 25 mg/l.  The permittee must determine what types and sizes of grease traps are acceptable and advise the potential users of their facility.  The grease traps must be protective of the treatment system.  The permittee must establish a grease management program to ensure proper maintenance of the grease traps.

Notice of Intent


If a system is to be covered under the general LAS permit, a Notice of Intent (NOI) must be submitted along with a maintenance and operations agreement, a trust indenture (for privately owned systems), and a sewer use agreement (for privately owned systems) or a sewer use ordinance (for publicly owned facilities).  Failure to provide the specified documents will adversely affect a system’s ability to be covered by the general permit.  The required documents are described below.


The maintenance and operations agreement is a contract between the permittee and the person(s) who will operate and maintain the facility.  Note that the operator must hold at least a Class III certification (Chapter 750-3 of the Rules of the State Board of Examiners for Certification of Water and Wastewater Treatment Plant Operators and Laboratory Analysts).  The agreement must require at least the minimum frequency and duration of site visits specified in the general permit.  If the permittee intends to operate and maintain the facility without a contract operator, they must submit to EPD substantial evidence, including documentation of the operator’s qualifications, that they are competent to meet the permit requirements.


A trust indenture is required for privately owned facilities to ensure continuity of operation.  The permittee must attempt to acquire a trust indenture with the local government.  If the local government is not willing to serve as a trustee, EPD will consider allowing a non-governmental entity as trustee.  In such cases we recommend that appropriate financial security be provided to allow continued operation of the system.  Typically, the financial security is in the form of a bond or letter of credit with the minimum amount being equal to the cost of major component replacement, as well as projected operation and maintenance costs of the facility for three years.


The sewer use agreement establishes what strength and quantity of wastewater the permittee is willing to accept from each user of the facility and how changes in building occupancy that could result in changes in wastewater strength or volume will be addressed.


The Sewer Use Ordinance is enacted by the local government to establish what strength of wastewater can be discharged to their system and what additional costs will be assessed for discharges in excess of those levels.  A Sewer Use Ordinance is not required for privately owned systems.  However, the owners of private systems must ensure that additions to their system will not exceed the treatment capacity of the facility. 

Public Notice


After review of the NOI, if EPD proposes to allow coverage under the general permit, a public notice will be sent to the proposed permittee.  This public notice must be run in the newspaper with widest circulation in the area of the project at least 30 days prior to being given coverage under the general permit.  The notice must include the name of the project, the location of the project, the intent to be covered under the general permit, and must provide an address for comments.  Any comments received during the 30-day comment period must be submitted with the proof of advertisement of the notice.


If EPD determines that the proposed facility cannot be covered under the general permit, then an LAS permit application for the individual facility must be submitted and complete, detailed plans and specifications for the proposed facility must be submitted for EPD’s Engineering and Technical Support Program’s approval.  The signed seal of a Georgia Professional Engineer must appear on both the specifications and on the plans.  EPD cannot approve the plans and specifications until an individual LAS permit is issued.

Operations Manual


The Professional Engineer must develop (or have developed) an operations manual for the large community subsurface system that addresses all requirements of the EPD operations manual guidelines.  The Professional Engineer must certify that the manual has been developed in accordance with the guidelines and that a copy has been provided to the operator and to EPD.

Construction


Construction cannot begin until EPD has approved the plans and specifications or issued a NOI acceptance letter.    During construction, disturbance of the drain field area must be kept to a minimum.  No disturbance of the reserve area can occur and the disposal area shall be clearly marked in the field with temporary fencing and signs to limit access and prevent disturbance.  The areas cannot be used for materials storage, siting the construction trailer, or any other activities.  Access to the areas must be restricted.  


If the project is not covered under the general permit, EPD must approve revised plans and specifications if there are any substantial changes to the project during construction (examples include changing the pretreatment process, moving the drain field area, changing the type of drain field, etc.).  Approval for the changes must be obtained prior to construction of the revisions.

Following construction, the design engineer must certify that construction is complete in accordance with the approved plans and specifications or NOI acceptance letter and the permittee must request approval to begin operation.  EPD will then determine if a final inspection will be held to evaluate if the construction has been satisfactorily completed in accordance with the approved plans and specifications and if the facility is ready to begin operation.  If the facility is found to be complete, a written authorization to begin operation will be sent by EPD’s Permitting, Compliance, and Enforcement Program.  Until that authorization is received, the facility cannot begin receiving wastewater.

Operation


During operation, the LAS permit must be followed and the appropriate sampling and reporting requirements must be met.  A Class III certified operator (or higher) must remain in charge of the facility’s operation.  The general permit requires that the operator be on-site a minimum of two hours per month.  The permittee must ensure that all appropriate sampling and reporting requirements are satisfied.  Failure to comply with permit requirements may result in enforcement actions against the permittee.

Large Community Subsurface System Review Flowchart


















* The required documents include the Large Community Subsurface System Engineering Submittal, the Design Development Report (DDR), a maintenance and operations agreement, a trust indenture (for privately owned systems), a sewer use agreement, and a sewer use ordinance (for publicly owned systems).

** Construction cannot begin until the NOI acceptance letter is issued.  

APPENDIX A

Sewage Flow Table
               FACILITY         



GPD*
Airport, Railroad, or Bus Terminal)
5/Passenger+ 10/Employee

Stadiums, Racetracks, Assembly Halls
5/Seat

Bar/Lounge
30/Seat

Barber Shop or Beauty Salon
125/Chair + 20/Employee

Bath House for Swimming Pool
10/Swimmer

Boarding Houses
75/Resident

Bowling Alley
75/Lane + 20/Employee

Car Wash (Non-Recycling)
75/Car

Church
5/Sanctuary Seat

Campgrounds, Travel Trailer Parks, etc.

  Without Independent Sewer Connections
100/Space

Campgrounds, Travel Trailer Parks, etc.

  With Independent Sewer Connections
150/Space

Country Club
25/Member

Day Camp
20/Person

Day Care Center
15/Person

Dental Office (Continuous Water)
20/Employee + 250/Chair

                      (Demand Water)
20/Employee + 100/Chair

Fitness Center/Spa
50/Person

†Food Service **
     Restaurants, less than 24 hrs/day
50/Seat+20/Employee

     Restaurants, 24 hrs.
75/Seat+20/Employee

     Restaurants on Interstates
100/Seat+20/Employee

     Drive-In Restaurant
50/Space+20/Employee

     Carryout Only, Food Stands
50/100-ft² floor space +20/Employee

     Catering (single service only)
50/100-ft² floor space

Funeral Home
300/Embalming + 100/Staff Member

†Grocery Store
200/1000-ft² Floor Space

Hospital
300/bed +100/Resident Staff

Hotel/Motel
100/Room

     Motel with Kitchenette
150/Room

Laundry, Self-service
500/Machine

Marina (pump out facilities)
30/Slip

†Meat Market
50/100-ft² Floor Space

Medical Offices
200/Exam Room

Nursing Home/Personal Care Home, etc.
150/Bed + 100/Resident Staff

Prison/Jail
125/Bed + 20/Employee

Resident Camps
60/Person

Homes

     Residential
150/Bedroom

     Vacation, Resort
100/Bedroom

Rest Area
Determined after consultation

                       
with Ga DOT

Retail Stores, Convenience Stores (Freestanding)
Larger of 400/restroom or 100/fixture

Schools:     Day, Toilets Only
12/Person

                   †Day, Toilets & Cafeteria
16/Person

                   †Day, Toilets, Cafeteria, Gym
20/Person

                   †  Boarding
100/Person

Service Station
3000 Minimum

                   Interstate Location


                   24 Hour Operation
325/fixture

                   <24 Hour Operation
250/fixture

Shopping Center/Mall
100/1000-ft² Enclosed Space

Theaters (Indoor)
5/Seat

               (Drive-In)
10/Space

Veterinary Office/Animal Hospital
100/Run + 10/Cage + 20/Employee

Workers Including Factory, Office, School,

     Commercial and Construction (Without

     Showers and Industrial Waste)
30/Person

· GPD means gallons per day

† Operations with BOD5 and TSS greater than 200 mg/L require pretreatment to reduce BOD5 and TSS to 200 mg/L or below.

** These flows are to be additive to other flows. For example, a bar or lounge serving food would have this flow added to the 30 gpd per seat flow.

APPENDIX B

Acceptable Methods for Measuring Saturated Conductivity (Ks)

Table 1.  Laboratory Methods

	METHOD
	CITATION
	APPLICATION

	Constant Head
	Klute & Dirksen, 1986

Reynolds & Elrick, 2002
	Intact cores required for natural soils.  Useful on soils with structure and coarse to medium texture that have low to high Ks.

	Falling Head
	Klute & Dirksen, 1986

Reynolds & Elrick, 2002
	Intact cores required for natural soils.  Useful in soils with very low Ks (heavy clay and/or poor structure) to reduce test time to several hours.  Can be difficult to administer on soil with high Ks (sands).


Table 2.   Field Methods:  Unsaturated Zone

	METHOD
	CITATION
	APPLICATION

	Infiltrometers

    Ring Type

     Tension Type

     
	Bouwer, 1966

Reynolds, et al. 2002
	For use in the unsaturated zone only (above water table).  Requires excavation of soil to test depth.  For ring infiltrometers, accuracy increases with increasing cylinder diameter and decreasing ponding depth. Double rings are used to create one dimensional vertical flow.  For tension types, a steady rate approach may take several hours to achieve constant flow.

	Constant Head  Permeameters

Commercial Models 

   1.  CCHP    

   2.  Guelph
	Amoozegar, 1992

Reynolds et al., 2002
	For use in the unsaturated zone only.  Conducted in 2-4” borehole at various depths to allow limited site disturbance and provides relatively rapid results. CHP method is most accurate in typical coarse to medium textured, structured soils.  Overestimates of Ks may occur in massive, dry, fine textured soils (Radcliffe and Rasmussen, 2002). 


Table 3.   Field Methods: Saturated Zone and Lateral Flow

	METHOD
	CITATION
	APPLICATION

	Borehole Test

    Slug Test
	Bouwer & Jackson, 1974

Amoozegar, 2002


	Used at depths below or immediately above the water table.  Beneath the water table, water is extracted and recharge is quantified.  For zones just above the water table, water is injected and the rate of dissipation is quantified.  The radial influence of the test is assumed based on known media properties or monitored in adjacent borehole to allow quantification of flow components.  Lateral flow is assumed.  


1.0  OTHER METHODS

There is no single “best method” for determining Ks, since test accuracy will vary under the widely variable soil and water conditions encountered in the field.  The selection of the test method is a matter of professional judgment determined after site evaluation and inspection of a representative soil profile.  Soil physics testing methods are constantly evolving and methods other than those cited here may be used if appropriate.  A clear explanation of the method and supporting citations from peer-reviewed research should be submitted with alternative methods.  Excellent reviews of this subject are available in Methods of Soil Analysis; Part-4, Physical Methods, Chapter 3.4 (Reynolds, et al., 2002) and Soil Physics Companion; Chapter 4 (Radcliffe & Rasmussen, 2001).

2.0  SAMPLING INTENSITY AND DATA SYNTHESIS

Conductivity data is highly variable both across and within soil types (Mulla and McBratney, 2001, Warrick, 1998) and multiple tests are required for any disposal site.  The number of samples required to provide a representative sample range from three to >15 per site-soil type depending on:

1. Area and variability of physical properties in the soil type(s).

2. Level of statistical confidence desired.

3. Resources available for testing and risk of system failure.

In general, as sample number decreases, the confidence level that a true mean value is represented decreases.  Professional judgment should be used to determine the sampling intensity based on evaluation of site-specific conditions and the consistency of Ks data gathered.  For example; a small residential site with one soil type that has three Ks tests with results in the same order of magnitude may be sufficient.  For a large site with three soil types and Ks tests varying over three orders of magnitude, more than 30 samples may be needed.  

Conductivity data typically has a quadratic or logarithmic distribution and a geometric mean is appropriate for a representative design value.  Geometric means should be calculated for each unique soil type/horizon in the expected effluent distribution zone.  

3.0  ESTIMATING LOADING RATE FROM Ks DATA

The saturated flow through soil is described by Darcy’s Law as Q=Ks x H where Q is the flow and H is the gradient.  If we conservatively assume a unit gradient (1) for design, the value of Ks becomes an estimate of flow under saturated conditions.  Where Ks is expressed in in/hr (English units), the conversion to gallons per day per square foot (gdsf) is approximately 14.96.

Conductivity tests are typically done on relatively undisturbed soils using clean water.  The actual application of this data is to estimate a loading rate for wastewater applied to a trench side and bottom that has been disturbed by heavy equipment during construction.  Thus, the actual loading rate should be less than the Ks to account for reductions in soil permeability due to structural loss during excavation and wastewater impacts.  Wastewater contains chemicals (principally salts) and organics that: increase water density, coat the soil surface (biomat) and, at higher salt concentrations, reduce structure in clay soils.  Actual Ks values should be reduced by a factor of 50 to 95% to account for these limitations on flow.  This factor is referred to as the “Percolation Factor” for the purposes of this discussion.  Again, this factor should be selected based on professional judgment considering the soil and effluent properties. 

4.0   PERCOLATION FACTOR

Some general criteria for developing a percolation factor for calculating loading rates from ambient or pre-construction Ks are suggested.  The factor should be decreased (Ks reduced) as clay content and structure of the soil increases.  System construction activities and wastewater constituents have more potential to reduce Ks in fine (clayey) soils and soils with strong structure than in coarse (sandy) and weaker structured soils.

Sandy Soils

Sandy soils with little or no clay and granular to massive structure will usually have minimal change in conductivity following construction unless fines and organics are present and compaction of the infiltrative surface is allowed.  Primary reduction in Ks is expected to be due to biomat formation.  In addition, sandy soils are mostly silica and are largely non-reactive to wastewater salts.  Sandy soils with texture of sand to loamy sand would have a factor of 40-50% (0.4-0.5 x Ks).  

Clay Soils

On the other end of the spectrum, soils with greater than 35% swelling/reactive clay may need loadings of 5-10% of Ks to allow adequate long-term infiltration.  In many cases, this will result in loading rates so low (<0.1 gdsf) that the site will not practically support a drain-field.  Heavy soils predominated by non-reactive clays such as kaolinite are more permeable, but most of the percolation capacity is structural. The Ks should be reduced to 10-20% Ks.  These soils typically have effluent loading rates of <0.1 to 0.3 gdsf (Tyler, 2000).

Loamy Soils

Soils with non-reactive clay (kaolinitic) and heavy loam textures such as clay loam and sandy clay loam move water primarily through structural pores that may be blocked during excavation and plugged by wastewater solids and sedimentation as the system is used.  Loading rates in heavy loam soils are the hardest to assess and should not exceed 10-50% of Ks.  Heavy loams vary widely in hydraulic loading capacity and typically range from <0.1 to 0.6 gdsf (Tyler, 2000).   Coarse and medium loams including sandy loam, loam and silt loam are intermediate in loading capacity and should be treated as similar but slightly better than clay loam as far as the percolation factor (20-50% of Ks).  Typical loading rates for these soils are in the range of 0.2 to 0.8 gdsf (Tyler, 2000).  

Other Considerations

Soils with platy, weak, or massive-cemented structure and/or redoximorphic features are likely to be unsuitable for wastewater disposal regardless of texture or effluent characteristics.  However, this condition should be evident in properly conducted test borings and Ks tests.  

Summary

In summary, an effluent loading rate can be reasonably estimated by:

1. Conducting multiple Ks tests of percolation zone.

2. Calculating the geometric mean of all correctly done tests.

3. Multiplying the mean Ks by a percolation factor of 0.05 to 0.5 to account for construction, effluent and biomat limitations.

Example:   Trenches are to be placed in a sandy clay loam soil horizon with Ks test results of 0.10, 0.26, 0.85, 0.08 and 0.05 in/hr.  The geometric mean is:

(0.1 x 0.26 x 0.85 x 0.08 x 0.05)1/5 = 0.155 in/hr

The preconstruction saturated flow in gdsf is 0.155 x 14.96 = 2.3 gdsf    

Based on construction by backhoe, heavy loam with strong structure and domestic effluent quality with BOD of 150, the loading rate safety factor is judged to be 0.20

The design loading rate is estimated as 0.20 x 2.3 = 0.46 gdsf 

Length of three-foot wide trench required per 100 gallons of wastewater flow:

100 gal/0.46 gdsf = 217 sf  and 217sf/3 ft = 72.3 ft

For 10,000 gpd flow, 72.3 x 100 or 7,230 ft of conventional trench is required.

Table 4.  
General guidelines for maximum wastewater loading based on texture and saturated hydraulic conductivity (Ks) testing.

	NRCS

TEXTURE
	PERC RATE

minutes/inch
	Ks 

inch/hour
	 MAX LOADING RATE

gal/day/ft2

	SANDS

Fine sand

Sand

Loamy sand
	10 
	0.33
	1.6

	
	30
	0.11 
	1.3

	
	50
	0.07
	0.50

	
	90
	0.04
	0.20

	COARSE LOAMS

Silt loam

Sandy loam

Loam
	10 
	0.25 
	1.5

	
	30
	0.08
	0.50

	
	50
	0.05
	0.30

	
	90
	0.03
	0.15

	HEAVY LOAMS

Sandy clay loam

Silty clay loam

Clay loam
	10 
	0.25 
	1.0

	
	30
	0.08
	0.40

	
	50
	0.05
	0.20

	
	90
	0.03
	0.15

	NR CLAYS

Sandy clay

Silty clay

Clay
	10 
	0.14 
	0.40 

	
	30
	0.045
	0.20 

	
	50
	0.03 
	0.10

	
	90
	0.015
	0.05

	Massive NR Clay
	NS
	NS
	NS

	Reactive Clay
	NS
	NS
	NS

	Reactive Clay Loams
	NS
	NS
	NS


 NR: Non-reactive, kaolinitic to mixed mineralogy        NS:  Typically not suitable

Table 4 loading rates are based on a 40% perc factor for sands and coarse loams, 30% for heavy loams and 20% for non-reactive clays.  Perc factors may be higher if advanced wastewater treatment is used. The table is not applicable on a site-specific basis because data on soil structure varies.  Table 4 assumes that the soil structure is granular, blocky, sub-angular blocky or prismatic.  Soils with platy, cemented or massive structure typically will have lower values. It is also assumed that Ks tests are conducted in a manner representative of natural conditions (infiltrative surfaces picked to eliminate compacted or smeared areas).  If smearing or clogging is unavoidable, Ks values will be artificially low and other test methods should be considered or adjustments made to the perc factor.

Table 4 loading rates are consistent with Ks values as recommended by Radcliffe and West (2000) and recommended effluent loading rates developed by Tyler (2000) as published in the EPA Onsite Wastewater Treatment Systems Manual (2002).  Table 4 is provided only as a guide to assist in understanding the typical range of values that may be encountered in suitable soil types and the corresponding infiltration area requirements for planning purposes.
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