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The materials being presented 
represent the speaker’s own 
opinions and do NOT reflect the 
opinions of NOWRA or NAWT.



The Designer’s Purpose
 Provide a design for a system that will treat wastewater 

to protect human and environmental health.
 Onsite wastewater treatment systems (OWTS)

 Treat the wastewater at the source location and disperse 
back into the environment.

 Design Approaches
 Permitting
 Installation
 Operation and Maintenance

 By the owner and/or a maintenance provider.



System Definition

Use

Pretreatment

Soil treatment area [STA]

Wastewater source

Pretreatment
Effluent 
delivery

Vadose 
zone

Ground water zone

Percolation

Ground water recharge

Infiltration

Capillary fringe

Network of 
trenches

Plant uptake 
Straining and filtration
Adsorption
Ion X-C, precipitation
Biotransformation 
Die-off and predation



New System
 Permitting
Establishes Minimum 

Requirements
Provides checks and balances
Provides Long-term Records
Insures Proper Installation
Establishes Required Maintenance



New System Permitting Process
 Site Evaluation

 Site Characteristics

 Subsurface investigation

 Design

 Source Loading~ Flow & Strength

 System selection/sizing

 Operation & Maintenance Requirements

 Reporting

 Design Documents

 Permit record

 Review & Approval by the Permitting Authority



Permits Continues
 Operating Permits
 O&M Requirements

 Testing Requirements

 Title Transfer Permits
 Provide an opportunity to ensure the system is 

functioning properly

 Determine if the system sizing is still 
applicable.

 Changes is use are identified.



Design Process
Wastewater Characteristics
Site
 Site evaluation
 Soil characteristics

System Choice
 Pretreatment
 Soil Treatment Area 

Risk
System Care



Design Approach
DETERMINE HYDRAULIC LOADING

Residential
Standard
Deviations



CDPHE Regulation 43

• Specific to County regulations
- 75 gpd vs. 100 gpd per person 
- Could be 2 people per bedroom for all 

bedrooms
- Check local regulations





Avg. = 69.2 gpd per person

(2008 study of 17 households—45.2 gpd per person

 Water use varies widely from home to home
 Distribution of mean indoor water use for the 1188 dwelling units 

included in the AWWARF study (EPA 2002 Fig 3-1)



Deviations
 Ask about “unusual” uses

 Daycare
 Short Term Rental
 Other non-residential uses

 Water use records
 Especially important with repairs of failed systems.

 Leaking Fixtures
 Heavy water use



Design Approach
DETERMINE HYDRAULIC LOADING

Commercial
Regulation
Tables
Metered Flows
 Operational 

Facility
 Comparable 

Facilities



CDPHE Reg 43



CDPHE Reg 43



Reference Tables



Metered Flows
 Obtain Flows from an existing or similar facility

• Potable water use data (consumptive use)
• ETM, dose counter (account for drain back)
• Magnetic flow meter (effluent in full pipe)
• Ultrasonic flow meter (influent flow)
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Measuring the Flow
• Control panels can 

include a dose 
counter (CT) 
and/or an elapsed 
time meter (ETM)

• Operator or owner 
must record data 
on pre-established 
frequency (daily, 
weekly, monthly)

Gallons per inchPump flow rate



Design Approach
DETERMINE ORGANIC LOADING

Residential
Wastewater strengths 

typically assumed
Deviations



Organic Loading - Residential
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CDPHE Regulation 43 assumes an influent BOD5 = 318 mg/L

Raw Wastewater – Regulation 43

*Reference: CPDHE Regulation 43
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Raw Wastewater – Research Data

*Reference: Decentralized Water Reclamation Engineering – A Curriculum Workbook, Robert Siegrist 2017



Design Approach
DETERMINE ORGANIC LOADING

Commercial
Regulation
Estimates from tables
Wastewater Sampling
 Operational Facility
 Comparable Facilities



Variability in Commercial Facilities

High Strength Waste
 Increased organic matter, 

fats, oils, and grease
Determine Mass Loading for 

Design, lbs of BOD per day
Cleaning Products
Pharmaceuticals



Commercial Establishments
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*Reference: Decentralized Water Reclamation Engineering – A Curriculum Workbook, Robert Siegrist DRAFT 2015



Regulatory Table
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Organic Loading Calculations
• Mass Loading Example 1
• Assume an office building with 30 

employees
– Q = (30 people) X (0.06 pounds per person)
– Table 6-2 Reg. 43
– Mass Loading = 1.8 pounds per day
– 482 mg/L

• This is used to design the pre-treatment 
system
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Organic Loading Calculations
• Mass Loading Example 2
• Mass Loading Equation

– Mass (lb) = Q gpd x C mg/l x 0.00000834

• Assume an office building with 30 employees
– Q = (30 people) X (15 gpd per person) = 450 GPD
– Table 6-2 Reg. 43
– Mass Loading = (450 GPD) X (350 mg/l BOD similar 

facilities) X 0.00000834 = 1.3 pounds per day

• This is used to design the pre-treatment 
system



Non-Residential STE Composition
 Average composition of total wastewater STE (EPA 2002 

Table 4-12)



Wastewater Sampling
• Sampling of the 

wastewater from an 
existing facility to 
determine organic 
loading
• BOD5
• TSS
• FOG

• Grab samples from last 
compartment of septic 
tank/dosing tank.

• How many samples do 
you need?



Design Approach

Use

Pretreatment

Soil treatment area [STA]

Wastewater source

Pretreatment
Effluent 
delivery

Vadose 
zone

Ground water zone

Percolation

Ground water recharge

Infiltration

Capillary fringe

Network of 
trenches

Plant uptake 
Straining and filtration
Adsorption
Ion X-C, precipitation
Biotransformation 
Die-off and predation



Collection & Storage
Piping from 

facility with 
cleanout
 Blackwater
 Graywater

Holding tanks
Exciting 

Plumbing
 Composting Toilets
 Incinerating Toilets



Pretreatment Components

 Grease Interceptor Tank for 
Commercial Kitchens

 Septic Tank - Primary 
Treatment

 Effluent Screens
 Higher Level Treatment



1,500 gal tank



Pretreatment Components
Septic tanks*
Aerobic treatment units
Media filters
MBR



Site Evaluation
 Conduct a site 

evaluation
 What are the 

environmental risks?
 Consider regulatory 

setback 
requirements.

 Where can the system 
be located?



Information Resources
 County Mapping Website
 National Wetlands Inventory
 https://www.fws.gov/wetlands/data/mapper.html
 County Assessors Office/Website
 County Records Office
 Site Survey or ILC
 State Well Records

 Colorado Department of Natural Resources
 https://dwr.state.co.us/Tools/WellPermits

https://www.fws.gov/wetlands/data/mapper.html
https://dwr.state.co.us/Tools/WellPermits










Assessors Records



ILC Drawing





https://dwr.state.co.us/Tools/WellPermits

https://dwr.state.co.us/Tools/WellPermits


Reconnaissance Visit
Site Surface Features Assessment:

 Slope [%, Shape]
 Vegetation
 Natural & Cultural Features:
 Existing Drainage Patterns
 Surface Water
 Streams, Ponds, Irrigation Ditches
 If unlined irrigation ditch; check effects on seasonal 

high groundwater
 Buried Utilities



Reconnaissance Visit
Site Surface Features Assessment:

Slope Shape

Copied from EPA Onsite Wastewater Treatment Systems Manual, February 2002





Fisheries Structure





Reconnaissance Visit

 Wells & Cisterns
 Buildings
 Improvements
 Property lines
 Existing STA
 Cut banks
 Fill areas
 Corrals

■ Improved areas
■ Interceptor drains
■ Restrictions & setbacks
■ Review areas for new STA
■ Review areas for components
■ Review proposed improvements 

characteristics
■ Existing Drainage Patterns

VERIFICATION is Important! Check mapped/surveyed locations 
against field observations



Upgrade & Repair Considerations
 Why did the system fail?
 Check functionality of 

existing system
 Inspection report

 Records of existing OWTS
 MLS listing
 Additions
 Changes in use
 Is there adequate electrical 

power?
 Adequate breakers?



Preliminary Soils Information
 Preliminary Soils Information

 USDA NRCS Soil Survey
 https://websoilsurvey.nrcs.u

sda.gov/app/WebSoilSurvey.
aspx

 Geological Maps, USGS
 https://ngmdb.usgs.gov/ngmd

b/ngmdb_home.html

 Existing records
 Geotechnical report
 Past reports – repair
 Neighboring reports

https://websoilsurvey.nrcs.usda.gov/app/WebSoilSurvey.aspx
https://ngmdb.usgs.gov/ngmdb/ngmdb_home.html


Subsurface Investigation

Do a subsurface investigation in the area of the 
proposed soil treatment area.

Evaluate soil profile test pit excavations, log soils, 
take samples. 

Does County Health Dept. need to observe holes? 
 If holes are to be left open, secure them for safety.
 If percolation testing, load holes, comply with 

procedures, return after presoak period.



Subsurface Investigation





Soil Texture Triangle



Subsurface Investigation
 Is the soil a suitable 

treatment media?
 Are there limiting 

conditions?
 Is it suitable to meet 

treatment goals or 
do we need to add a 
higher level 
treatment system?



Rock Content



Soil Treatment Area
 How much infiltrative surface 

area do we need?
 How should it be configured 

to accommodate site 
conditions?
 To provide better treatment
 To last longer
 Consider Contour Loading 

Rate



Final Treatment and Dispersal Components
Soil Treatment Area 

(STA)
 Trench and bed geometry
 Distribution options
 Gravity 
 Pressure 
 Mound
 Gravel
 Manufactured Media
 Drip Tubing



Operation & Maintenance (O&M)
What it takes to work
Taking care of the system



Management plans
All Systems
Homeowner O&M
Professional O&M
Frequency of O&M
Monitoring with Operating Permit
 WEB tools for owners & service providers 

 www.h2oandm.com
 Online RME

http://www.h2oandm.com/


Operation & Maintenace
 Make all the components 

accessible for inspection and 
servicing.

 Outline Maintenance 
Requirements in Design 
Documents.

 Educate the homeowner/user 
on do’s and don’ts

 Require a service contract.
 With routine maintenance, 

the system should last 30, 40, 
50+ years.



Monitoring
What is going to be checked?
How often will it be checked?
Required performance
 When is it “Working”?
 When is it “Broke”?



What should be monitored?

Flow- Use
Problems
 Identified 

in the 
Operating 
Permit



Components
Changes set O&M Timing
Examples:
Smaller orifices in distribution 
laterals
 Increase plugging
Shorter cleaning frequency
Screens and Filters



Technology
Different technology has different 

care frequency
ATU ~ Septic tank

Septic tank ~ Effluent Screen



Operating Permits
Relationship to regulator
Monitoring requirements
Process
Submittals
Timing
System performance
 Pass/Fail

Enforcement



Kate Carney, P.E.
CHURCH Onsite Wastewater Consultants, LLC.
kcarney@cowc.info

www.cpow.net                             www.nawt.org
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