
Delegated Agency Training:
How to Design & Review an 
Onsite Wastewater Treatment 
Facility for a Truck Stop with a 
Restaurant (Part Two)

Presenter Notes
Presentation Notes
Good afternoon, for those who don’t know me, I am Raymond Morgan, a professional engineer who has retired from ADEQ and came back to work as a contractor to do training and other needed tasks.
I am Michael Stidham, the Vice President of EZ-Treat, and I have a done a lot of work with OWTFs for both residential and commercial customers.   I have been in the onsite wastewater treatment facility industry for 37 years.  I have been heavily involved in engineering related design issues and regulatory coordination and information sharing.



Administrative Code Review

Presenter Notes
Presentation Notes
As we start this presentation, I thought I would show a picture of the Arizona State Capital building in Phoenix, Arizona.  Our legislature meets in this building.  The legislature in conjunction with the governor develop and approve statutes that are then used to develop Arizona Administrative Code in many cases.  The Arizona Administrative Code is the legal document that provides more detailed information than the Arizona Revised Statutes and that also authorized this particular code regulating onsite wastewater treatment facilities.




Design Summary
● Design Summary:

○ Design Flow – 19,496 gpd ADWF; 24,370 gpd PDWF
○ BOD5 – 876 mg/l (178 # @ 24,370 gpd)
○ TN – 74 mg/l (15# @ 24,370 gpd)
○ Soil – Loam; Moderate Structure
○ SAR – 0.60 gpd/sf
○ SARa – 1.29 gpd/sf

Presenter Notes
Presentation Notes
First, I would like to do a review of a design summary that lists some key information that I had used at the start of my design work and also some information that I calculated along the way of doing the design itself.  Please note that the peak design flow is not specified in Table 1.  Furthermore, the design flow can vary at a given facility through out the year.  For example, I found that one truck stop was seeing an daily average flow for the month of about 11,800 gpd for a given month and then later in year it had a daily average flow for the month of 19,300 gpd.  As you can see, there can be quite a variation in the daily average flows for a given month.  Yet if you just did an overall average of the daily flows for the entire year, you would get an daily average flow of 15,700 gpd.  So, if you did your design based upon an annual daily average, your treatment and disposal system would be significantly overloaded for a significant time period during the year.

It should also be noted that the adjusted SAR value shown uses a more conservative formula than is found in the 2005 Administrative Code.  It uses the 2001 SAR adjustment formula with a maximum of a 25% reduction of the soil absorption area as calculated from the unadjusted SAR value.




Design Summary
In developing our design of an Onsite Wastewater Treatment 
Facility (OWTF) for a truck stop with a restaurant, we need to 
keep in mind that we will be using three different wastewater 
flows.  I have defined those flows as follows:
● De sig n flow in te rm s o f the  a ve ra g e  d a ily wa ste wa te r flow 

(ADWF).
● De sig n flow in te rm s o f p e a k flows (Pe a king  Fa cto r o f 1.25) 

to  a ccount  fo r unusua lly hig h b usine ss vo lum e  d uring  a  
g ive n t im e  p e riod  such a s a  we e kly o r m onthly t im e  p e riod  
to  ca lcula te  the  d a ily a ve ra g e  flow.  Sig nifie d  b y p e a k d a ily 
wa ste wa te r flow (PDWF)

● Tre a tm e nt  ca p a city flow (TCF) in te rm s o f wha t  wa ste wa te r 
flows the  t re a tm e nt  e q uip m e nt  ca n p roce ss to  p rod uce  a  
g ive n q ua lity o f e fflue nt .

Presenter Notes
Presentation Notes
In preparing the design for this particular OWTF, I realized that I was really dealing with three different sewage flow values.  I have listed those values above along with a definition of what they are.  It is important to realize that the treatment and disposal system must handle the wastewater flow variation during the year without having the system fail in either the treatment or disposal process.




Design Summary – Pretreatment Flow Chart 

Presenter Notes
Presentation Notes
This is a picture of three tanks in series similar to our proposed treatment train.  Please note that no anti-buoyancy measures have been installed at this time in this picture.  Please note that under R18-9-A312.B.4.c, the design must address any buoyancy forces that might be present.  You also need to remember that you don’t need a high groundwater to have a problem with buoyant forces.  If the contractor backfilled the area on the sides of these tanks with sand or gravel all the way to the ground surface, surface water could flow into the void area of the sand or gravel and potentially float the tanks.  For this to occur, the tank in question would have been pumped to a level that the weight of the tank was less than the buoyant force on the tank.

Normally, you would place a seal of native soil or relatively impermeable soil of about two feet over the top of any sand or gravel to prevent the surface drainage from flowing into the void areas in the sand or gravel.




Design Summary – Pretreatment Flow Chart

Presenter Notes
Presentation Notes
A flow schematic is shown of the pretreatment process.  Some explanatory footnotes are given to better understand the flow schematic.  This flow schematic shows a nitrification – denitrification process because total nitrogen exceeds the limit of typical sewage and needs to be reduced. 




Pretreatment Flow Chart – Key Wastewater Values

Presenter Notes
Presentation Notes
The flow schematic now shows the concentration of several key parameters as the wastewater makes it way through the pretreatment process.  The detailed calculations for arriving at these various values will be discussed later in this presentation or one to follow.  In summary, we see what the wastewater influent strength is at the beginning of the treatment process.  We also see what the total pounds of BOD5, TN and alkalinity is at the beginning of the treatment process and how it is being reduced as the wastewater makes its way through the treatment process.




Pretreatment Process – Key Considerations

● The septic tank sizes are 9,000 gallons each instead of the first 
one being 12,000 gallons and the second one 6,000 gallons 
which would put the detention volume in the first tank to at 
least 2/3 of the design flow or a 2/3 – 1/3 split between the 
two septic tanks.

● The goal in this case (with a 50% - 50% split) is to carry over 
more solids to the second septic tank to make sure there is 
enough carbon in this tank to accomplish dentification 
successfully.  The detention time is still 2.1 days using both 
tanks.  A two day detention time is considered optimum for 
removing BOD5.

Presenter Notes
Presentation Notes
There are several things to consider when you are designing the treatment process to both nitrify and denitrify the effluent.  The treatment process can operate efficiently or very inefficiently.  A very efficient treatment process will be able to produce a good quality effluent.  However, to obtain this efficiency there are some fine details that need to be addressed in the design of the treatment facility.  Those details are listed above.




Key Considerations (continued) 

● The inlet pipe into the second septic tank should end at 
about 12” from the floor of the septic tank.  The return pipe 
for the effluent from the secondary treatment process 
should terminate near the inlet to the second septic tank 
and at a point where it is 12” from the floor of the septic 
tank.  This will facilitate mixing of the returning nitrate with 
the anaerobic bacteria and carbon coming from the first 
septic tank.  The end result should be improved 
denitrification.

● Mechanical aeration is used to supply a lot of oxygen 
during the secondary treatment process.  The more carbon 
you have, the greater the oxygen demand.

Presenter Notes
Presentation Notes
There are several things to consider when you are designing the treatment process to both nitrify and denitrify the effluent.  The treatment process can operate efficiently or very inefficiently.  A very efficient treatment process will be able to produce a good quality effluent.  However, to obtain this efficiency there are some fine details that need to be addressed in the design of the treatment facility.  Those details are listed above.




Wastewater Strength Calculations – Method 1
● Restaurant wastewater BOD5 concentration – 2,137 mg/l (Fast Food Restaurant)
● Service station wastewater BOD5 concentration – 380 mg/l (maximum strength for 

typical sewage according to the Arizona Administrative Code (AAC))
● Combined wastewater strength calculations (Method 1 using BOD5 Pound 

Calculations)
● Total # of BOD5  = Average Daily Wastewater Flow in MGD x 8.34 x Wastewater 

Strength (mg/l) x Peaking Factor
● # of BOD5 = (0.0140 mgd x 8.34 x 380 mg/l * 1.25 P.F.) + (.005496 mgd ) x 8.34 x 

2,137mg/l * 1.25 P.F.)
○ Total # of BOD5  = 56 # + 122 # = 178 #
○ BOD5  (mg/l) = # of BOD5 / (Average Daily Flow ( mgd ) * 8.34 * 1.25 P.F.)
○ BOD5  (mg/l) = 178 # / (.019496 * 8.34 * 1.25 P.F.) = 876 mg/l

Presenter Notes
Presentation Notes
The next step in the design process is to determine a composite BOD5 concentration from two different streams of wastewater with two different concentrations of BOD5.  There are two ways to do this calculation.  The first method is using the BOD5 Pound Calculation Method.  An assumption is made that the wastewater discharge from the service station rest rooms would have the maximum allowable concentration of BOD5 at 380 mg/l.  It was also assumed that a fast food restaurant was located adjacent to the service station and the high strength wastewater discharged would have a BOD5 concentration as determined in the Harris County study for a fast food type of restaurant.

The calculation process is done to just determine the pounds of BOD5 in both wastewater streams and then total those two values to arrive at a total value for pounds of BOD5 which could then be used to calculate a BOD5 concentration by using the Peak Design Flow.

The final results are given in both pounds of BOD5 and a concentration of mg/l of BOD5 at the Peak Daily 
Wastewater Flow.

This is probably the easiest method to understand and apply in my opinion.




Wastewater Strength Calculations – Method 2
● Combined wastewater strength calculations (Method 2 using Ratio & 

Proportion)
○ BOD5 Avg (mg/l) = (Average Daily Flow (ADWF1)) / Total ADWF in mgd x 

Wastewater Strength1 (mg/l) + (ADWF2 / Total ADWF in mgd x 
Wastewater Strength2 (mg/l)

○ BOD5 Avg (mg/l) = (14,000 gpd/19,496 gpd) * (380 mg/l) + (5,496 
gpd/19,496 gpd) * (2,137 mg/l)

○ BOD5 Avg (mg/l) = 273 mg/l + 603 mg/l = 876 mg/l (178# @ 24,370 gpd)

Presenter Notes
Presentation Notes
The second method of how to calculate a composite BOD5 concentration from two wastewater discharges with different BOD5 concentrations is using Ratio & Proportion.  The concentrations of the two wastewater streams are the same as in the prior slide.  In this calculation method, one multiplies the concentration of the BOD5 in mg/l by the proportion (ratio) of wastewater flow that is associated with it (gpd/gpd).  The final result is an average BOD5 concentration in mg/l which can be converted to pounds of BOD5 as per a given wastewater flow which in this case is 24,370 gpd (PDWF).

The calculation procedure would use the ratio and proportion method to determine the composite BOD5 concentration.

The results was given as a concentration in mg/l in this case.  This concentration in mg/l can easily be converted to #s of BOD5 if needed.




Design Guidance for Treatment Calculations
● If the wastewater strength exceeds that of typical 

sewage, then the wastewater must be pretreated 
to produce a wastewater that meets the definition 
of typical sewage. There is no specific permit or 
design guidelines that must be followed other 
than some general rules given in the Arizona 
Administrative Code. 

● In general, the designer must design “the on -site 
wastewater treatment facility project using 
good design judgment and [ rely ] on 
appropriate design methods and calculations” 
a s p e r R18-9-A312.A.2.

Presenter Notes
Presentation Notes
The general design guideline given in R18-9-A312.A.2 should be used to guide both the design and review process.
One should also note that the PPL approval certificate has some specific language that requires the designer to have the treatment equipment manufacturer do a design analysis of the treatment process whenever the wastewater source is not residential.  This analysis is summarized in a report that is presented to the designer and must be submitted with the project application.  The language in the PPL approval certificate is shown on the next slide.



Design Guidance for Treatment Calculations

The following language is put in all proprietary product 
listing (PPL) approval certificates:
● “When wastewater does not meet the definition of typical 

sewage as defined in R18 -9-101(48), a Manufacturer’s Design 
Review Report shall be submitted for review and approval 
along with the Notice of Intent to Discharge. This Design 
Review Report shall specify component capacities, control 
settings, and supplemental installation and operational 
practices.”

● It should also be noted that supporting calculations for the 
design report details are needed.

Presenter Notes
Presentation Notes
Typical language found in a PPL approval certificate to address non-residential wastewater being treated by the manufacturer’s equipment.




Pretreatment Calculations for Wastewater
● Pretreatment Equipment

○ Size of treatment modules – 9000 gpd
○ BOD5 Removal – 676 mg/l (152 # at 27,000 gpd)
○ Total Nitrogen Removal – 41 mg/l (9 # at 27,000 gpd)

● Pretreatment - BOD5 reduction Process
○ Pretreatment reduction (#) = [(High Strength Wastewater (mg/l)) x Peak 

Daily Wastewater Flow ( mgd ) x 8.34] – [Treatment BOD5 Reduction in #] 
○ Pretreatment reduction (#) = [(876 mg/l) x .02437 mgd x 8.34] – [152 #]
○ Pretreatment BOD5 Effluent (#) = 178 # -152 # = 26 #
○ Pretreated Effluent BOD5 = 128 mg/l

Presenter Notes
Presentation Notes
The pretreatment equipment needs to be evaluated as to how many pounds of BOD5 and how many pounds of total nitrogen (TN) can be removed by the treatment equipment.
To make this determination, the designer needs to obtain a copy of the third party testing information such as an NSF-245 test report.  This report will show what the BOD5 influent concentration is and what the TN influent concentration is.  The designer can then look at the 3rd party test results for the effluent and determine what the effluent concentration is for both parameters.
The reduction in pounds of BOD5 and TN can be calculated by subtracting the treatment equipment reduction of pounds of BOD5 and TN from the from the influent value of pounds of BOD5 and TN.  Please see the calculations above and the following slides for details.  To determine the concentration of BOD5 and TN in mg/. for the effluent, you can convert pounds of BOD5 and TN by following the formula shown on slide # 9.



Pretreatment Calculations for Wastewater

● Pretreatment - Total Nitrogen Reduction Process
○ Pretreated Effluent TN (#) = (High Strength Wastewater 

TN (mg/l) – Pretreatment Equipment Reduction (#)
○ Pretreated Effluent TN (#) = (74 mg/l * 8.34 * 0.02437 

mgd ) - (9 #)
○ Pretreated Effluent TN =    15 # - 9 # = 6 #
○ Pretreated Effluent TN = 30 mg/l

Presenter Notes
Presentation Notes
In the pretreatment phase of the treatment process, you need to remove some of the total nitrogen to meet the requirements for typical sewage concentrations.
This requirement is also why septic tanks are needed in the pretreatment process in order to carry out denitrification.




Interceptor Calculations

Presenter Notes
Presentation Notes
In many cases, an interceptor is required to remove grease, garbage, sand or other wastes in sewage.
The AAC gives specific guidance on how to determine the size of the two chamber interceptor that is required per the AAC.




Interceptor Requirements as per the A.A.C.

R18-9-A315.  Interceptor Design, Manufacturing, and Installation for On -site Wastewater 
Treatment Facilities
● I nte rce p to r re q uire m e nt . An a p p lica nt  sha ll e nsure  tha t  a n inte rce p to r a s re q uire d  b y 

R18-9-A309(A)(7)(c) o r ne ce ssa ry d ue  to  e xce ssive  a m ounts o f g re a se , g a rb a g e , 
sa nd , o r o the r wa ste s in the  se wa g e  is  insta lle d  b e twe e n the  se wa g e  source  a nd  the  
on-site  wa ste wa te r t re a tm e nt  fa cility.

● I nte rce p to r d e sig n. An a p p lica nt  sha ll e nsure  tha t :
○ An inte rce p to r ha s no t  le ss tha n two  com p a rtm e nts with fit t ing s d e sig ne d  fo r 

g re a se  re te nt ion a nd  ca p a b le  o f re m oving  e xce ssive  a m ounts o f g re a se , 
g a rb a g e , sa nd , o r o the r sim ila r wa ste s.

○ An inte rce p to r m a y no t  a cce p t  hum a n e xcre ta  o r to ile t  wa ste wa te r. Ap p lica b le  
st ructura l a nd  m a te ria ls re q uire m e nts p re scrib e d  in R18-9-A314  a p p ly

Presenter Notes
Presentation Notes
The requirements for an interceptor are given in R18-9-A315.




Interceptor Calculations
1. Interceptor Size (I.S.) = M x F x T x S

a) M = # of meals served per peak hour
b) F = unit wastewater flow rate from Table 1
c) T = estimated retention time 

Commercial = 2.5 hours
d) S = estimated storage factor

(1) Full Service 16 hours of operation – 2.0
2. I.S. = 48 x 7 x 2.5 x 2.0 = 1680 gallons
3. Detention Time (D.T.) = I.S. / ADWF or I.S. / PDWF

a) D.T. = (1680 gal / 5496 gpd) x 24 hours = 7.3 hours ADWF
b) D.T. = (1680 gal / 6870 gpd) x 24 hours = 5.9 hours PDWF

Presenter Notes
Presentation Notes
A specific formula is given in R18-9-A315 to size a two chamber interceptor.
Several variables require a designer to select specific value to be used in the interceptor sizing formula.  Once those variables are determined, it is just a matter of multiplying all the variables to arrive at the size of the interceptor in gallons.
Once the designer selects that value, they can easily calculate the size of the interceptor.
It should be noted that the formula shown above is for wastewater being discharged from a restaurant.
There is another formula that should be used if the wastewater is being discharged from a laundry or laundromat.
It should also be noted that “The Department may require installation of a sampling box if the volume or characteristics of the waste will impair the performance of the on-site wastewater treatment facility.”




Thank you. Questions?
Raymond Morgan, PE

Morgan.Raymond@azdeq.gov
520-628-6723

Presenter Notes
Presentation Notes
Use this as a Section Title card (Option B) 

mailto:Morgan.Raymond@azdeq.gov
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