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by Raymond Morgan, PE

1.  How to determine a pump’s operating point
2.  Composting Toilets
3.  When is a manufacturer’s review of the 
onsite wastewater treatment facility required?

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 doing training and other needed tasks.
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Presenter Notes
Presentation Notes
This is a simple treatment system that shows an optimal treatment system using a septic tank for treatment and using chambers for effluent disposal.
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Site Plan

Presenter Notes
Presentation Notes
I have prepared a more complicated treatment and disposal system that is located on a more challenging site.  We have site plan showing an aerobic treatment facility and pumping tank.  The pumping tank discharges to a distribution box which in turn discharges to three rows of chambers.  The effluent line has to cross a drainageway and has a high point as a result.
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Cross Section View of the OWTF

Presenter Notes
Presentation Notes
A cross section of the site plan shows the profile view of the pump tank and the effluent line connecting to the distribution box.  The drainageway intercepts surface flows from the upslope portion of the adjacent hill.  An air relief/vacuum relief valve is shown at the high point of the effluent line.



How to determine a pump’s operating point

5

Basic Design Parameters
1. Three-bedroom single family residence
2. Design Flow = 450 gpd
3. Type 4.15 permit (aerobic treatment unit)

Pump
a.  5 hp
b.  Flow velocity – Depends upon the pump selected
c.  Static Head – 50’
d. System Head – Depends upon the pump selected

4. Forcemain – 1.25” diameter, 200’ in length’
5. SAR = 0.40 gpd/sf
6. High Disposal Capacity Chamber Area – 28.4 sf/chamber
7. Disposal Area – 1125 sf
8. Number of Chambers needed = 1125/28.4 = 39.6  Use - 42 (3 

rows at 14 chambers each)
9. Distribution Box – polyethylene or concrete

Presenter Notes
Presentation Notes
Let’s review the basic design parameters of the this treatment and disposal example.
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System Head Calculation
A.  Use the Hazen Williams Formula to calculate the friction head in 
the pumping system

Presenter Notes
Presentation Notes
In order to determine the pump’s operating point, we need to do some calculations to determine the system head of the pump and associated pressure line.  The formula shown here is the The Hazen Williams formula is used for calculating the friction loss of water moving through a pipeline.  The c value used to represent the roughness of the pipe is normally set at 140 (which represents a new pipe).  The other unknowns are explained on the slide.
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System Head Calculations
1. System Head = Static Head (ft.) + Friction Head (ft.) 

assuming a Flow (gpm)
2. System Head = 50’ + 29.3’ = 79.3’; assuming Flow = 25 

gpm & v = 6.54 fps
3. System Head = 50’ + 19.4’ = 69.4’; assuming Flow = 20 

gpm & v = 5.23 fps
4. System Head = 50’ + 11.4’ = 61.4’; assuming Flow = 15 

gpm & v = 3.92 fps
5. System Head = 50’ + 5.37’ = 55.37’; assuming Flow = 

10 gpm & v = 2.62 fps

Presenter Notes
Presentation Notes
The system head calculations are shown for five different flows.  Each flow has a different friction loss.  Remember that the faster the water is flowing though the pipeline, the greater the friction loss and the higher the system head.  These five different system head calculation results will be used to plot a system head value on some of the impellor curves.
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Presenter Notes
Presentation Notes
The first impellor curve we are going to look at is shown on this slide.  We see the system head curve that has been plotted based upon three of the flow values.  The system head curve intersects with the impellor curve to arrive at a graphical solution of what the operating point is for this impellor.  Please note the dotted lines at the top and bottom of the impellor curve.  This represent regions of the impellor curve that the manufacturer recommends that you avoid.  There is a higher probability of encountering cavitation if the pump operates in these zones.  We will talk about cavitation further in a later slide.  Please note that the pump operating point if fairly close to the lower end of the curve.  If a friction loss calculation is significantly in error, the pump could move into the cavitation zone since the static head value is only 50 feet.  The static head is just the difference in elevation between low water elevation in the pump tank and the discharge elevation in the distribution box.

Please note that I just copied an impellor curve from the internet for an effluent pump.  I then calculated my own scale for the graph shown on the slide.  Both the vertical and horizontal scales are shown.  The velocity associated with the operating point flow is also shown on the graph.
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Presenter Notes
Presentation Notes
The next system head graph is shown on the slide.  This particular impellor curve has a much steeper slope and is the more preferable impellor curve in my opinion.  First note that the static head value of 50’ does not appear to be in a possible cavitation zone.  Our discharge flows will also be relatively close even if there are fairly large friction loss variations in our calculations.
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Presenter Notes
Presentation Notes
This is our final system head curve shown on the slide.  This particular pump with the selected impellor is operating at the upper end of the impellor curve.  I would not want the operating point to go much higher that what is shown.  If a possibility existed where the velocity needed to be reduced in the distribution box by partially closing a ball valve, careful calculations would be needed to determine the impact on the operating point of the pump.  One could easily move into a cavitation zone at the upper end of this impellor curve.

Please note that I only had to use two of my system head calculation points to develop a system head that would intersect the impellor curve.
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A centrifugal pump uses an impellor 
to move the effluent from the 
suction side of the volute inlet to 
the discharge side of the volute 
outlet.  As the impellor rotates, the 
impellor blades move the effluent 
out the discharge side of the volute 
which creates a suction on the inlet 
side of the volute.

Presenter Notes
Presentation Notes
The submersible effluent pumps that would be used in our pumping example are a type of centrifugal pump.  Let’s take a minute to look at the various components of an effluent pump and the path that the effluent would take to move through this pump.  The centrifugal pump shown is in a horizontal position.  A submersible pump would have the pump in a vertical position.
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A submersible pump (or electrical 
submersible pump) is a pump which 
has a hermetically sealed motor 
that is bolted to the volute which 
contains the pump impellor.  The 
submersible pump is submerged in 
the effluent which is then pumped 
to a discharge point at a higher 
elevation.  One of the advantages of 
the submersible pump is it does not 
need to be primed and won’t ever 
need to be primed.  Another 
advantage of a submersible pump is 
that it is not as prone to cavitation if 
the operational point on the 
impellor curve is in the correct 
location on the impellor curve.

Presenter Notes
Presentation Notes
The picture shown on the slide is a submersible pump.  Let’s look at the location of the components of the pump now.  Please note that this pump has a stand attached to the bottom but if this pump were located on guiderails, there would be no need for a stand.
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Wastewater effluent pumps 
are used to pump only 
effluent with minimal solids 
present (usually no more ¾” in 
diameter).  They are normally 
used after a septic tank or 
some type of secondary 
treatment process where the 
solids have been mostly 
removed.  The effluent is then 
discharged to a distribution 
box or to pressure disposal 
piping in the disposal field.

Presenter Notes
Presentation Notes
Let’s consider some further distinctions about an effluent pump.
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What is cavitation?  This is a phenomenon that occurs within pumping 
systems.  The fluid being pumped develops vapor bubbles within it due to 
pressure variations in the fluid.  The vapor bubbles in turn can cause 
significant damage to the pump impellor and the pump casing as they 
collapse.

Cavitation damage to the impellor
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Presenter Notes
Presentation Notes
Let’s consider the definition of cavitation and the impact it has on an impellor.
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“Discharge cavitation occurs when the pressure at the discharge end of the pump is too high 
and the fluid cannot flow out easily.  High discharge pressure thus limits the fluid flow of the 
pump, causing high velocity fluid to recirculate between the pump impellor and the housing, 
causing cavitation.” The pump is, in essence, running too slow for the available fluid flow.

Suction cavitation occurs when the pump is starved of incoming liquid and has a low fluid 
flow into the pump and a high suction lift.  This low flow then causes vapor bubbles to form 
right at the eye of the impellor.  These vapor bubbles then move outwards to the discharge 
point where they collapse, implode, and damage the impellor.  The pump is, in essence, 
running too fast for the available fluid flow.

Cavitation Damage to the Pump Casing

How to determine a pump’s operating point

Presenter Notes
Presentation Notes
Cavitation can be either a discharge cavitation or a suction cavitation.  Let’s look at the definitions for both of them and determine how they differ.
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How do you recognize that cavitation is occurring?  Cavitation sounds like marbles or 
gravel is being pumped. A person could look for the following signs of cavitation:
• Noise
• Vibration
• Seal/bearing failure
• Impellor or casing erosion
• Higher than usual power consumption

Cavitation Damage to the Pump Casing
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Presenter Notes
Presentation Notes
Let’s consider how you can tell whether cavitation is occurring or not.
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“Air scouring velocities (per Table B-9) can be reached by decreasing 
the diameter of the pipe at knees or in any pipe laid flat or at 
downward gradients.  To minimize friction losses, only the pipe on a 
flat or downward gradient need be made small to obtain the high 
velocities required.  (Note that the custom of never decreasing the 
diameter of a sewer line does not apply to force mains.  Reducing 
pipeline diameter may however, preclude the use of pigs for 
cleaning.)  Air-scouring velocities must be reached frequently – at 
least once per day. It is wise to include pigging facilities because 
pigging removes bacterial slimes that produce hydrogen sulfide.”

Reference:  Pumping Station Design by Garr M. Jones

Presenter Notes
Presentation Notes
In the profile view of the effluent line, I had specified an air relief/vacuum relief valve at a high point in the effluent line.  Should I be concerned about an air bubble forming at that high point?  Or, will my effluent velocity scour that air bubble away?  Let’s see if we can answer that question.
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Presenter Notes
Presentation Notes
This table lists the minimum fluid velocities need to scour air bubbles away from a high point in a conveyance pipeline.  We will be concerned about the downward slope of top of the high point and the downward slope of the pipeline following the high point.
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Summary

1. The pump operating point can be 
determined by locating the intersection 
of the impellor curve with the system 
curve.

2. An air relief valve does not have to be 
used if the fluid velocities are high 
enough to scour off any air bubbles on 
the high point.  However, a vacuum relief 
valve may still be needed.

3. A point should be chosen where the 
pump operating point is located outside 
of a zone of cavitation.

4. Cavitation can damage both the impellor 
and the wall of the pump volute.

Presenter Notes
Presentation Notes
A summary of four key points on determining a pump’s operating point is shown on the slide.

A cut-away of an air relief valve is also shown on the slide.  Please note that the effluent level should never be higher than the top of the float when the air escape valve is closed by the float action.
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Are there any questions?

How to determine a pump’s operating point
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Definition. “For purposes of this 
Section, “composting toilet” means a 
manufactured turnkey or kit form 
treatment technology that receives 
human waste from a waterless toilet 
directly into an aerobic composting 
chamber where dehydration and 
biological activity reduce the waste 
volume and the content of nutrients 
and harmful microorganisms to an 
appropriate level for later disposal at 
the site or by other means.”  R18-9-
E303.A.1

Presenter Notes
Presentation Notes
I would like to share some key information about composting toilets in our training session today.  First, composting toilets are covered under the Type 4.03 permit.  Let’s look at the definition of a composting toilet.
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“A permittee may use a 
composting toilet only if:
a.  Wastewater is managed as provided 
in this Section and, if gray water is 
separated and reused, the gray water 
reuse complies with18 A.A.C. 9, Article 
7; and
b. Soil conditions support subsurface 

disposal of all wastewater sources.”

R18-9-E303.A.3

Presenter Notes
Presentation Notes
Next, let’s consider when you can use a composting toilet.
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“Performance. An applicant 
shall ensure that:
1.  The composting toilet provides 
containment to prevent the 
discharge of toilet contents to the 
native soil except leachate, which 
may drain to the wastewater 
disposal works described in 
subsection (F);
2.  The composting toilet limits 
access by vectors to the contained 
waste; and
3. Wastewater is disposed into 

the subsurface to prevent any 
wastewater from surfacing.”

R18-9-E303.C

Presenter Notes
Presentation Notes
Now, let’s look at the performance standards for a composting toilet in the AAC.  Please note that there are very general performance standards.
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Notice of Intent to Discharge
Wastewater - Wastewater
a.  “The number of bedrooms in the dwelling or persons served on a 
daily basis, as applicable, and the corresponding design flow of the 
disposal works for the wastewater;
b.  The results from soil evaluation or percolation testing that 
adequately characterize the soils into which the wastewater will be 
dispersed and the locations of soil evaluation and percolation testing 
on the site plan; and
c. The design for the disposal works in subsection (F), including the 

location of the interceptor, the location and configuration of the 
trench or bed used for wastewater dispersal, the location of 
connecting wastewater pipelines, and the location of the reserve 
area.”

R18-9-E303.D.2

Presenter Notes
Presentation Notes
Some key things to note regarding the design of a wastewater treatment and dispersal system that incorporates a composting toilet.
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R18-9-E303.F.1.e.i

Presenter Notes
Presentation Notes
The designer uses this table to determine both the Design Flow and the interceptor size.
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“Dispersal of wastewater. An 
applicant shall ensure that the 
design complies with the 
following:
a.  A trench or bed is used to disperse 
the wastewater into the subsurface;
b.  Sizing of the trench or bed is based 
on the design flow as determined in 
subsection (F)(1)(e), including all black 
and gray water, and an SAR determined 
under R18-9-A312(D);
c.  The minimum vertical separation
from the bottom of the trench or bed to 
a limiting subsurface condition is at least 
5 feet; and
d. Other aspects of trench or bed 

design follow R18-9-E302, as 
applicable.”  ref. R18-9-E303.F.2

Presenter Notes
Presentation Notes
The design of the wastewater treatment and dispersal area that includes a composting toilet includes some critical design language.
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Summary
1. A composting toilet is an aerobic treatment process.  If the air 

supply is cut off due to inadequate bulking material being added or 
saturated conditions develop due to inadequate fluid drainage, it 
becomes a latrine.  This situation will lead to odor problems and 
inadequate treatment of the waste material.

2. The size of the interceptor can be adjusted depending upon 
whether or not the gray water is combined with the blackwater as it 
flows through the interceptor to the dispersal field.

3. This size of the dispersal field is based upon the Design Flow shown 
in the table at R18-9-E303.F.1.e.i.  The Design Flow includes both 
black and gray water.

4. A home that uses a composting toilet still requires a site 
investigation report, an SAR determination, an interceptor, and a 
dispersal field.

Presenter Notes
Presentation Notes
In summary, lets consider four key issues regarding composing toilets.
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Are there any questions?
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When is a manufacturer’s review of the onsite 
wastewater treatment facility (OWTF) required?

A manufacturer’s review is needed whenever the wastewater 
being discharged to the OWTF exceeds the limits of typical 
sewage.  
This language is included in the Proprietary Products Listing 

(PPL) approval certificate.
R18-9-A309.A.7.d. requires that a person pretreat a sewage 

flow that does not meet the numerical levels for typical 
sewage to meet the numerical levels before entry into an on-
site wastewater treatment facility authorized by this Article. 

Presenter Notes
Presentation Notes
For our next topic in the this training session lets consider some information about non-residential dischargers to an OWTF.
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Presenter Notes
Presentation Notes
What non-residential dischargers have high strength wastewater?
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Presenter Notes
Presentation Notes
Why does the commercial dishwasher have a lower BOD for its wastewater discharges?
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Restaurant type Average BOD (mg/l)

Fast Food 2,137

Pizza 1,856

Chinese 1,364

Mexican 1,254

American 1,063

American Buffet 792

Steakhouse 601

Seafood 555

Source:  2013 Study conducted by the Harris County Public 
Infrastructure Department

Presenter Notes
Presentation Notes
What are some BOD values for products that contribute to a high strength wastewater discharge?
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Summary
1. Some non-residential wastewater sources are producing 

high strength wastewater.
2. High strength wastewater being treated by a permitted 

OWTF will probably produce a wastewater effluent that 
exceeds the performance requirements for that permit.

3. Wastewater that has a BOD5 and TSS that exceeds the 
performance requirements of the permit for that facility 
will probably produce a thicker biomat which in turn 
can contribute to the failure of the dispersal field.

Presenter Notes
Presentation Notes
In summary, lets consider three key issues that were discussed in this presentation.
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 Raymond Morgan, PE
 Morgan.Raymond @azdeq.gov
 520-628-6723

Any Questions?
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