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Summary of Presentation Topics

1. Arizona Administrative Code  guidelines on the design 
of sewer lines across floodways.

2. Definition of a floodway
3. Review of pressure sewer design crossing a floodway
4. Review of vertical scour calculations of washes that 

the pressure sewer crosses.
5. Review of horizontal bank erosion potential 

calculations of washes that the pressure sewer 
crosses.

6. Review of the design report statements
7. Review of the soils report that the design report uses 

to justify the tractive force calculations for potential 
bank erosion

8. Review of ADWR Watercourse System for Sediment 
Balance

Presenter
Presentation Notes
The major goals of this presentation are:



R18-9-E301.B  Performance. An applicant shall design, construct, and operate a sewage 
collection system so that the sewage collection system:
1. Provides adequate wastewater flow capacity for the planned service area;
2. Minimizes sedimentation, blockage, and erosion through maintenance of proper 
flow velocities throughout the system;
3. Prevents releases of sewage to the land surface through appropriate sizing, 
capacities, and inflow and infiltration prevention measures throughout the system;
4. Protects water quality through minimization of exfiltration losses from the 
system;
5. Provides for adequate inspection, maintenance, testing, visibility, and 
accessibility;
6. Maintains system structural integrity; and
7. Minimizes septic conditions in the sewage collection system.

Rule Review

Presenter
Presentation Notes
The design of a force main needs to meet the requirements of E301.B.  This means the design must lead to an installation where the force main’s structural integrity is maintained in all operating conditions.



R18-9-E301.D.2.c  If sewer lines cross or are constructed in floodways;
i. Place the lines at least 2 feet below the level of the 100-year storm scour 
depth and calculated 100-year bed degradation and construct the lines using 
ductile iron pipe or pipe with equivalent tensile strength, compressive strength, 
shear resistance, and scour protection.
ii. If it is not possible to maintain the 2 feet of clearance specified in 
subsection (D)(2)(c)(i), using the process described in R18-9-A312(G), provide a 
design that ensures that the sewer line will withstand any lateral and vertical load 
for the scour and bed degradation conditions specified in subsection (D)(2)(c)(i);
iii. Ensure that sewer lines constructed in a floodway extend at least 10 feet 
beyond the boundary of the 100-year storm scouring;
iv. If a sewer line is constructed in a floodway and is longer than the 
applicable maximum manhole spacing distance in subsection (D)(3)(a), using the 
process described in R18-9-A312(G), provide a design that ensures the 
performance standards in subsection (B) are met; and

Rule Review

Presenter
Presentation Notes
We get some guidance on what is needed in the way of a structurally sound design by considering the requirements for a gravity sewer crossing a drainageway.
Notice that both scour for a 100 year storm even and bed degradation for a 100 year time period must be considered.
Lateral migration potential of the drainageway must also be considered (bank erosion).



What is a floodway?

FEMA Definition - A "Regulatory Floodway" means the channel of a river or other 
watercourse and the adjacent land areas that must be reserved in order to 
discharge the base flood without cumulatively increasing the water surface 
elevation more than a designated height.  FEMA Glossary, July 8, 2020, https://www.fema.gov/glossary/floodway.

Definitions

Presenter
Presentation Notes
Since we are considering a force main crossing a drainageway, we need to determine where the floodway is located in the 100 flood zone.  The floodway is where major scour, bed degradation and bank erosion will be taking place.
We have a definition of a floodway from FEMA .



Definitions Illustrated

Flood Insurance Studies (2 of 3), https://emilms.fema.gov/is_0280/groups/37.html

Presenter
Presentation Notes
The floodway can be defined as the zone in which encroachments can be made into the floodplain up to the point where the 100 year stormwater discharges rises 1 foot.  When that 1 foot surcharge is reached, that marks the boundaries of the 100 year floodway.



Initial Design

Presenter
Presentation Notes
We have an initial design of a force main crossing several drainageways.  The plan view design is shown.  Please note that there are actually several drainageways that are crossed.



Initial Design

Presenter
Presentation Notes
A profile view of this force main crossing four drainageways is shown.
The depth to the top of the force main in one of the drainageways is 6.9 feet and is 6.3 feet in another one.
The setback from the inside face of the drainageway to the force main (at the closest point) is 8 feet which does not meet the 10 feet required for gravity sewers.
Please note that the designer did not take into consideration that the casing under the railroad would be inside the 6.3 feet potential “danger” zone.  However, it is outside the calculated scour zone or 4.3 feet.



Initial Design

Presenter
Presentation Notes
A plan view of the lift station is show on this drawing.  The gravity sewer coming into the lift station and the force main leaving the lift station are both shown.
The force main crosses another major drainageway.  Fortunately, the force main crosses at right angles to the drainageway.  If the scouring ever reaches the force main, the scouring currents will be directly equally to each bank.  If the force main crossed this drainageway at an angle, then one bank would receive more of the scouring forces than the other bank.
The gravity sewer shown in this plan view illustrates how not to cross a drainageway.  More scouring will take place on the right bank looking upstream.  In addition, more scouring will take place at the left bank in the bend of the drainageway.  It should also be noted that if scouring takes place on the left bank looking upstream at the angle point that the stormwater could be deflected to the downstream bank on the right side looking upstream.



Initial Design

Presenter
Presentation Notes
The profile view of the pressure sewer shows the sewer dipping down to go under the scour zone associated with the bottom of the drainageway.
However, the scour potential of the bank makes the pressure sewer at station 32+21and station 31+01 vulnerable to lateral loads from the stormwater as the bank can potentially erode to the right or left of the drainageway banks at these points exposing the pipe to these stormwater flows. 
The AAC does not specify the method to use in calculating the potential bank erosion (aka lateral migration) other than to state the sewer line must be at least 10 feet beyond the boundary of the 100-year storm scouring.
The designer should give the references for their method of calculating this setback so the reviewer can check the calculations and procedure if desired.



Initial Design

Presenter
Presentation Notes
This profile view of the lift station shows that it is adequately set back from the bank of the drainageway (approximately 79 feet) to avoid any adverse scouring action on the banks of the drainageway.



Initial Design – Stormwater Flows

Presenter
Presentation Notes
The direction and quantity of stormwater flow is shown on this map.
The confluence of these two channels presents some potential scour problems for these drainageways.  However, the focus of this presentation is on the potential of the pressure sewer to be adversely affected by scour.
Therefore, we will continue to focus our attention on the pressure sewer and the potential of scour (bed and bank) and bed degradation to adversely affect it.



Initial Design – Scour Summary Table

Presenter
Presentation Notes
A summary of the scour and bed degradation calculations is shown.
The formulas used to calculate the bedform scour and the low flow scour values were not taken from the Arizona State Standard SSA-96 document cited in the notes.  However, the potential bank erosion or lateral migration was calculated using the formulas and procedures specified in this State document.
The formulas used to obtain the calculation results shown above are detailed on the next slide.



Initial Design – Total Scour  Components

Presenter
Presentation Notes
The formulas used for calculating the general scour, long term degradation and bedform scour on shown on this slide and the one that follows.



Initial Design – Total Scour  Components

Presenter
Presentation Notes
Please notice that the long term degradation formula is taken from publication SSA 5-96 and is very easy to calculate.



Initial Design – Lateral Erosion Calculations

Presenter
Presentation Notes
This slide shows the lateral erosion calculations that were initially done.
A key value is the final calculated tractive force of 0.234 psf.  This is the projected force of the moving stormwater to move a particle of soil or gravel from the bank of the drainageway.
It is important to remember that the conclusions you arrive at are no better than your initial assumptions.
There was a significant assumption that was made that was not consistent with the geotechnical report for this project.  We will look at what that assumption was and how it was not consistent with the geotechnical report in the slides that follow.
You should also note that the calculation followed an iterative process to arrive at a final answer.
d =  depth of water
da = average flow depth
td = shear stress in the channel at maximum depth



Initial Design – Lateral Erosion Soils Table

Presenter
Presentation Notes
This Permissible Shear Stress Summary Table lists the various soil textures and the associated permissible shear stress for them before erosion would take place.  In general, the table is specifying at what point the bank of a given soil type would start to erode.



Per the Arizona State Standard for Watercourse System Sediment Balance (SSA 5-96), 
lateral migration guidelines are provided for riverine floodplains, alluvial channels, and 
sand and gravel mining operations. The Roberts Road and Western Channels are 
engineered channels and therefore do not qualify under any of the above categories 
defined within SSA 5-96. The channels are not expected to be erosive and do not meet 
the generally accepted definition of a regional watercourses (drainage areas greater 
than 30 square miles), per SSA 5-96. Therefore, the generally accepted minimum 
lateral erosion of 10 feet was used for the Roberts Road Channel and Western 
Channel. Additionally, please note that all drainage elements within the Phantom 
Project, including the Roberts Road and Western Channels are the responsibility of the 
HOA, and are required to be maintained so as to preserve the original channel cross 
section. This includes both the repair of eroded areas and the removal of any 
sediment build-up.

Initial Design Report

Presenter
Presentation Notes
The first statement high lighted in yellow says that the engineered drainageway for this project is not covered by SSA 5-96.  This is not correct.  SSA 5-96 states that this publication covers “all watercourses with drainage areas more than ¼ square mile or a 100-year discharge estimate of more than 500 cubic fee per second.”  The drainage area is larger than ¼ of square mile and the discharge estimate is greater than 500 cfs.
The second statement in blue is misleading in one way and not correct in another way.  This statement says that the banks are not expected to be erosive (implying all the drainageways are not erosive).  This is proven to be a incorrect for one drainageway and correct for another drainageway.  The reference to the 30 square miles is a misleading statement because it implies that since this project has a drainage area of less than 30 miles, SSA 5-96 does not apply to it.  This is not correct. The following statement explains that a Level 1 or Level II calculation procedure should be used.
SSA 5-65 said the following:  “A Level I or Level II analysis should not be used on watercourses which have drainage areas greater than 30 square miles.  If the watercourse has a drainage area greater than 30 square miles, a Level III analysis shall be performed.”
The designer then concludes that since the drainage area is less than 30 square miles, no calculations are needed and a setback of 10 feet from the drainageway bank would be adequate protection for any forcemain.  The designer then further adds that the HOA is responsible for any needed repair and maintenance and that we should just leave it to them to fix things up if damage to the drainageway banks occur or the forcemain is damaged.  No mention is made of the environmental damage that will occur if the forcemain is breached and releases wastewater to the environment.
The statements made in the design report at this point seem to have been written by one person and then another person went ahead and did the Level II analysis (with some incorrect assumptions).



*For the purpose of application of these guidelines, erosion hazard area and 
watercourse system sediment balance standards will apply to all watercourses 
identified by the Federal Emergency Management Agency as part of the 
National Flood Insurance Program, all watercourses which have been 
identified by the local floodplain administrator as having significant potential 
flood hazards and all watercourses with drainage areas more than 1/4 square 
mile or a 100-year discharge estimate of more than 500 cubic feet per second.
Application of these guidelines will not be necessary if the local community or 
county has in effect a drainage, grading or stormwater ordinance which, in the 
opinion of the Department, results in the same or greater level of flood 
protection as application of these guidelines would ensure.

*From Arizona State Standard for Watercourse System for Sediment Balance (SSA 5-96)

Initial Design Report – AZ State Standard for Erosion

Presenter
Presentation Notes
An excerpt from SSA 5-96 is shown on the screen confirming that fact that all watercourses are covered by this publication unless a local ordinance provides equal to or better coverage.



Initial Design Report – AZ State Standard for Erosion

Presenter
Presentation Notes
Simple formulas are given for computing the setback from the face of the drainageway bank for drainage areas of less than 30 square miles.



Per the Hydraulic Engineering Circular No. 15, Third Edition: Design of Roadside 
Channels with Flexible Linings (Federal Highway Administration, September 2005), 
the allowable tractive force approach has been utilized to demonstrate that the 
channel banks for the Roberts Road and Western Channels (identified in Section 5.2) 
are not erosive for the flow conditions associated with the 100-year storm event. 
Parameters used to perform these calculations have been referenced from the 
hydraulic model completed as part of the Phantom Parcels C, D, E, & F Final Drainage 
Reports. Per the Geotechnical Subsurface Exploration for Phantom Phase 1, 
completed by Phantom Geotechnical & Materials, Inc. in 2017 the site soils consist of 
coarse grained site surface and subsurface soils with medium plasticity clayey sand, 
varying amounts of gravel, and medium plasticity clayey sandy gravel. As the 
channels will be earthen lined, for the purposes of this analysis the channels have 
been assumed as bare non-cohesive soil (gravel) with a maximum allowable shear 
stress of 0.24 psf, per Table 2.3 of the Design of Roadside Channels with Flexible 
Linings as gravel is the dominant soil type per the results of the geotechnical site 
investigation. The results of the hydraulic modeling and allowable tractive force 
approach calculations indicate that the maximum calculated shear stress does not 
exceed the allowable value for any of the channel reaches in the vicinity of the 
pipeline crossings. 

Initial Design Report

Presenter
Presentation Notes
The design report makes some interesting statements about the project site soils.
First, a reference to a geotechnical report is given.  The reviewers of this project requested a copy of this report and found that the soils for the site actually differed from what the designer was stating in the design report.  A request should always be made for the geotechnical report for the project.
The designer appeared to be contradicting themselves by stating the soils were a clayey sandy gravel and then selecting a soil classification of gravel for determine the tractive force needed to start erosion.





Initial Design – Lateral Erosion Soils Table

Presenter
Presentation Notes
As noted earlier, this Permissible Shear Stress Summary Table lists the various soil textures and the associated permissible shear stress for them before erosion would take place.  In general, the table is specifying at what point the bank of a given soil type would start to erode.
The designer chose a soil texture of gravel with a permissible shear stress of 0.24 psf.  However, the table does not include any qualifying statements about the presence of clay or sand for this particular soil texture.  This fact reinforced my desire to see the geotechnical report.



Soils Report – Boring Locations
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Presentation Notes
When reviewing a geotechnical report, you want to look at the boring logs to evaluate the soil in the vicinity of the drainageway.  The numbers shown on the map are the boring log identifiers.



Soils Report – B-79 Boring Log

Presenter
Presentation Notes
When I looked at boring log 79 adjacent to the drainageway, I discovered that the soil texture was gravelly sandy clay (CL) and not gravel.



Soils Report – General Boring Log Information
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Presentation Notes
Boring log B79 lists a PI of 20 for this particular soil and that 54% of the soil passes a #200 sieve.  This information further confirms the soil classification as a gravelly sandy clay.  Only 15% of the soil would not pass the #4 sieve (the boundary of gravel).



Per the Hydraulic Engineering Circular No. 15, Third Edition: Design of Roadside Channels 
with Flexible Linings (Federal Highway Administration, September 2005), the allowable 
tractive force approach has been utilized to determine the erosive potential of the 
Roberts Road and Western Channels (identified in Section 5.2) for the flow conditions 
associated with the 100-year storm event. Parameters used to perform these calculations 
have been referenced from the hydraulic model completed as part of the Phantom Parcels 
C, D, E, & F Final Drainage Reports. Per the Geotechnical Subsurface Exploration for 
Phantom Project Phase 1, completed by Phantom Geotechnical & Materials, Inc. in 2017 
the site soils adjacent to the site consist of Gravelly sandy clay, classified as CL (B-79 and 
B-80). As the channels have been lined with native soil, for the purposes of the tractive 
force method calculations the channels have been assumed as “clayey sands” with a 
maximum allowable shear stress of 0.094 psf, per Table 2.3 of the Design of Roadside 
Channels with Flexible Linings. The results of the hydraulic modeling and allowable 
tractive force approach calculations indicate that the maximum calculated shear stress 
exceeds the allowable value for only the Roberts Road Channel. Therefore, lateral erosion 
calculations have been prepared only for the Roberts Road Channel. The Western Channel 
sections have utilized the generally accepted minimum lateral erosion value of 10 feet. 
The lateral erosion calculations utilized have been referenced from the Flood Control 
District of Maricopa County Drainage Design Manual Vol II – Hydraulics, Section 11.9.2

Revised Design Report
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Presentation Notes
After receiving review comments and looking at the geotechnical report, the designer decided to use the allowable shear stress of 0.094 psf for a clayey sand instead of using the allowable shear stress of 0.24 psf for gravel. 
The designer also acknowledged that the calculations for potential shear stress on the banks of the drainageway would exceed the allowable value for the native soils and that bank erosion could occur.



Revised Design at Station 32+00

Presenter
Presentation Notes
The designer used the formula in the Flood Control District of Maricopa County Drainage Design Manual Vol II to do the lateral erosion calculations.
The designer chose to round up the 53.7 foot value to 55 feet for a setback from the drainageway bank.



Revised Design at Station 32+00

Presenter
Presentation Notes
The geotechnical report showed that the soil composing the banks of the drainageway would erode as the stormwater flowed through the drainageway.  Therefore, the designer adjusted the design of the forcemain to increase the setback (55 feet) of the forcemain to a safe location.



Things to Consider During the Design Review

1. The Arizona Administrative Code (AAC) requires the following 
issues to be addressed:
a. 100-year scour depth
b. 100-year bed degradation
c. 100-year lateral migration (aka scour) of the drainageway 

banks
2. The AAC does not specify the specific method to do these 

calculations.
3. Therefore, the designer can choose the calculation method but they 

must follow that method fully and consistently.
4. The designer should show the calculation formulas, provide the 

reference to the calculation procedure and provide the results of 
the calculations.  If the calculation procedure is not readily 
available on the internet, they should provide a copy of that 
procedure to the agency reviewer.



Things to Consider During the Design Review

5. The statements in the design report cannot be relied upon 
at face value.  They need to be confirmed in the 
calculations and associated reference documents.

6. Is the design consistent with the calculations and 
associated reference documents?

7. Does the design work to protect the infrastructure from 
100-year storm events?

8. Is the design governed by facts or assumptions?  A design 
based upon assumptions is directly related to those 
assumptions.  If the assumption is flawed, then the design 
will be flawed.  To put this thought another way – a 
conclusion is no better than the assumptions it is founded 
upon.



Any Questions?



Contact 

Raymond Morgan, PE

Email: morgan.raymond@azdeq.gov
Office: 520-628-6723
Cell: 520-240-5905

mailto:morgan.raymond@azdeq.gov
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