Development and Delivery
Web Based Education
of Web‐Based
in
Decentralized and Cluster
Wastewater Treatment
Larry Stephens, P.E.
Dr. Steven Safferman, PhD, P.E.
Dr. Luke Reese, PhD
Presented at
60th Annual Michigan Wastewater Conference
Januaryy 133th, 2011

Why the need for training?
From the Water Environment Research Foundation (WERF)
2007 study entitled:
Overcoming Barriers to Evaluation and Use of Decentralized
Wastewater Technologies and Management
“The lack of knowledge of decentralized technology and
managementt among engineers
i
iis a major
j b
barrier
i tto the
th
equitable consideration of decentralized systems. This lack
of knowledge is pervasive in the engineering community,
among design engineers, regulators, utility engineers,
developer’s engineers, and funding agency engineers.”

Why the need for training?
In fact, this study identified five (5) main barriers as follows:
1. Engineer’s financial reward for using centralized systems
2. Engineer’s lack of knowledge of decentralized systems
3. Engineer’s unfavorable perception of decentralized

systems
4 Unfavorability of the regulatory system for decentralized
4.
systems
55. Lack off systems
y
thinking
g applied
pp
to wastewater issues

Why the need for training?
This WERF study went on to attribute a lack of educational
opportunities as one of the causes for these barriers:

“Universities
Universities have limited or no curricula on
decentralized technology and management.”
WERF, 2007
WERF
(Project No. 04‐DEC‐2)

Why the need for training?
 Classes providing detailed onsite and decentralized

wastewater system design and principles are not yet a part
of engineering curricula ‐‐‐ in fact, they are rare!

 Decision‐makers in the industry today have little training

and exposure to decentralized concepts.

Why the need for training?
 This lack of preparation by designers presents a barrier to

the acceptability of decentralized concepts.
 A lack of knowledge of systems and management

techniques creates lack of comfort with decentralized
concepts.

How has this happened?

How has this happened?

Trends in History
y
 Early construction of collection (piping) systems to

move pollution
ll ti away from
f
population
l ti centers
t
driven
di
by public health
 Construction of first treatment works at end of pipes
(Detroit – 1940) to improve quality of surface waters
 Massive investment in urban treatment works in
1960’s, 70’s, and 80’s. (Much of it diminishing a mere
30 years ago)
 Followed by expansion of collection systems in
response to our suburban growth in 80’s & 90’s

Trends in History
y
 Meanwhile, in rural areas, local and state health agencies

were developing
p g local and state codes for onsite systems
y
‐
‐‐ based mostly upon past practice.
 Goals were to “dispose of” wastewater in the simplest and
l t costly
least
tl off ways tto protect
t t public
bli h
health
lth
 For the most part, local health generalists, and in some
cases specialists, developed prescriptive codes based
upon a consensus of opinion on what works. Sometimes
politics ruled the day. Rarely was there much scientific
research behind these codes.
codes

Responding
p
g to the need for centralized
wastewater treatment facilities . . .
 Educational institutions developed engineering programs

to train students in gravity sewer system design and big
plant technologies (like activated sludge processes)
 Texts and reference books were written by professionals
on the subject of centralized wastewater treatment
infrastructure
 Curricula on smaller decentralized systems was left to
public health programs ‐‐‐ if at all

Versus

Leaving
g a gap
g p . . .
. . . in curricula being offered connecting the
principles of engineering and physics and the
principles of public health
Hence . . . as systems have become more complex
with technological
g
advances,, practitioners
p
are not
prepared to deal with the complexities of design
and operation.

So, how are we to fill this gap?
‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐

Funded by a U.S.D.A. Higher Education
Challenge
g Grant . . .
Michigan State University
The Ohio State University
Uni ersit
With cooperation and support from:

Purdue University
Central State University
Have developed four (4) new courses

ECOSEAM (Educational Collaborative On
S t i bl Environmental
Sustainable
E i
t l and
d Agricultural
A i lt l
Management)
‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐

The four courses deal with the problems and conflicts
that result from the population shifts to the
countryside
y
that are happening
pp
g today.
y
The four courses:
1. Decentralized and cluster wastewater system design
and management
2. Suburban/rural watershed interface modeling
33. Agricultural
g
air emissions and air/water
/
science
interface
4. Animal manure management and engineering

Goals ‐‐‐
1. Develop the teaching material for a senior/graduate
2.
3.
4.
5.

level college
g course on each subject.
j
Include an experiential component for each course.
Develop a means for course instruction and delivery
via distance learning tools.
Share this material with qualified instructors at
other institutions.
institutions
Develop a means of instruction that can be used in a
continuing
g education format for industry
practitioners.

Accomplished so far ‐‐‐
 Established “Needs‐to‐know” for course
 Developed course syllabus and course curricula (Loudon

and Stephens) for this 15‐week, 3‐credit course
 Taught pilot course in classroom (Loudon & Stephens) at
Michigan State University (2009) (three upper level and
graduate students)
 Prepared course materials for on‐line presentations in
class‐session length modules
 Taught 15‐week,
15 week 33‐credit
credit course on‐line,
on line using both self‐
self
paced on‐line postings and live interactive sessions (2010)

Additional work in progress ‐‐‐
 Creating smaller class modules to cover specific

subjects
bj t that
th t can be
b independently
i d
d tl and
d individually
i di id ll
offered for continuing education; or
 Can be grouped together by an instructor in bundles
for an on‐campus course of seminar
 Working with 360 Water for packaging and
marketing
k i
 Working on incorporating this course in the
permanent curricula offerings of the BE Engineering
program at MSU and other institutions (thus far it
has only been offered as a “special topics” course)

We are convinced ‐‐‐
1. We can only meet the need in a timely manner if we

can find ways
y to educate both the student on
campus and the practicing professionals.
2. We can reach more students faster if we use distance
l
learning
i technologies
t h l i th
thatt are available.
il bl
3. Online instruction works best if there are periodic
live contact sessions with students. Creative ways
are necessary to keep students engaged and
accountable.

Another project goal ‐‐‐
To create a library of resources for use by instructors of
this course:
thi
1. Taped or otherwise “canned” lectures by experts in
various aspects of decentralized wastewater
treatment
2. Reference materials on various topics that are not
often
f
covered
d in
i texts
3. Videos of presentations at various conferences
4. Videos or slide presentations of site visits showing
the application of different technologies

The future ?
On‐line courses that will offer instruction in decentralized
and cluster wastewater treatment design and
management
g
to anyone,
y
, anywhere
y
in the world.
The best of course curricula that can be used by any
educational institution, featuring the most knowledgeable
instructors on each topic.
On‐line, continuing education modules that can be accessed
On‐line
and used anywhere in the world to educate practitioners in
the field.
A resource library of on‐line tools for use in course delivery.

Topics Covered

Principles of PERFORMANCE‐BASED
PERFORMANCE BASED design:
design
 “Listening to the site” (Randy Miles, Soil Scientist)
 Determining the design boundaries and site

characteristics
 Soil conditions,
conditions slopes
slopes, site drainage
drainage, depth to saturated

conditions, limiting layers, soil chemistry, organic content,
evidence of past site disturbance, soil compaction, etc.
 Locations for potential surface water discharge.
 What are the sensitive environmental features on and around the
site?
 What are the risks to health and property values to be protected?

Expertise required ‐‐‐ soils training, ability to think
circumspectly.

PERFORMANCE‐BASED design is . . .
“The design, construction and operation of a
wastewater treatment system that will treat
wastewater from
f
a given ffacility to the quality
necessary for dispersal into the environment in a
manner not presenting a danger to human health or
creating environmental damage, while making the
best use of the end products as a resource whenever
feasible.”
Stephens, 2008

Principles of PERFORMANCE‐BASED design:
Determining the project parameters . . .
 What will be the volume and strength of the wastewater?
 Daily and weekly flow pattern.
 What are the plans for site development and location of

construction activities?
 Will there be an opportunity for reuse?

Expertise required ‐‐‐ knowledge of possibilities, vision for site
limitations and problem solving, common sense

These tasks frame the problem at hand.

Basis of knowledge
g . . .
Septic tank design:
 Purpose
P
and
d function
f ti off septic
ti tanks
t k
 Settling characteristics of solids and
effect of tank shape
 Effect of residence time and use of multiple tanks
 Importance of watertight tanks
 Tank outlet configurations, effluent screens and filters,
and maintenance
 Chemistry and biology of the septic tank environment
 Impact of waste strength and waste type on the septic tank
performance
f

Basis of knowledge . . .
Soils, soil conditions and drainage:
 Soil and site evaluations
 The use and limitations off soil surveys
y
 Soil color, texture and structure, and there importance
 Soil permeability, water holding capacity, effects of

capillary forces, characteristics of saturated and
unsaturated flow, and the significance of residence time in
treatment
 Treatment differences between fine and coarse textured
soils, and the effect of loading rates

Basis of knowledge . . .
Soils, soil conditions and drainage:
 For larger systems, the effects of






g
groundwater
mounding,
g, its impact
p
on the system, and how to quantify it
Biomat formation and its role in treatment
When does the biomat become a problem?
Methods to optimize the design for best performance.
Conditions that will achieve best possible removal of
constituents of concern

Basis of knowledge . . .
Chemistry and Biology:
 Principles behind the removal of
organics and suspended solids
 Differences between suspended growth, fixed growth, and
batch process systems ‐‐‐ benefits and limits of each
 Understanding the process of endogenous respiration, and
the differences between anaerobic, anoxic and aerobic
processes
 Conditions needed for removal of pathogens
 Forms of nitrogen in wastewater,
wastewater and processes that can be
used for its removal when necessary
 Phosphorus removal methods

Basis of knowledge . . .
Onsite dispersal options:
 Pressure‐distribution and dosing methods

g and use off hydraulic
y
q
g valves
 Design
sequencing
 Drip‐irrigation designs
 Design of at‐grade and mound systems
 The use of drop boxes, distribution boxes and other gravity

methods of distribution
 The
h use and
db
benefits
fi off various
i
types off gravelless
ll
distribution techniques
 Care during construction to protect the soil properties

Basis of knowledge . . .
Treatment Technology Choices:
 Packed
Packed‐bed
bed filters,
filters including the use of
sand, geotextile, foam cubes, peat, and other media
 Aerobic treatment units ‐‐‐ both suspended
p
and ffixed
growth systems

Basis of knowledge . . .
Treatment Technology Choices:
 Constructed wetlands
 Facultative and aerated lagoons
f
g p
 Modifications
off the activated sludge
process such as
SBR’s, RBC’s and MBR’s.
 Disinfection technologies

Basis of knowledge . . .
Cluster Treatment Systems:
 Regulatory permitting requirements
 Long‐term management plans – RME’s
 Groundwater mounding
g concerns ffor larger
g fflows with
soil‐based dispersal
 Evaluating the life‐cycle costs

Basis of knowledge . . .
Collection System Design:

y sewers and p
p g station
 Traditional g
gravity
pumping






design
Pressure collection using S.T.E.P. tanks and pumps
Pressure collection using grinder pumps
Septic tank effluent gravity (STEG) systems
Vacuum collection
ll i
Pressure collection system modeling ‐‐‐ pipe and
pump sizing

Basis of knowledge . . .
System Management Options:
 Recommended management methods ‐‐‐ pros and
cons of each
 Levels of accountability
 Designing with maintenance in mind
 Remote monitoring and management techniques
db
fi
and
benefits

Basis of knowledge . . .
Reclaimed Water Reuse:
 Looking for ways to use the treated
wastewater as a resource ‐‐‐ the benefits
 Choosing
for the job
g treatment components
p
j
 Reuse of the water for:
• Landscape irrigation
• Toilet flushing
• Snow making
• Car Washing
g
• Fire Fighting
• Other landscape amenities

 Sewer
Se er mining

Basis of knowledge . . .
Benefits of Decentralized Wastewater Systems:
 Recharge of local groundwater system
 Wastewater infrastructure to grow with urban
expansion without overloading existing collection
components
 Flexible to changing growth patterns
P
i reuse off reclaimed
l i d water near point
i off origin
i i
Permits
 Component failures have smaller consequences
 Often the most cost‐effective
cost effective

Basis of knowledge . . .
Other things the designer should know:
 Funding options available to local communities
 Safety
S f
concerns:
• Designing with safety in mind
• Safety practices for the operation

and maintenance personnel

Sources of available information on all of
these subjects and more!

Difficulties ‐‐‐
 In many cases students were not prepared to take








this course (found this to also be true from previous
experience
i
with
ith practicing
ti i professionals)
f i
l )
One semester is not enough time to cover this
material to the depth needed
Proctored exams in an on‐line format are difficult
Homework assignments incorporating local
experience must be incorporated if the experiential
component is to be meaningful
Local proctors are needed if field trips are to be a part
off the
h course
Different academic calendars present a challenge for
g for courses
multi‐institutional crediting

Conclusions ‐‐‐
1. Without creative tools like on‐line instruction to

assemble and share today’s
y comprehensive
p
knowledge base on decentralized wastewater
treatment, the younger generations of engineers,
planners and decision‐makers are likely to use
outdated designs and management principles of the
past.
2. While on‐line instruction and multi‐institutional
collaborations have challenges, the potential exists
to train students and practitioners alike using this
curriculum and delivery methodology.

The course will be offered on‐line
on line again in 2011 with
more extensive marketing

Questions?
f
For more information:
Larry Stephens, P.E.
Stephens Consulting Services,
Services P
P.C.
C
scscons@yahoo.com

Dr. Steven Safferman
Michigan State University
safferma@msu.edu

