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Wastewater Issues in 
Utah Addressed

The recently established On-Site Wastewater Treat-
ment Training Center is helping improve wastewater 
treatment in Utah.

A brochure by the American Society of Civil 
Engineers provides information about protecting 
ground water.

Related EPA Report 
summaries

Bioremediation technology is being used to restore 
groundwater quality in contaminated aquifers and at 
an EPA superfund site.

Guest Editorial

Organizations
The International Office for Water Education provides 
teachers information to teach about water quality in 
streams and rivers.

Contributions of the Rural Water Association to 
drinking water and wastewater services in Utah are 
discussed by Dr. Darwin Sorensen.

Projects
Recent advances in TMDLs and water quality of 
streams and rivers are addressed by USU researchers.

USU students complete reports on a working 
scale-model septic tank system using gravity and 
low-pressure systems of water flow and a survey of 
wastewater training needs of Utah health depart-
ments and private industry personnel.
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Editorial

Dr. Ronald C. Sims special-
izes in the measurement, 
evaluation, and engineer-
ing of biochemical trans-
formation of organic chem-
icals in soils and water 
systems. He also studies the 
effects of transformation 
on the fate and behavior of 
organic chemicals.

In this issue . . . 
As you will see, we have designed this issue of the UWJ 
to illustrate the large scope of water-quality issues 
facing Utah citizens and water experts, to relate the im-
portant progress being made in this area, and to assist 
all our readers in obtaining a better understanding of 
the relationship between water quality and quality of 
life.

Welcome to the second issue of the Utah Water 
Journal. We will be focusing on water quality issues. 
My name is Ronald Sims, and I am a faculty member 
in environmental engineering at Utah State University 
(USU) and director of the Utah Water Research Labo-
ratory (UWRL).

Protection and improvement of Utah’s high-quali-
ty public health and environmental water resources 
are current and continuing challenges. The theme of 
this journal issue is the relationship between land and 
water quality--specifically, the management of soil 
systems to renew and protect water.

Established in early 1998 at the UWRL, the On-site 
Wastewater Treatment Training Center assists Utah 
communities with the use of soils for on-site waste 
treatment and protection of ground water. The Center 
is a partnership of the Utah Department of Environ-
mental Quality, local health departments, and USU 
personnel. Mr. Steve Iverson, Director of the Center, 
provides additional information about the Center in 
this issue.

As part of the Center’s activities, education of uni-
versity students in soil treatment of waste using on-site 
systems provides needed expertise to the State of Utah 
as the students graduate and fill engineering- and busi-

ness-related positions. Final reports of two groups of 
USU students are contained in this issue. Five environ-
mental engineering students designed, built, and tested 
on-site physical models that will remain at the Center 
for instructional purposes. A survey of wastewater 
training needs was conducted by five graduate stu-
dents majoring in business administration. The survey 
addressed protection of water quality for Utah health 
departments and private industry personnel.

Although on-site soil systems are present in urban 
and rural Utah communities, the primary use for these 
systems is in rural areas. Issues facing rural areas with 
regard to water quality and recent activities of the Utah 
Rural Water Association are addressed by Dr. Darwin 
Sorensen. Geoff Smith, International Office for Water 
Education Coordinator, addresses his organization’s 
role in promoting water quality in Utah. Protecting 
groundwater quality is the subject of the included bro-
chure of the American Society of Civil Engineers.

Restoring groundwater quality once water has been 
contaminated is sometimes accomplished by applying 
bioremediation technology, the use of naturally-oc-
curring microorganisms in soil and ground water 
to destroy harmful chemicals. Bioremediation of an 
aquifer contaminated with wood preservative organic 
chemicals is described in an EPA report summary.

Often groundwater quality becomes degraded from 
chemicals leached from contaminated soil above the 
water table. Bioremediation of contaminated soil above 
an aquifer represents an option for protecting ground 
water as well as surface water quality. In another EPA 
report summary, USU researchers describe an ap-
proach for the design and management of a soil biore-
mediation system to decontaminate soil.

Finally, the ability of surface water systems to as-
similate contaminants from non-point land sources, 
including improperly functioning on-site treatment 
systems, agriculture, industry, mining, and municipal 
runoff, is addressed in the concept of Total Maximum 
Daily Load (TMDL). Dr. David Stevens describes the 
relationship between TMDLs and water quality of 
streams and rivers and provides an update of recent 
activities for addressing TMDLs.

We invite you to contact us if you have additional 
questions or comments.

Ronald C. Sims, Guest Editor
Last Revised: July 23, 1998
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UTAH ON-SITE WASTEWATER 
TREATMENT TRAINING CENTER

The Utah On-Site Wastewater Treatment Training 
Center was organized in January 1998, and operates 
under the direction of the Utah Water Research Labo-
ratory at Utah State University. Its mission is to provide 
formal classroom and field training as well as technol-
ogy transfer to Utah and other Rocky Mountain region 
regulators, consultants, contractors, and other stake-
holders in on-site wastewater treatment systems. The 
components of the training center will include training 
courses, newsletters, physical systems demonstration 
models, and additional outreach methods.

Additionally, the training center will assist in the 
planning, organization, and establishment of a Utah 
on-site wastewater treatment professional associa-
tion which would promote, facilitate, and elevate the 
professional development of individuals in the on-site 
industry and also increase the public awareness of on-
site wastewater treatment issues in this area.

Instructor Peg Cashell gives workshop participants 
instruction on soil characterization in soil pits.

Deficiencies regarding planning, management, and 
technical aspects of on-site wastewater treatment sys-
tems represent important impediments to community 
growth, industrialization, and economic development 
in Utah and present a public health threat to many 
Utah communities. On-site wastewater treatment 
systems are used for approximately 12% of households 
in Utah and, in areas under the jurisdiction of six state 
local health departments, are used by approximately 
30- 60% of households. There are approximately 68,000 
on-site systems in operation in Utah and approximate-
ly 3,500 new ones are added annually.

Failures of these systems generally occur by dis-

charge into saturated soils, leaking at the tank dis-
charge outlet, backup into the house, or wastewater 
liquid ponding at the soil surface. Much of our soils are 
marginal for conventional (septic tank) systems, pri-
marily due to high or fluctuating watertables, imper-
meable as well as high-percolation soil horizons, and 
extreme slope. Experience with alternative systems is 
generally low and many such systems are not currently 
allowed under state or local ordinances.

Combine these challenges with the accelerated 
projected growth rate of state ranked as the fifth fastest 
population increasing state in the nation and the need 
for increased understanding, training, and evaluation 
of on-site systems becomes obvious. An on-site waste-
water treatment training center can be instrumental, 
even critical, in helping to address these challenges.

There are several activities of the training center 
already completed and several planned for the future. 
“Site Evaluation” workshops have been conducted 
throughout Utah, a satellite broadcast from the Uni-
versity of Minnesota Extension Service titled “Alterna-
tive Sewage Treatment Systems” was downlinked to six 
sites in Utah in late March, 1998, quarterly newsletters 
have been published, and an “Intermountain States 
On-Site Wastewater Treatment Forum” was held in 
July, 1999.

Upcoming activities include conducting additional 
site evaluation as well as wastewater treatment systems 
workshops next fall and winter, publishing public in-
formation brochures, and continuing with the quarter-
ly newsletter. Additionally, a physical demonstration 
site will be developed at USU for hands-on training 
with conventional and alternative on-site treatment 
systems. Information dissemination regarding on-site 
systems, methods, research, products, regulations, and 
other developments is an integral component of the 
training center as well.

Our training center is presently utilizing current 
communication means, e.g., e-mail, Word Wide Web, 
satellite downlinks, etc., in order to receive and send 
communications involving local health departments, 
state and federal agencies, private industry, other train-
ing centers, and others. This level of communications 
enables us to quickly exchange information, communi-
cate training ideas, and make distance learning tech-
niques effective and comfortable.

For more information about the training center you 
may contact Ms. Judith L. Sims, Research Assistant 



4

MAJORITY OF EARTH’S FRESH WATER IS 
GROUND WATER

Worldwide, ground water accounts for about two-
thirds of our available fresh water supply. In the Unit-
ed States about 40 percent of the water we use--not 
counting the water used to produce electricity--comes 
from ground water. Also, more than 50 percent of our 
population use ground water for drinking.
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 GROUND WATER ORIGIN

Ground water occurs in the sand, gravel, and rock 
materials beneath the Earth’s surface. Nearly all ground 
water begins as rain or snow that seeps directly into 
the soil and rocks or from rivers, streams, and lakes 
(this is known as ground water recharge).

GROUND WATER DEPLETION

Evaporation, use of water by plants, natural outflow 
to seeps and springs, and pumping from wells deplete 
ground water (known as ground water discharge).

GROUND WATER STORAGE

Rock materials that store and transmit substantial 
quantities of ground water are known as aquifers. The 
amount of water that an aquifer can store and transmit 
depends upon the nature of its material and for the 
aquifer thickness.

There are two main types of aquifers: unconfined and 
confined. An unconfined aquifer has no low permeable 
layer, such as clay, overlying it. Generally, an uncon-
fined aquifer is present at shallow depths within the 
ground and water can reach it from the surface by per-
colating through the overlying soil. A confined aquifer 
is contained under a low permeable layer, known as 
the confining bed; this bed greatly restricts the vertical 
movement of water. 

GROUND WATER DEPLETION

Evaporation, use of water by plants, natural outflow 
to seeps and springs, and pumping from wells deplete 
ground water (known as ground water discharge).

GROUND WATER STORAGE

Rock materials that store and transmit substantial 
quantities of ground water are known as aquifers. The 
amount of water that an aquifer can store and transmit 
depends upon the nature of its material and for the 
aquifer thickness.

There are two main types of aquifers: unconfined and 
confined. An unconfined aquifer has no low permeable 
layer, such as clay, overlying it. Generally, an uncon-

fined aquifer is present at shallow depths within the 
ground and water can reach it from the surface by per-
colating through the overlying soil. A confined aquifer 
is contained under a low permeable layer, known as 
the confining bed; this bed greatly restricts the vertical 
movement of water.

FACTORS THAT AFFECT GROUND WATER 
QUALITY

Many things can affect ground water quality; some 
are results of nature, such as:

• Chemical composition of snow and rain
• Chemical composition of the Earth’s surface
• Rock material in the aquifer 

And some are results of our lifestyle and practices, 
including:

• Misusing agricultural chemicals
• Improperly locating and designing septic tanks and 
sewer systems
• Improperly disposing of industrial wastewater and 
mining, toxic, and oil field wastes
• Discharging contaminants into the atmosphere 
which contribute to acid rain
• Spilling toxic wastes 
• Contaminants leaking from underground storage 
tanks
• Applying salt to roads
• Improperly locating drainage and waste disposal 
wells

When we pump too much ground water, we may also 
degrade its quality by pulling salt water into the aquifer 
from underlying or overlying deposits, nearby saline 
ponds, or the sea. Long-term pumping from an uncon-
fined aquifer may leach soluble salts from the soil and 
gradually increase the mineral content of the ground 
water.

Unconfined aquifers may be contaminated by perco-
lating waters which carry the contaminated materials. 
Both confined and unconfined aquifers may be con-
taminated through active and abandoned wells and test 
holes because they can reach aquifers containing good 
quality water.
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 RESTORING GROUND WATER QUALITY

Ground water quality can sometimes be restored, but 
the process may take a lot of time, effort, and money. 
Here are some steps that can be taken to clean up con-
taminated ground water:

    Determine where the contamination is coming from 
and eliminate it

    Determine to what extent the soil and ground water 
have been contaminated

    Clean the affected ground water either while it is in 
the aquifer or when it is withdrawn for use

    Clean the contaminated soil so that ground water 
quality won’t be adversely affected in the future 

In some cases nature may be able to clean our ground 
water, but it may take hundreds or thousands of years.

PROCESSES USED TO TREAT CONTAMINATED 
WATER

Water may be pumped to the Earth’s surface and 
treated. The water may then be returned to the aquifer, 
either in whole or in part; directly used without further 
treatment; or if necessary treated further off-site.

PROCESSES USED TO CLEANSE CONTAMINAT-
ED SOIL

A common method for cleaning soil is to dig out the 
contaminated soil and replace it with noncontaminat-
ed soil. However, after the contaminated soil has been 
removed, it must be treated or placed in a controlled 
waste-disposal site.

Another common method of soil treatment is the use 
of naturally occurring substances such as bacteria or 
chemicals which may be added to the soil to help clean 
it. This is known as in-situ treatment.
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Champion International Superfund Site, 
Libby, Montana:

Bioremediation Field Performance Evalu-
ation of the Prepared Bed Land Treatment 

System (Volumes I and II)

EPA-600/R-95/156
August 1996

by

Ronald C. Sims, Judith L. Sims, Darwin L. Sorensen, 
and Joan E. McLean

Utah Water Research Laboratory, Utah State Univer-
sity, Logan, Utah 84322-8200

Contract No. 68-C8-0058

for

National Risk Management Research Laboratory

Office of Research and Development

U.S. Environmental Protection Agency

Cincinnati, OH 45268

EXECUTIVE SUMMARY

The Champion International Superfund Site, a 
former wood preserving facility in Libby, Montana 
(referred to as the Libby Site), was nominated by the 
Robert S. Kerr Environmental Research Laboratory 
(RSKERL), Ada, OK, as a candidate site for bioreme-
diation performance evaluation under the Bioreme-
diation Field Initiative (BFI) sponsored by the U.S. 
Environmental Protection Agency (U.S. EPA). Target 
chemicals for bioremediation at the Libby Site include 
the polycyclic aromatic hydrocarbons (PAH), naph-
thalene, phenanthrene, and pyrene, total carcinogenic 
PAH compounds, and pentachlorophenol (PCP). The 
potentially responsible party (PRP), Champion Inter-
national, agreed to cooperate with the RSKERL and 
Utah State University (USU) in conducting the pro-
posed bioremediation performance evaluation studies 

for biological treatment processes in operation at the 
Libby Site. Results of the evaluation of bioremediation 
in a prepared bed system for treating creosote and PCP 
contaminated unsaturated soil are presented in this 
report.

Objectives of the evaluation of bioremediation in the 
prepared bed, lined land treatment unit were to: (1) 
describe and summarize previous and current remedi-
ation activities; (2) develop an approach to the evalua-
tion of the prepared bed; (3) conduct a comprehensive 
field evaluation to assess performance of the unit in 
terms of treatment effectiveness, treatment rate, and 
detoxification of contaminated soil; and (4) perform a 
laboratory evaluation using field samples to determine 
indigenous soil microbial potential for accomplishing 
bioremediation of target chemicals in the soil matrix 
under site conditions of temperature and soil moisture.

Previous and current remediation activities involve 
the treatment of lifts of contaminated soil in prepared 
bed land treatment units. After a lift of contaminated 
soil is treated to target remediation levels, another lift 
of contaminated soil is added and treated until target 
remediation levels are obtained. Management of the 
prepared bed includes: (1) periodic addition of nutri-
ents and moisture, and (2) tilling of the soil to increase 
oxygen transfer into the prepared bed to accomplish 
aerobic degradation. Land treatment operations began 
in 1989. At that point in time, it was projected by 
Champion International that it would take 10 years to 
treat the stockpile of contaminated soil. At the time of 
this report, land treatment remedial activities were in 
full operation, and the projected time of completion 
was still 10 years from 1989. This projection assumed 
that weather conditions did not prevent normal op-
erations and that no additional land treatment units 
were constructed. There is currently no U.S. EPA or 
other U.S. government guidance manual that provides 
standard procedures for the use, evaluation, and mon-
itoring of prepared bed systems for the treatment of 
organic-contaminated soils.

An approach to evaluation of the prepared bed was 
developed based upon a chemical mass balance con-
ceptual model that was used to design sampling and 
analysis procedures and to interpret results of field and 
laboratory analyses.

A comprehensive field evaluation was conducted to 
assess performance of the prepared bed unit. Three-di-
mensional sampling of the prepared bed system, 
consisting of two full-scale land treatment unit (LTU) 
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cells with liner and leachate collection, was conducted 
over a two-year period. Design of the performance 
evaluation was based on analysis of discrete soil sam-
ples collected using a random systematic sampling 
technique to minimize statistical bias and increase 
coverage of the contaminated area. This design allowed 
identification of areas within the LTU cells where in-
dividual soil samples exceeded the target remediation 
level, even though the mean value for a sampling event 
was less than the target remediation level. In addition, 
statistical analysis of the results provided information 
concerning variation in chemical concentrations both 
horizontally and vertically and also with time.

Analyses of over 300 soil samples were performed, 
from which greater than 5,000 individual chemical 
concentrations were determined for the 16 U.S. EPA 
priority pollutant PAH compounds using gas chro-
matography/mass spectrometry (GC/MS) and for 
pentachlorophenol (PCP) using gas chromatography/
electron capture detector (GC/ECD). The field per-
formance evaluation was based upon results obtained 
with regard to: (1) soil chemical concentrations com-
pared with target remediation levels for target chem-
icals; (2) evaluation of downward migration of target 
chemicals as a result of the application of additional 
lifts; (3) detoxification of contaminated as indicated 
soil using bioassays; and (4) a laboratory evaluation for 
confirmation of indigenous soil microbial metabolic 
potential to biodegrade the target chemicals.

Results of chemical analyses indicated that target 
remediation levels were generally achieved, based on 
mean values at each depth evaluated. Target remedi-
ation levels for chemicals in the contaminated soils 
in the prepared bed system are: naphthalene, 8.0 mg/
kg; phenanthrene, 8.0 mg/kg; pyrene, 7.3 mg/kg; total 
carcinogenic PAH, 88 mg/kg; and pentachlorophenol 
(PCP), 37 mg/kg, as specified in the Record of Deci-
sion (ROD). Statistical analysis of the results provided 
information concerning variation in chemical con-
centrations both spatially and temporally. Calculation 
of rates of apparent degradation of target chemicals 
indicated a 50 percent decrease in pyrene and PCP 
concentrations in 100 to 200 days and 200 to 300 days, 
respectively, under field conditions at the site.

Downward migration of target PAH compounds and 
PCP through the LTU cells was evaluated by deter-
mining if chemical concentrations were observed to 
increase in lower layers due to downward migration 
from upper layers containing greater chemical con-

centrations. Results of chemical analyses indicated a 
trend of decreasing chemical concentrations through 
time at each sampling depth. Based on the information 
obtained, downward migration of target chemicals 
through the LTU cells was not observed.

Soil within the LTU cells was detoxified to back-
ground soil levels, based upon results of using both 
the MicrotoxTM assay to measure soil water extract 
toxicity and the Ames Salmonella typhimurium mam-
malian microsome mutagenicity assay (Ames assay) to 
measure mutagenicity of soil solvent extracts. Detoxifi-
cation was evident in all samples evaluated.

Laboratory analyses were conducted using radiola-
beled target chemicals to evaluate the role of microbial 
processes in field observations of the disappearance 
of target chemicals. Results of the laboratory evalua-
tion demonstrate that PCP and phenanthrene can be 
metabolized to carbon dioxide and water (mineralized) 
by indigenous microorganisms in the contaminated 
soil matrix at temperatures and moisture contents 
representative of site conditions. Incorporation of 
radiolabeled carbon into the soil solid phase was also 
a significant treatment process. Significant volatil-
ization of PCP or phenanthrene at the full-scale field 
site is unlikely based upon the laboratory evaluation 
of chemical volatilization. The information obtained 
in the laboratory evaluation of LTU soil corroborates 
the interpretation that the majority of the apparent 
decrease in the target chemical concentration in flield 
samples is due to biological processes rather than phys-
ical/chemical processes.

Results of field sampling indicated that the method 
of management of the lifts may be changed to decrease 
the total time required for treatment of all of the con-
taminated soil. Chemical concentrations for pyrene 
and PCP continued to decrease with time in buried 
lifts. If biodegradation continues in buried lifts, then a 
new lift may be placed on top of a lower lift after some 
significant treatment has been accomplished, but be-
fore the lower lift reaches target remediation levels for 
individual chemicals. This method of management of 
the LTU has not been practiced at the Libby Superfund 
Site; however, further investigation of this approach 
with regard to technical issues and optimization of 
time of placement of subsequent lifts should be evalu-
ated in an effort to decrease the total time required for 
active soil placement and management at Superfund 
sites utilizing land treatment in prepared bed reactors.
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Results of the field performance of the land treat-
ment units at the Champion International Superfund 
Site in Libby, Montana, indicated that bioremediation 
using indigenous microorganisms was the process that 
accomplished soil treatment. Soil treatment included 
degradation of target PAH compounds and PCP in 
contaminated soil to target remediation levels as well 
as detoxification of contaminated soil.

Libby, Montana
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IOWE Teaches Students to Monitor 
Water Quality in Utah

For the past 13 years, the International Office for Water 
Education (IOWE) at the Utah Water Research Labo-
ratory has provided teachers in Utah with the tools and 
understanding for them to teach their students about 
the quality of water in the streams and rivers. By using 
kick nets and charts, teachers can gather water samples 
from different locations along a stream or river.

Studying chemicals will identify specific characteristics 
of the water, and studying the aquatic life will deter-
mine the overall quality of the water. Aquatic life can 
indicate the presence or absence of pollution because 
some organisms are pollution tolerant while others are 
pollution intolerant.

The following are two lesson plans for teachers to help 
their students understand water quality applications. 
The IOWE also provides calendars that includes in-
formation about water quality to all elementary class-
rooms.

Lesson Forty-One

Framework
Reference
2.12

KNOWING NONPOINT

Vocabulary:
    point source pollution.
    nonpoint source pollution 
    runoff 
    contamination

    Materials: 
    Activity One 
    broom 
    recycled paper (3 sheets per student) 
    role cards (duplicate and cut out so each student has 
one)

    Activity Two 
    aluminum foil 

    squirt bottles 
    food coloring 
    pepper

    Grade: 
    3-6

    Purpose: 
    This lesson will introduce the concept of nonpoint 
pollution.

Exploration

        Place the term nonpoint pollution on the board. 
Ask students what they think the term means. Accept 
all answers, but do not define the term. Indicate that 
the activity they are going to do next will demonstrate 
nonpoint pollution. 

Concept Development

    Activity One

        Distribute role cards.

        Introduce the activity by discussing how the dif-
ferent groups represented on the cards can pollute the 
water.

        Distribute three sheets of recycled paper to each 
student. Instruct them to list a different pollutant that 
could come from the source on their role card on each 
of the three papers. Then tell them to wad up each 
paper and throw it on the floor.

        Example: If a student were given a paper that says: 
"Urban (business/home)", the student might write on 
three separate pieces of paper:

            Oil from my car dumped on the ground.
            Spilled paint from my house.
            Cleaning solution from my business poured 
down the drain. 

        Assign a person to be the "rain person." Use a 
broom to sweep the paper into a pile.

        Place the headings Agriculture, Mining/Logging, 
Urban (business/home), Waste Disposal, and Con-
struction on the chalkboard. Unfold each paper and 
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list each pollutant under the appropriate heading.

        Once the list is completed on the board, discuss 
the results with the class. Was the oil from just one car 
harmful? Was the oil from all the cars harmful? Even 
though each student only dropped three pieces of pa-
per, look how much it added up to.

        Discuss your community's water supply. Where 
does it come from? What might contaminate it? 

Concept Application

    Activity Two

        Create aluminum foil watersheds (see Lesson 
Twenty-two: Streams, Lakes, and Rivers, p. 116). 
Sprinkle pepper and drop some red, blue, and green 
food coloring on different parts of the watershed. Use 
a spray bottle to make it rain, and collect the runoff. 
What does it look like? Where did the pollution come 
from? What can be done to clean it up? What could 

have been done before it rained? 

    Lesson Forty-Two
    Framework
    Reference
    2.12

WATER POLLUTION 
APPLICATIONS
    Vocabulary: 
    stream quality indicators 
    aquatic life 
    watershed 
    pH level 
    acid rain 
    heat pollution 
    sediment 
    toxins

    Materials: 
    Activity One 
    Bluewater Mystery handout 
    Chemical Water Quality Indicators handout

    Activity Two 
    D frame net (see Chapter 6 for instructions) 
    tweezers 
    Stream Insects Identification Card 
    white bottom pans 
    quality survey 
    white bottom tray 
    bucket 
    boots 
    Stream Quality Survey sheet 
    Note: This entire lesson should be taught at a stream 
site, not in the classroom

    Grade: 
    4-6

    Purpose:

        This lesson will develop student understanding 
of good stream quality by informing students of both 
chemical and biological stream quality indicators.

Exploration

    Activity One

        Hand out the Bluewater Rapids Mystery to each 
student. Have them read it silently. 

Concept Development

        Discuss the Bluewater Rapids Mystery article and 
task. Discuss the students' solutions to the problem. 
Students should infer that the stream or river qual-
ity should be tested. Inform students that there are 
certain stream quality indicators to test water quality 
in streams. These indicators can be chemicals found 
in the water or aquatic life that is found living in the 
stream. Studying chemicals will identify specific char-
acteristics of the water, and studying the aquatic life 
will determine the overall quality of the water. Aquatic 
life can indicate the presence or absence of pollution 
because some organisms are pollution tolerant while 
others are pollution intolerant. Small numbers of some 
inhabitants may mean there is a severe problem in the 
stream. It is also very important to identify possible 
sources of the pollution. In order to learn where the 
pollution comes from, students must be familiar with 
the watershed. By defining the area of the watershed, 
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they are able to discover possible pollution sources. 
Materials such as fertilizers, pesticides, and road salts 
deposited on the land may enter into the stream and 
contaminate it.

        Hand out and discuss the Chemical Water Quality 
Indicators sheets.

Concept Application

        Tell students that now that they have identified in-
dicators of good water quality, they will collect organ-
ism samples to find out how healthy their stream is.

    Activity Two

        Form class into cooperative learning groups. Have 
the materials manager pick up a D-frame net, tweezers, 
Stream Insect Identification Card, water quality survey, 
white bottom tray, and a bucket.

        Note: Have boots available for students to slip on.

        To collect specimens place the net in the current. 
Then have someone "shuffle" the area above the net, 
overturning stones, rubbing roots, stirring up plants, 
and generally loosening anything that will float.

        Make sure the first few inches of bottom material 
are disturbed. Empty net contents into a bucket. Dump 
the bucket contents a little at a time onto a large white 
pan and sort the debris, looking for aquatic life. Use 
tweezers to pick out anything that appears alive. Place 
organisms in jars.

        Use the identification card to determine what type 
of organisms are present, and then fill out the stream 
Quality Survey sheet to determine the quality of the 
stream. Remind students that they are looking for the 
most abundant insect grouping. Class 3 insects can 
survive in Class 1 conditions, but Class 1 insects can 
not survive in Class 3 conditions.

    Extensions

        Have students write a report on what they discov-
ered regarding the stream quality mystery and how 
they solved it.

        Organize a stream clean-up.

        Invite a scientist from your state's environmental 
office to talk to the class about stream quality.

    Bluewater Rapids Mystery

    As a scientist in the state's environmental office, you 
have been asked to investigate the recent Bluewater 
Rapids Mystery. Local authorities are baffled by the 
sudden death of fish in the Bluewater Rapids River. 

Read the following newspaper article to find out more.

    How would you solve the mystery? What informa-
tion is needed to figure out the cause of death?

Chemical Water Indicators
    pH levels

        pH levels are scales that measure the acid or base 
concentration of the water in a range from 1 (being the 
most acidic) to 14 (being least acidic). For the majority 
of streams, the usual pH level is between 6.0 and 8.5. 
If the pH level is higher or lower, aquatic life is endan-
gered.

    Source:

        One reason for low pH levels is acid rain. Acid 
rain results when water vapor becomes acidified. Acids 
form from oxides of sulfur and nitrogen released into 
the atmosphere and from the combustion of fossil fuels 
from power plants, factories, and automobiles. Anoth-
er source of acids comes from mine drainage. Waste 
material containing sulfuric acid is discharged into 
nearby water ways, killing aquatic life.

    How to identify:

        High acidity levels in water are not identified with 
the naked eye, but are easy to test with sampling kits.

    Temperature or Heat Pollution

        Heat pollution decreases the ability of water to 
hold dissolved oxygen, thereby affecting aquatic life. It 
can affect feeding, growth, and reproduction, and even 
cause death. A small change in temperature can impair 
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the life cycle of a fish.

    Source:

        Heat pollution is caused by power plants and 
factories. They draw in water to cool their systems and 
then discharge it back into the stream. Other sources 
are from dams and from removing shading vegetation. 
This becomes a problem because it increases the area 
of stream exposed to sunlight.

    How to identify:

        The most obvious sign that water temperature has 
been drastically altered is a sudden fish kill.

    Sediment

        Is the soil, sand, and materials washed from land 
into waterways. A healthy stream will have some sed-
iment, but an excess amount of sediment can smother 
bottom-dwelling aquatic life, clog the gills of fish, and 
block needed sunlight for underwater plants.

    Source:

        Excess sediment can be caused by construction 
sites where erosion barriers are not maintained. Poor 
agricultural practice is another source. Not enough 
vegetation on banks or animals grazing too close to the 
stream bank can also be possible sources.

    Oil

        Free-floating oil can coat aquatic life and destroy 
it. Films of oil on the water's surface can interfere with 
photosynthesis, therefore affecting plant life.

    Source:

        Sources of oil pollution include oil from industrial 
plants, machinery, gas stations, cars, and road drains.

    How to identify:

        Generally you can see oil as a silvery sheen or 
black film on the surface.

        It may also smell or can be noticed on ducks or 
other water fowl.

    Oxygen Depletion/Nutrients

        Because there is a limited supply of oxygen in the 
water, an increase in decaying organic matter decreas-
es the oxygen supply. Aquatic life populations are 
thus deprived of necessary oxygen levels and cannot 
survive. Excess decaying organic matter also blocks 
surface light for plants, causes odor and surface scum, 
and clogs water systems.

    Source:

        Sources of excess organic matter are materials 
such as sewage from farm runoff, waste treatment 
plants, canneries, livestock feedlots, sanitary landfills, 
excess fertilizers, and grass and leaves dumped into 
gutters or streams.

    How to identify:

        Direct observation of the types and numbers of 
aquatic life can provide a good indication of the oxy-
gen level, or a testing kit can be used.

    Toxins

        Toxic elements injure the growth or metabolism 
of an organism. Toxins can poison aquatic life, destroy 
their food supply, and deform fish larvae. The follow-
ing is a list of toxins and possible sources: pesticides 
are found in soil particles due to excess erosion into 
streams; metal ions come from paper mills, textile 
mills, and dye factories; radioactive wastes come from 
nuclear power plants and nuclear waste storage facili-

ties; chlorine occurs when treated water is released in 
streams; tar and gas wastes come from road surfacing; 
and industrial wastes come from a variety of manufac-
turing processes.

        Class 1

        Caddisfly: Order Trichoptera. Up to 1", 6 hooked 
legs on upper third of body, 2 hooks at back end. May 
be in a stick, rock, or leaf case with its head sticking 
out. May have fluffy gill tufts on lower half.

        Mayfly: Order Ephemeroptera. 1/4" - 1", brown, 
moving, plate-like or feathery gills on sides of lower 
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body, 6 large hooked legs, antennae, 2 or 3 long hair-
like tails. Tails may be webbed together.

        Stonefly: Order Plecoptera. 1/2" - 1/2", 6 legs with 
hooked tips, antennae, 2 hair-like tails. Smooth (no 
gills) on lower half of body.

        Dobsonfly (Hellgrammite): Family Corydalidae. 
3/4" - 4", dark-colored, 6 legs, large pinching jaws, 
eight pairs feelers on lower half of body with paired 
cotton-like gill tufts along underside, short antennae, 2 
tails and 2 small hooks at back end.

        Clam: Order Mollusca. Two shells with a fleshy 
"foot" and a siphon tube.

        Water Penny: Order Coleoptera. 1/4", flat sau-
cer-shaped body with a raised bump on one side and 6 
tiny legs on the other side. Immature beetle.

        Riffle Beetle: Order Coleoptera. 1/4" - 1", oval 
body covered with tiny hairs, 6 legs, antennae. Walks 
slowly under water. Does not swim on surface.

        Class 2

        Crayfish: Order Decapoda. Up to 6", 2 large claws, 
8 legs, resembles small lobster.

        Dragon Fly: Suborder Anisoptera. 1/2" - 2", large 
eyes, 6 hooked legs. Wide oval to round abdomen.

        Sowbug: Order Isopoda. 1/4" - 3/4", gray oblong 
body wider than it is high, more than 6 legs, long an-
tennae.

        Gilled Snail: Class Tropoda. Shell opening covered 
by a thin plate.
        Class 3

        Midge Fly Larva: Suborder Nematocera. Up to 
1/4", dark head, worm-like segmented body, 2 tiny legs 
on each side.

        Crane Fly: Suborder Nematocera. 1/3" - 2", green 
to light brown, plump caterpillar-like segmented body, 
4 finger-like lobes at back end.

        Leech: Order Hirudinea. 1/4" - 2", brown, slimy 
body, ends with suction pads.

        Aquatic Worm: Class Oligochaeta. 1/4" - 1/2", can 

be very tiny; thin, worm-like body.

        Pouch Snail and Pond Snails: Class Gastropoda. 
No operculum, breathe air. 

Stream Quality Survey
    Name ___________________________________

    Use this form for recording field information.

    Stream ____________________________ 
Date _________________
    Location ___________________________
    Flow in cfs. _________________________ 
Comments
    Air Temperature ______________________
    Water Temperature ____________________
    Water Color _________________________
    Water Odor __________________________

    Macroinvertebrate Profile

        Use the Macroinvertebrate Identification sheet to 
identify organisms found in a one square section of 
stream.

    Add numbers found in each class. Then multiply the 
total in Class 1 by 3, the total in Class 2 by 2, and the 
total in Class 3 by 1. Add these three products together. 
This is the index value for the stream.

    Water Quality Rating

    _____ Excellent (index value > 22)

    _____ Good (index value 17-22)

    _____ Fair (index value 11-16)

    _____ Poor (index value < 11)

    Note: Results will be more reliable if you sample 
three or more areas of the stream.
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Rural Water Association of Utah

Enhancing the Quality of Drinking 
Water and Wastewater Service in 

Utah's Cities and Towns

Logan River

The Utah Water Research Laboratory is pleased to be 
an Associate Member of the Rural Water Association 
of Utah. To learn more about the RWAU, see its web 
page at http://www.inquo.net/~rwau

Clean, safe water at the drinking fountain and in 
our streams and lakes is vital to the quality of life in 
Utah and around the world. Skilled and dedicated 
water-quality management and water treatment pro-
fessionals in our society apply their know-how to help 
Mother Nature provide the quality of water we need at 
a reasonable cost.

In the United States, we have come to expect safe wa-
ter from every tap. Providing water management and 
water and wastewater treatment technology in smaller 
communities can be challenging. Smaller tax bases 
often result in severely restricted funding for facility 
improvement and opportunities for personnel training 
could be scarce.

Utah's water and wastewater systems who are part of 
the Rural Water Association of Utah (RWAU) combine 
forces to meet the challenges that face small systems. 
Their combined resources of technical expertise and 

political clout help individual water systems to accom-
plish their mission of providing safe and affordable 
water for their communities.

As an affiliate of the National Rural Water Associa-
tion, the RWAU gives and receives the support of small 
water and wastewater sytems across the nation. The 
mission of the RWAU is "to provide professional train-
ing, support services, and representation for water and 
wastewater utility members to help enhance the quality 
of services to their customers."

Founded in 1980, the RWAU is a non-profit orga-
nization that services Utah communities and water 
systems with populations of less than 10,000. In 1997, 
RWAU was named "Association of the Year" by the 
National Rural Water Association.

Training that is sponsored and/or conducted by 
the RWAU takes several forms. "Circuit Riders" and 
"Technicians," offer one-on-one mentoring for RWAU 
members. Approximately 25 classroom and hands-on 
courses are offered at various locations in Utah each 
year. Formal training topics taught by RWAU staff 
and members include system management, pumps 
and motors, cross connection hazard assessment and 
certification, emergency response, distribution systems 
operations and preventative maintenance, water opera-
tor certification review, system management, and basic 
water math.

The RWAU's summer and winter conferences also 
offer extensive opportunities for training. Training 
offered at the Association's February, 1998, conference 
included 31 topics ranging from Safe Drinking Water 
Act Implementation to Pipe Bursting and Ramming. 
The 1998 annual conference was one of the largest Ru-
ral Water Association meetings in the U.S. The confer-
ence attracted 928 attendees and 99 exhibitors.

RWAU's quarterly magazine "The Connector" 
contains useful information about problem solving, 
regulatory issues, and system management. The mag-
azine also carries news and commentary important to 
RWAU members and the water industry.

The RWAU strives to influence government policy, 
legislation, and regulation that affects the water and 
wastewater industry. The association's executive direc-
tor lobbies the state legislature and the RWAU strives 
to have state legislators view them as a resource when 
proposed legislation deals with water and wastewater. 
The RWAU's Board of Directors review water-related 
legislation at the state and federal levels and decide to 
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support or oppose each bill. Federal policy and legis-
lation are influenced through the Association's direct 
interaction with Utah's congressional delegation and 
through the influence of the National Rural Water 
Association.

The RWAU is a powerful force in Utah's water indus-
try. Through the Association's efforts, the health and 
well-being of the people of Utah, especially those living 

in smaller communities, are being protected and im-
proved. Their success in bringing information, political 
support, and financial support to the water and waste-
water treatment entities in rural Utah helps assure a 
healthy environment in our state. 

By Darwin Sorensen
UWRL
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 Relationship of TMDL's and Water 
Quality

By David Stevens
UWRL

Water quality in many streams and lakes in Utah and 
much of the United States is deteriorating due to devel-
opment pressures in urban and near-urban watersheds. 
The key component of EPA's Watershed Management 
Strategy is to "rapidly increase the development and 
implementation of total maximum daily loads to 
manage water quality on a watershed scale," under 
section 303(d) of the Clean Water Act (CWA). This 
represents the transition from a clean water program 
based primarily on technology-based controls to water 
quality-based controls implemented on a watershed 
basis, and the use of the Total Maximum Daily Load 
(or TMDL) concept to help states improve the health 
of watersheds.

The driving issue for setting TMDL's is the mainte-
nance of surface water quality in streams, lakes, and 
reservoirs consistent with their beneficial uses. Ideally, 
surface water quality would be sustained by the com-
plete elimination of polluting discharges from both 
anthropogenic and natural sources. Practically, howev-
er, water quality is to be maintained at or below target 
levels of contaminants through minimization of point 
and non-point discharges. The watershed manager 
must thus make predictions about the quality of these 
waters on the basis of information from the historical 
data record for stream flow or reservoir release, and 
water quality, and models of the behavior of the water-
shed, based on the following criteria:

• number of impaired segments;
• length of river miles, lakes, or other water bodies 
for which TMDLs are needed;
• proximity of listed waters to each other within a 
watershed;
• number and relative complexity of the TMDLs;

• number and similarities or differences among the 
source categories to be allocated;
• availability of monitoring data or models; and
• relative significance of the environmental harm or 
threat.

As part of a multi-disciplinary team, Utah State Uni-
versity researchers are developing an information base 
and a scientific modeling system that can aid collabo-
rative decision-making on water quantity and quality 
management. The intent is to develop a modeling sys-
tem that can be used in many places, relies on readily 
available information, embodies sound scientific prin-
ciples, recognizes and addresses uncertainties, allows 
users to easily specify scenarios for management, and 
provides results in an easily understood form with a 
discussion of the assumptions and model processes.

The tools should be useful for aiding discussion on 
proposed land use changes, their impact on water 
quality in a stream section, or for the adjudication 
of the degree of reduction needed in contamination 
caused by identifiable users to meet stream water qual-
ity standards. The tools will be able to accommodate 
management scenarios that will aid in decision mak-
ing, such as

• land use zoning,
• reservoir operation,
• level of treatment at treatment plants,
• sewer vs. septic, and to represent their 
consequences on the physical system, and
• economics and social acceptability.

The initial focus is to assist with implementation of the 
TMDL program in the Utah Lake/Jordan/Price Riv-
er basins in Utah, and in the Henry's Fork and Teton 
watersheds in the Upper Snake River Basin in Idaho. 
Ultimately, a broader set of water supply and demand 
management issues, including the role of interannual 
climate variability, and multiple uses or interests such 
as hydropower and recreation, will be integrated con-
sidering social and economic interests. 
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UTAH ON-SITE WASTEWATER 
TREATMENT TRAINING CENTER  

ON-SITE WASTEWATER SYSTEMS 
PROJECT REPORT 

Senior Design 1997-1998 

 

Introduction 
On November 19, 1997, the State of Utah awarded funding for the establishment of an on-site 
wastewater treatment training center. The Utah Center for On-Site Wastewater Treatment, 
located at the Utah Water Research Laboratory, has been established as a training facility to 
educate Utah Department of Environmental Quality (UDEQ) employees, local and state 
government, and interested parties about the design and installation of on-site wastewater 
treatment systems. 

As the pioneer senior design group, C.A.G.N.S. Engineering has designed, built, and tested scale 
models of a conventional distribution system, and a low-pressure pipe system. Our purpose was 
to provide the Center with working models that could be used to meet its educational objectives 
of the training center. 

Septic tank-soil absorption systems are used extensively throughout the United States to treat and 
dispose of household wastewater in rural and suburban areas. Over 25 percent of the homes in 
the United States are not served by centralized collection systems. Based on 1980 and 1990 U.S. 
Census Bureau data, this percentage has remained relatively stable. In 1993 this data shows that 
of the 4 million new housing starts that year, 1.5 million or 38% were built with septic tank, 
cesspool or chemical toilet wastewater treatment systems (EPA 1997). In terms of environmental 
impact, 90% of the rural communities of the U.S. obtain their drinking water from ground water 
sources, and a high percentage of those are served by septic tank-soil absorption systems (EPA 
1997). These systems can represent a significant health risk to the quality of the ground water if 
incorrectly sited and/or installed. 

A large number of conventional systems, as seen in Figure 2, have been known to fail throughout 
the United States. One study states that only 32% of the United States meets recommended 
criteria for absorption systems (Cashell, Lecture 1). These failures can be attributed to site 
characteristics that did not meet the criteria necessary to properly treat the wastewater loads. In 
fact, it is not uncommon for soil characteristics and profiles to greatly vary on one plot of land. 

http://www.neng.usu.edu/uwrl/training
http://www.neng.usu.edu/uwrl/training
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Figure 2. Conventional Septic Tank--Soil Absorption System (www1.mhv.net). 

In the State of Utah, failed septic systems are widely common. The Utah Department of Water 
Quality (UDEQ) has an objective to greatly reduce the number of conventional systems that fail. 
This requires personnel to be trained on site characteristics that exist and how to adequately 
adapt the system to these characteristics. 

Past approaches to managing onsite systems are no longer adequate. Today, most codes 
regulating the use of onsite wastewater treatment systems are based on the assumption that if a 
site meets the minimum requirements and the system design complies with the codified technical 
specifications, the public health and the environment will be protected. After the construction of 
the system is completed, regulatory control is relinquished and regained only when a sanitary 
nuisance complaint is filed. This method has not been effective in many situations throughout the 
State of Utah. 

Therefore, the State of Utah has taken the initiative to implement a facility that will educate and 
train personnel involved in on-site wastewater treatment. Since typical septic systems and their 
components are buried underground, very few people understand the fundamentals of its 
operation. Through the use of working models, it is possible to easily demonstrate the basic 
fundamental design and operational requirements. Also, advanced techniques can be studied in 
future years to enhance the efficiency of these systems. 

The following three chapters will detail the design, build, and test methods used in the 
development of a large scale model, a desk top model, and a computer model. Chapter One 
covers the development of two large-scale models. A conventional gravity fed distribution model 
and a low-pressure pipe distribution model. These models compare the absorption bed 
efficiencies and demonstrate specific advantages for each system. The procedures used to 
develop the desktop model are covered in Chapter Two. The function of the desktop model is to 
be easily transportable so that it can be used as a teaching tool at specific locations. This model 
will easily illustrate comparisons between conventional and low-pressure pipe systems. Chapter 
Three covers a numerical model that was developed to investigate distribution uniformity in a 
low pressure pipe system. The program was interfaced with Windows 95 environment to 
simplify its use and application. This program has the potential to be a design aid in the sizing 
and spacing of lateral perforations. 

 

http://www1.mhv.net/
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Chapter 1 
1.0 Large Scale Model 
A conventional gravity fed distribution model and low-pressure pipe distribution model were 
created to show the differences in their respective distribution systems. These models compare 
the absorption bed efficiencies and demonstrate specific advantages for each system. 

Advantages for the conventional system are as follows: 

• Relative low cost  
• Low maintenance  
• Effective treatment given acceptable site conditions  

Cost advantages are realized because the conventional system treats and disposes of 
sewage on or near the site where it is generated. These systems have a long-term life 
expectancy and require little, if any, maintenance. Cost advantages are also realized in 
being able to purchase the entire system pre-design and fabricated "off the shelf".  

The State of Utah has developed a code manual detailing the "acceptable" design 
parameters for the conventional system. These parameters are considered law under Utah 
Administrative Code (R317-501 through R317-513) and must be followed when 
considering this system for a specific site. This manual is included in Appendix C.  

Disadvantages for the conventional system are as follows: 

• Limited treatment with poor site conditions  
• Non-uniform effluent distribution  

The wastewater treatment effectiveness of a conventional system is a function of the site 
conditions, particularly the soil characteristics and water table.  

Suitable soil must allow wastewater to pass through the soil slowly enough to provide 
adequate contact time with soil particles and microorganisms, but quickly enough to get 
rid of the wastes. A rough estimate of Utah soils indicate that less than 15% of the soils 
meet mandated criteria (Site Evaluation Techniques for On-Site Wastewater Treatment, 
1988).  

High ground water table is also a critical problem in the state. Due to the seasonal 
variability in the water table elevation, the absorption bed can become saturated. Failure 
occurs due to transport inhibition of the effluent into the soil. This leads to either 
surfacing on the ground or backing up of untreated sewage into the home.  

Advantage for Low Pressure Pipe System 
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• Effective treatment given poor site conditions  
• Uniform distribution of effluent  

Effective treatment and disposal of sewage can be maintained at sites with unsuitable 
conditions by using LPP system principles. In the design of these treatment systems (e.g., 
mound system) a low-pressure pipe distribution system provides a uniform effluent 
distribution throughout the absorption bed resulting in more efficient use of the 
absorption area.  

Disadvantages for Low Pressure Pipe System 

• Relatively expensive  
• Potential maintenance problems  

The LPP system is relatively expensive as compared to the conventional system. The 
increase in cost is due to the pump, the separate pump chamber, and additional design 
requirements that must be met for this system. Also, people seem to be weary of 
installing an electric pump that will require regular maintenance or possibly fail.  

1.1 Design 

For the purposes of our design the following parameters were used as defined by the UDEQ 
Individual Wastewater Disposal Systems Manual (UDEQ Regulations). The system was sized 
for a four (4) bedroom house with a wastewater flowrate of 750 gpd.  

1.1.1 Absorption Bed Area 

The design objective of the large-scale model is to stimulate an actual absorption bed yet 
be able to demonstrate the basic principles behind its operation. A particular point of 
interest is the behavior of the wetting front, distribution uniformity, and a comparison of 
both a conventional and low-pressure pipe distribution systems.  

The following design parameters were taken from the UDEQ regulations after assuming 
an acceptable percolation rate of 1-10 minutes per inch.  

o 165 ft2 per bedroom--660 ft2 (minimum)  
o Maximum application rate--1.6 gal/ft2/day  
o Filter material size--3/4" to 2 1/2" acceptable  

Note: Each parameter above conforms to the UDEQ regulations  

1.1.2 Trench 

Given our spatial limitations in the UWRL greenhouse, the following design parameters 
were selected. This design is cost effective. An AutoCAD drawing was generated for the 
following parameters and shown in Appendix B.  
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o 20 ft trench length  
o 2 ft trench width  
o 2 ft trench depth  

Note: Each parameter above conforms to the UDEQ regulations  

1.1.3 Lateral Requirements 

The required number of laterals can be found by using the following equation:  

# of laterals  

= Required Absorption Area / (Trench Length * Trench Width) 
= 660 ft2 / (20 ft * 2 ft) 
= 16.5 laterals -- laterals  

1.1.4 Lateral Flowrate 

The required flowrate for each lateral (Qlat) can be calculated using the following 
equation: Qlat 
= Qsystem / # of Laterals 
= (750 gal/d) / (17 laterals) 
= 45.5 gal / lateral-day 
= 0.000007 cfs 
= 0.25 pints / min  

This flowrate for the conventional system is a daily average and is assumed to be 
constant. To better demonstrate our objectives a lateral flowrate of 0.5 pints/min (90 
gal/d) was used. 

1.1.5 Pipe Sizing and Design 

1.1.5.1 Conventional  
UDEQ regulations (see above)  

 Standard 4" perforated drainpipe  

1.1.5.2 Low Pressure Pipe  

Utah DEQ Design Guidance Manual for Mound-Soil Absorption Systems 
(Appendix D).  

A. Pipe Sizing and Perforation Spacing  

 2" PVC Pipe 
 2.5 ft distal head requirement 
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 3/8" diameter perforations 
 7" perforation spacing (33 holes)  

Note: Due to economic constraints, the existing water supply was used in place of 
purchasing the required pump. Because of this, it was not possible to obtain the 
required distal head of 2.5 feet with the 33 perforations. Therefore, through trial 
and error, it was determined that 8 perforations were adequate.  

B. Lateral Flowrate  

To calculate the flowrate per orifice (Qorifice), the following equation was used:  

Qorifice = d2 * 11.79 * (H)1/2  

where:  

d = orifice diameter (in.)  
H = distal head (ft)  

The calculated flowrate was 2.62 GPM/orifice. A flowrate of 2.8 GPM/orifice was 
estimated from a rough measurement. Using the calculated flowrate and multiplying it by 
the number of perforations in the lateral, the lateral flowrate was determined to be 22.4 
GPM/lateral.  

C. Dose Calculations  

The dose refers to the timing, volume and duration of effluent that is injected into the 
absorption bed. The time between each dose, dose timing, was assumed to be 6 hours (4 
dosed per day). The dose volume (Dvol) and dose duration (Dduration) was calculated using 
the following equations:  

Dvol  

= Lateral Flowrate / Dose Time  
= (90 GPD) / (4 dose/d)  
=22.5 Gallons / Dose  

Dduration  

= Dvol / Lateral Flowrate  
= (22.5 Gal/Dose) / (22.4 GPM/Lateral)  
= 1 minute / lateral dose  

1.2 Construction 
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Using the AutoCAD construction drawing shown in Appendix B, two trench frames were 
constructed using the following materials. A complete construction materials detail is included in 
Appendix B. 

 
Table 1. Materials and cost 

Material Cost 
Lumber $392.83 
Plumbing $62.15 
Plexi-Glass $112.24 
Gravel $60.00 
Total $627.22 

As can be seen in Figure 1 below, there are plexi-glass windows built into the sides of the 
trenches that allow visual observation of the absorption bed. Gravel was placed in the trenches to 
a depth of 2 feet after construction. The designed pipe systems were then installed on the surface 
of the gravel to comparatively illustrate the differences in the two distribution systems. The pipe 
was installed as level as physical possible and all necessary plumbing was connected. Each 
distribution system was then calibrated to the design flowrates prior to testing. 

 
 

Figure 1. Trench Construction. 

The bottom of the trenches shown above were perforated with 1/2" holes so that the distribution 
effieincies of each system can be measured. 

1.3 Testing 

Each system was designed to illustrate the effluent distribution and absorption bed efficacy. To 
test each system, the designed flowrates and dosing schedule were applied. The systems were 
operated and monitored consistently for a period of two weeks. During this time, it became 
apparent that the systems were working as anticipated and conclusions were then made. 

1.4 Conclusions 
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1.4.1 Conventional System 

1. Uneven water distribution  

As shown in Figure 2, the distribution of water in the conventional system is non-
uniform. The location of the lowest point in the pipe defines where the distribution of the 
effluent will be centered. 

 

 

Figure 2. Conventional Distribution. 

As this pipe equalized into a steady state condition, the water approached the level of the 
perforations throughout the length of the pipe, however, the water was only able to flow 
freely out of the last three perforations. 

Non-uniform distribution in the adsorption bed results is reduced efficiencies in the 
treatment of wastewater. This could become a problem as if the site conditions are not 
suitable. 

2. No visual wetting front  

It is quickly apparent that the water movement through the filter material is in a vertical 
direction only. Therefore, a wetting front is not seen in the conventional system. 
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Figure 3. Conventional Wetting Front. 

Vertical water flow through the absorption bed can lead to problems if the soil 
characteristics below the bed are unacceptable. This would result in possible 
contamination of the ground water and/or failure of the system. 

3. Average Daily Flows Not Realistic  

For the design of our model we used a daily average flow. This is assumed to be constant 
throughout the day, however, this is not the case with an actual system. Temporal 
variations occur throughout the day with peak flows in the morning and evening hours. 

This type of dynamic flow can be simulated by adding additional water to the system and 
observing the distribution patterns over time. It was noticed that if a "flush" of water was 
added to the tank up stream the distribution area increased by utilizing additional 
perforations. 

1.4.2 Low Pressure Pipe System 

1. Even Distribution Throughout System  

The low pressure pipe distribution system proved to have uniform water distribution. As 
shown in Figure 4, the same amount of water is flowing out of each perforation. 
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Figure 4. LPP Distribution Pipe. 

2. Visual Sidewall Wetting Front  

The movement of water through the filter material is both horizontal and vertical when a 
low pressure distribution system is used. This is due to the exit horizontal velocity of the 
water as it leaves the perforation. As a result, a wetting front is visible through the plexi-
glass window in the side to the trench. 

Horizontal water movement can be very beneficial due to the possibility of the 
wastewater interacting with the sidewall of the trench. This sidewall interaction increases 
the surface area that the biological degradation can occur. 

3. Pressure Head Increases When Fill Material is Added  

In following the design manual, the distal head of 2.5 ft was accomplished in the pipe 
prior to installation in the trench. However, once the pipe was installed the fill material 
was placed around the pipe to prevent splashing of the water. This fill material caused the 
piezometric head of the system to increase approximately 6 inches (36 in. total head). 
This high pressure results in higher volumetric flowrates from each orifice and thus a 
higher lateral flowrate. We were unable to determine if this increase in head is accounted 
for in the development of the design manual for mound type (LPP) systems. 

4. Dose Scheduling Dependent Upon Timer, Not Flows  

The assumption about equal dose time intervals is not realistic. Dynamic flowrates in the 
system will alter dose timing and duration. This could become a problem if the dose 
volume is such that it saturates the absorption bed or causes pooling of sewage on the 
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surface of the ground. Using a timer rather than a float switch to control the dose timing 
could control this scenario. 

The results of these models has been an effective teaching tool that can be used to accomplish 
the desired objectives of the Utah On-Site Wastewater Training Center. Comparisons of both a 
conventional (gravity feed) and a low-pressure pipe distribution system can be made. It is 
important to stress that the conventional system is very effective give that the site soil conditions 
are suitable. In the event that a site does not have suitable conditions, an "alternative" design can 
be effectively installed. 

The continuation of this year's Senior Design Project has unlimited opportunities for future 
design teams. 

 

Chapter 2 
2.0 Table-Top Model 
The Utah On-Site Wastewater Treatment Facility serves as an educational extension program. It 
provides training to audiences throughout Utah each year. To illustrate the septic system in a 
classroom setting, the tabletop model was produced. Its main purposes are to show a basic layout 
of a septic system and to compare the conventional and low-pressure systems with regards to 
distribution of the wastewater. The model also illustrates components that are typically buried 
and emphasize the importance soil can serve as a medium for disposal and treatment. This model 
is an effective teaching tool for the training center due to the low cost of construction as well as 
low maintenance costs and it is lightweight, making it easy to transport. This model is only a 
demonstration tool that should be used to show basic concepts and was not made to show scale 
and size. This report will discuss the planning, design, construction, and testing of the tabletop 
model produced, which is shown in Figure 2.1. it will also include information about how this 
model can be used as an educational tool. 

 
 

Figure 2.1. Picture of the Tabletop Model. 
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2.1 Planning and Design 

The first step in the planning process was to meet with the advisory committee on what the 
model should include. The advisory committee was composed of Dr. Ron C. Sims, Mrs. Judy L. 
Sims, Mrs. Margaret Cashell, Dr. Darwin L. Sorensen, and Mr. Steve Iverson. It was decided 
that the conventional system, which is widely used in Utah, should be compared to other, more 
effective alternatives such as the low-pressure pipe (LPP) system or a mound system. Any model 
constructed needed to be lightweight, low cost to construct (less than $200), durable, and provide 
a simple "easy-to-understand" demonstration for audiences. 

Mike Hoover, a soil scientist working at North Carolina State University, was referenced as an 
excellent source for developing a working scale model. When contacted, he referred his 
technician, Chester Cobb. Mr. Cobb has built several models in the past and provided 
information related to materials needed and suggestions for construction design. He also 
suggested an article published in the Journal for Agronomic Education, Volume 19, no. 2, 1990. 
It provided a summary of models developed in the past and the useful purposes they served for 
various audiences. 

Preliminary ideas and sketches were developed and presented to Dr. Ron Sims during the 1998 
Winter Quarter at Utah State University. It was decided that one model would be developed that 
would demonstrate both a gravity fed and pressurized system. Technicians working for the CEE 
department and the Utah Water Research Laboratory were referred to for any assistance needed 
to construct the model. 

An AutoCAD drawing was then created detailing the model. This drawing is located in 
Appendix B for further reference. It was decided to scale the model one inch equal to one foot. 
The Utah Department of Environmental Quality requirements was used for a maximum trench 
width of three feet, a minimum depth of one foot below distribution pipe, and a minimum spatial 
separation of trenches of seven and one-half feet were used in the model. The drawing was 
presented to Dr. Sims and given approval for construction. 

2.2 Materials, Construction, and Testing 

After completion of the design, and acquiring the needed materials, construction began on the 
model. A complete list of all the materials used to construct the model is given in Appendix B. 
This list also shows how much of the materials were used and where they were purchased. 

The first step was to build the septic tanks and trenches, which were made out of 1/4 inch 
Plexiglas due to its durable, flexible, and see-through characteristics. After talking with Ken 
Jewkes, the CEE Technician, the proper steps and tools needed to work with the Plexiglas were 
determined. A band saw was used to make a clean cut in the plastic due to the table saw leaving 
big gouges in the cut. The edges of the plastic were then smoothed with a hand held sander until 
the pieces could fit together snug. Once the pieces were complete the gluing process could begin. 
Methylene chloride, which is a clear liquid, was used to glue the Plexiglas together. To properly 
use this chemical, the MSDS was referenced for proper handling procedures. To apply the liquid, 
3cc medical syringes and needles were purchased from the "chem" store on campus located in 



32 
 

the basement of the Widstowe Chemistry Building. Plastic gloves were worn as so stated in the 
MSDS so that contact with the glue would be to a minimum. Once the tanks and trenches were 
complete, they were tested to see if they could hold water. Both the tanks and the trenches held 
the water applied. Pictures for this segment of the construction process are shown in Figure 2.2. 

 
 

Figure 2.2 Construction of the Plexiglass Tanks and Trenches. 

The trenches and tanks were placed on a 1/2 inch sheet of plywood that was used as the base of 
the model to draw the layout. From this layout a wood frame was constructed and was then 
covered with 1/4 inch layer of cork, which was used to represent dry soil. After completing the 
wood frame, the trenches, from the edge of the plastic trench to the septic tanks, would need to 
be constructed. It was first thought to make these trenches out of wood, but that task turned out 
to be harder than expected. It was then decided to cut the trenches out of the Styrofoam floral 
foam, which was purchased for the absorption filed but turned out to be hydrophobic, making it 
a durable yet easy to work with alternative. Once the Styrofoam trenches were glued in place 
they were covered with the cork to give the effect of soil and protect the foam. 

With all of the trenches laid out, the piping system was then put together. Acrylic tubing was 
used to simulate the pipe due to its flexibility and the fact that it is clear, making it possible to 
see the water flow throughout the system. The tubing was cut using the band saw and was then 
sanded to a smooth finish. The pipes in the absorption field were then drilled with a 1/16th inch 
drill bit at the 5 and 7 o'clock position with a 1/2 inch spacing lengthwise. The drill press used 
had a vice and movable platform, which kept the holes in a straight line. The tubing was then 
connected with a 1/2 inch outer diameter flexible plastic tubing, which fit snug into the 3/8-inch 
outer diameter acrylic tubing. This type of joint was used due to its great flexibility, simplicity, 
and the fact that it is also clear to match the acrylic tubing. After connecting the pipe system, it 
was flushed with water to check for any leaks. The joints did not leak but it was noticed that after 
considerable time, of taking the pipes off and putting them back on, the fit was less snug. For 
future modification a plastic union joint/elbow could be used instead of the plastic tubing to give 
the joint a longer period of use with a better hold. The only problem is that the union joints found 
were not clear. 

To complete the model, floral foam was placed snug into the trenches to simulate the soil, and 
aquarium gravel was then placed on top. This was done as stated in the Utah DEQ regulations. 
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After testing the initial floral foam, which was similar to Styrofoam, it turned out to be 
hydrophobic and was used for the trenches leading from the absorption filed to the tanks. The 
Oasis foam, found later, worked the best absorbing the water as planned, showing a distinct color 
difference when the water was added. The Oasis flora foam was obtained from the Plant Peddler 
located at the Cache Valley Mall for $1.00 a brick. The pipes were then laid on top of the gravel 
so that the water could be seen as it flows through the system. The pipes are laid flat and can be 
checked with the hand held level. A side view of an operational trench is given below in Figure 
2.3 to help clarify. 

 
 

Figure 2.3 Side View of an Operational Trench. 

A grass cover was made to complete the model. It was constructed by hot gluing an artificial 
grass turf onto a peg-board, which was cut in two pieces. This was done so that one side of the 
model could be covered up while demonstrating the other side, enhancing the visual effect. 
Figure 2.1 shows a view of the model with the grass cover in place. 

The construction of the tabletop model totaled 89 man-hours between both Micah Nielsen and 
Ross Gleason. Most of this time was spent in the construction of the tanks and trenches learning 
how to work with the materials and methods used. For future models this time can be cut by 5 to 
10 man-hours. A list of the total hours used to complete the model is given in Appendix B. 

2.3 Use of the Model 

The model developed provides the Utah On-Site Wastewater Treatment Facility a mobile 
demonstration tool. The model essentially shows where the wastewater goes for treatment into 
the absorption field. The model can then be transported to various sites and used to demonstrate 
the differences in wastewater distribution between the pressurized and the gravity fed systems. 
This is shown by using a floral foam that acts just like soil, turning a dark brown when wet. 
Audiences will also be able to see the basic layout of an underground distribution system. 

All of the materials discussed are listed on the user manual as well as a quick reference of how to 
run each of the systems. The user manual is attached in Appendix E for further references. 

The gravity fed system is demonstrated by filling the tank with water to the level of the outlet 
pipe, which is positioned lower than the inlet. Water is manually added to the tank with the extra 



34 
 

tube and funnel. As the water "flushes" into the tank, the effluent leaves and flows into the 
distribution pipe. The water exits the pipe through the perforated holes and percolates into the 
soil and forms a wetting front. The audience can visually see the wetting front as it forms. In the 
case of the gravity fed system, the wetting front should show an uneven distribution along the 
length of the pipe. After the wetting front is formed, the floral foam can be removed. Using a 
knife the demonstrator can cut through segments of the foam to show a cross-sectional 
distribution of the front. 

An interactive discussion can be given with the audience about how the uneven distribution can 
eventually affect the soil's ability to effectively treat the soil. The demonstrator can point out to 
the audience that wastewater can overload at the lowest exit points from the pipe. This 
overloading point can be a potential point of failure for treatment. 

The pressurized system is demonstrated by first filling the tank to the level of the effluent pipe. 
The aquarium pump is then hooked up to the inlet of the tank. When it is turned on it creates a 
positive pressure inside the tank forcing the water out and into the distribution system. It must be 
noted to the audience that normally a pump is used to remove the wastewater. The pump should 
be turned on and off in short doses. The audience will see a wetting front with a more even 
distribution. After the wetting front is formed the floral foam can be removed. Using a knife the 
demonstrator can cut through segments of the foam to show a cross-sectional distribution. A 
similar interactive discussion about treatment can be given about the even distribution, and 
comparisons can be made with the audience. It must be noted that the pressurized tank used in 
the model does not truly represent an actual low-pressurized piping system. 

2.4 Conclusions 

The tabletop model was demonstrated to audiences on the 15 and 22 of May 1998. Over these 
two presentations the model was shown to the advisory committee, Dean Bruce Bishop of the 
College of Engineering at USU, a representative of the Utah DEQ, next year's senior design team 
1998-99, and local citizens. The general response was positive. The most pleasing aspect of the 
presentation was the interaction between the demonstrators and the audience as well as the 
chance to interactively learn about the septic systems discussed. For these presentations the 
tabletop model proved to be an effective teaching tool that ultimately can go anywhere teaching 
anyone willing to learn. 

 

Chapter 3 
Pipe Flow Diffusion Model 
Besides a physical model, and a scale model of a conventional treatment system, a computational 
model of a low-pressure conventional treatment system was developed. This model is simpler 
than the other models. It is used to model diffusion from a single pipe in the drainfield of a low-
pressure system and not the entire system. Such a model would enable different pipe designs to 
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be tested without placing them in the ground. Regulations require 2.5 feet of head in the pipe. 
The number, size, and spacing of holes affect the head that will be maintained in the pipe. There 
are tables available to aid in designing the layout of these holes, but they are not always correct. 
Hand calculations are very tedious and can take a considerable amount of time. The model can 
be used to vary any parameter, and the output can be seen immediately. 

The model is based on the method used in Dr. Blake Tullis' Outfall Diffuser Design Program 
spreadsheet. Some changes and additions were made to this outline, but the concept, and basic 
calculations are the same. The model was written with Borland Delphi 3, using the object Pascal 
language, as a stand-alone program that can be easily distributed. 

3.1 Description of the Pipe Flow Diffusion Model 

The overall pipe flow diffusion problem requires a lot of calculations, and depending on the 
number of orifices in the pipe, can take a lot of time. We can divide this problem into two parts, 
a pipe friction problem, and an orifice problem. These are solved for each reach of the pipe. 

There are six variables used to define and solve the pipe flow diffusion problem, energy, 
absolute roughness e, flow into the pipe, diameter of the pipe, diameter of the holes, and the 
distance between the holes. All other variables can be calculated from these. 

The energy loss due to friction is solved using the Darcy-Weisbach equation given as follows: 

(1) 

The friction factor f, is calculated using equations 2, 3, and 4. Equation 2 is used for laminar 
flow, which occurs at Reynolds numbers less than 2100. Equation 3 is the Colebrook-White 
equation, and is used when 2100 < Re < 5000. Equation 4 is used for Reynolds numbers greater 
than 5000, and comes from Hardee, 1998. The friction factor tells us how much energy is lost 
due to friction with given pipe roughness, size, and flow rate. 

(2) 

(3) 

(4) 
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We now know the amount of head loss, or energy loss, along a given section of the pipe of 
length L. Energy is reduced by this amount, and the orifice problem is now solved at this point. 
The coefficient of discharge, Cd, is a number that varies for each type of orifice, we assume the 
orifices are sharp edged. Cd varies with energy according to Equation 5. 

(5) 

Cv is known as the velocity coefficient, and Cc is the coefficient of contraction. 

The flow at each orifice along the pipe is calculated from Equation 6, from Streeter, 1979. This 
equation shows that the flow out of the orifice is dependent on the area of the orifice, the 
coefficient of discharge, and the head (E) in the pipe. 

(6) 

This process is repeated until the flow at each orifice is known. The energy is decreased due to 
friction along each reach of the pipe, and the flow at each orifice is calculated using the 
conditions at that point in the pipe. If the sum of the flows out is equal to the flow entering the 
pipe then the problem is solved. An incorrect guess of the initial energy will cause this condition 
to not be met. The ratio of the new energy guess to the initial energy value is proportional to the 
flow in over the sum of the flows out. The process is repeated until Qin-Qout < 0.00001, at this 
point we know the correct flows at each orifice, and the head in the pipe. 

3.2 Model Assessment and Conclusions 

The model has been verified with the large-scale physical model of the low-pressure system. The 
flows observed in the large-scale model, and those calculated from the computer model were 
approximately equal. The energy in the computer model, however, regularly exceeds the head 
measured in the physical model. This is not seen to be a problem, because the head in the large-
scale model varies depending on the degree to which the holes are blocked. The source code for 
the model can be found in the appendices, and the program can be easily modified in the future if 
any additional features are needed. The code is with the executable file on the disk. 

Conclusion 
Overall, this first step in developing these educational tools for the Utah On-Site Wastewater 
Treatment Training Center has been an excellent learning experience for everyone involved. Our 
project group was able to gain valuable experience in working as a team towards a real-world 
enigma and meeting our designated goals. The Training Center will benefit from our efforts as a 
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first step in its inception. The opportunities for future development by Senior Design Teams are 
limitless. The Training Center will continue to grow and expand with the use of the invaluable 
contributions of these future teams. 

 

For more information about the training center you may contact Steve Iverson, the training 
center director at (435) 797-3159, (435) 797-3663 (Fax), siverson@cc.usu.edu, or the training 
center website at [http://www.neng.usu.edu/uwrl/training]. 

  

mailto:siverson@cc.usu.edu
http://www.neng.usu.edu/uwrl/training
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Appendix B 
Construction Drawings and Materials 

 
Table B1. Materials Detail for Large Scale Model 

Materials Size Quantity 
Lumber 

Plywood 1/2" x 4' x 8' 12 
Building Studs 2" x 4" x 8' 40 

Plexi-Glass 1/4" x 4' x 8' 1 
Gravel 1" - 2" washed 5 yd3 
Plumbing 

PVC Pipe 4" Perforated 20 ft 
PVC Pipe 2" 20 ft 
End Caps 4" 1 
End Caps 2" 1 
Couples 4" 1 
Couples 2" 1 
Primer Pint 1 
Glue Pint 1 
Valves 3/4" Brass 2 
Hose Connectors 3/4" Plastic 2 

Painting Supplies 
Primer Gallons 2 
Exterior Oil Based Gallons 1 
Silicone Tube 10 
Caulking Gun std 1 
Paint Brushes 4" Brush 1 
Rollers 4" & 8" 1 each 

Miscellaneous Supplies 
Screws 2" grabbers 5 lbs. 
Screws 1/2" grabbers 3 lb 
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Appendix B (Continued) 
 

Table B2. Materials Needed, Respective Costs, and Location of  
Purchase to Construct the Table-Top Model 

Materials Purchase 
Location Costs/Unit # of Units  

1/8-inch Plexiglas Anderson Lumber -- -- 
Cork board Anderson Lumber -- -- 
Acrylic Tubing -- -- -- 
Methylene Chloride -- -- -- 
Floral Foam Wal-Mart $4--99 -- 
Oasis Floral Foam Plant Peddler $1 -- 
5/8-inch OD and 1/2-inch ID plastic tubing Anderson Lumber -- -- 
1/2-inch OD and 3/8-inch ID plastic tubing Anderson Lumber -- -- 
Artificial Grass Anderson Lumber $3.99 -- 
1/2-inch plywood Anderson Lumber -- -- 
1/2-inch trim Anderson Lumber -- -- 
1/4-inch Peg board Anderson Lumber -- -- 
Rubber Cement Anderson Lumber $0.99 -- 
Nails Anderson Lumber -- -- 
Funnel Anderson Lumber $0.59 -- 
Exact-o knife Anderson Lumber $1.99 -- 
Hot glue sticks Anderson Lumber $1.99 -- 
Aquarium pump Walt-Mart $10.99 -- 
Aquarium gravel Wal-Mart $2.99 -- 
Kitchen knife Wal-Mart -- -- 
Level Wal-Mart -- -- 
Film -- -- -- 
Film development -- -- -- 

 

Adsorption Bed Models 
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Appendix C 
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Appendix D 
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APPENDIX E 
USER MANUAL 

 

Table-Top Septic Model 

Inventory 

1. Gravity fed conventional septic tank 
-- Funnel with 12 inch 5/8 O.D. tubing 

2. Low pressurized septic tank 
-- Aquarium pump with tubing  

3. Two, 30 inch Plexiglass trenches 
-- Oasis floral foam 
-- Enough gravel for 1 inch layer 

4. Acrylic and plastic tubing (enough to run from each tank to the end of each 
trench) 

5. Hand held level  
6. Grass covers  
7. Cutting knife and/or exact-o knife  

Set-Up 

8. Cut and place floral foam snugly into trenches  
9. Place gravel on top making a one-inch layer  
10. Place trenches on model  
11. Place perforated pipes in trenches and connect the remaining tubing  
12. Fill both tanks until water level is 1/4 inch below each outlet  
13. Connect tanks to its respective piping system  

Operation 

Conventional System  

14. Hook up 12 inch, 5/8 O.D. tubing and funnel to the inlet for the conventional 
tank, which is positioned higher than the outlet  

15. Fill tank until water level reaches the outlet  
16. Pour small amounts of water to simulate flushes to the system, plug flow  
17. Watch for wetting front near the first 1/3 of the trench  

Low Pressure Piping System  
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18. Hook aquarium pump tubing to inlet of tank  
19. Turn on pump in short bursts to simulate the pump turning on and off when pump 

is equalized  
20. Watch for the wetting front along the entire length of the trench  

Clean-Up 

21. Unhook and empty both tanks and piping systems  
22. Remove trenches and over a clean surface dump entire contents out  
23. Dispose of foam and place gravel in storage container  
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Appendix F 
Pipe Flow Model 

Instructions for Use 
The program consist of two forms, the output form shown in Figure 1, and the input 
shown in Figure 2. The program starts by displaying the output form, which shows the 
pipe under the default input conditions. There are four buttons across the top, they are the 
calculation, input, zoom in, and zoom out buttons respectively. The calculation button is 
used to run the model, and generate the output. The output is displayed in the text box 
under the visual representation of the pipe. The output includes the Reynolds number, the 
head in the pipe, and the flow out of each orifice along the pipe. It may be necessary to 
scroll the output horizontally in this box in order to see all of the output. Clicking in the 
text box, and using the arrow keys, or the "home" and "end" keys does this. 

 

The input button is used to display the input form with the current model parameters. The 
variables required are the length of the pipe, the diameter, the flow rate, the pipe 
roughness height, the number of orifices, or ports, and the number of holes at each port. 
The spreadsheet style input box at the bottom of the screen is used to enter the diameter 
of the holes along the pipe, and the length of pipe between the holes. These inputs can be 
used to vary the spacing and diameter of holes in order to see the effects on dispersion 
along the pipe. Each time a parameter is changed, press the enter key, and when all the 
inputs are satisfactory, click the button labeled "apply." After the changes are applied, 
you can either close the window by clicking "OK" or leave it open and switch to the 
output window. To run the model, click the calculate button, and the results will be 
displayed in the text box. 
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Appendix G 
Source Code of Computer Program 

unit Pipe1; 

interface 

Uses 

Windows, Messages, SysUtilis, Classes, Graphics, Controls, Forms, Dialogs, StdCtrls, 
Math, Grids, Inputs, Menus, Buttons, ExtCtrls, ToolWin, ComCtrls; 

type  

TForm1 = class(TForm) 
ScrollBar1: TScrollBar; 
Image1: TImage; 
ToolBar1: TToolBar; 
SpeedButton1: TSpeedButton; 
SpeedButton2: TSpeedButton; 
Edit1: TEdit; 
SpeedButton3: TSpeedButton; 
SpeedButton4: TSpeedButton; 
procedure FormCreate(Sender: TObject); 
procedure FormShow(Sender: TObject); 
procedure FormActivate(Sender: TObject); 
procedure FormPaint(Sender: TObject); 
procedure ScrollBar1Change(Sender: TObject); 
procedure BitBtn1Click(Sender: TObject) 
procedure SpeedButton1Click(Sender: TObject); 
procedure SpeedButton2Click(Sender: TObject); 
procedure SpeedButton3Click(Sender: TObject); 
procedure SpeedButton4Click(Sender: TObject) 
procedure FormResize(Sender: TObject); 
private { Private declarations } 
public {Public declarations} 
end;  

var 
Form1: TForm1; 

Type TPointExtended = Record 
X, Y : Extended; 
end; 



48 
 

TPipe = Record 
Area, Diameter, HoleDiameter, f, InitialFlow, e, Length : Extended; 
Tabs : Array[1..50] of TPointExtended; 
Lengths, Distances ; Array[1..50] of Extended; 
NumberOfPorts, NumberOfHoles : Integer; 
end; 

Var Pipe : TPipe; 

implementation 

{$R * .DFM} 
Var {Global Variables} 
G, d, E1, EInit, Q1, APipe, f, Qs, PipeDiameter, PixelsPerFoot : Extended; 
NumberOfPorts : Integer; 
Viewpoint : TPointExtended; 
BackGround : TBitmap; 
OutString : STring; 

Function ColebrookWhite(f, Re: Extended): Extended; 
Var F1, F2 : Extended; 
Begin 
F2 := f; 
Repeat 
f1 := f2; 
f2 := sqr(1/(2*Log10(Pipe.e/(3.7*Pipe.Diameter)+2.52/(Re*sqrt(f1))))); 
until abs(f2-f1)<0.00001; 
Result := f2; 
end; 

Procedure Interate(Var En : Extended) 
Var i : Integer; 
Q, Q1, Vpipe, Dh, Cd, Energy, QPort, Re : Extended; 
Begin 
Q1 := Pipe.InitialFlow*77/34560; {Conversion from gal/min to cfs} 
Q2 := Q1; 
Qs := 0; 
Energy := En; 
OutString := "; 
For i := 1 to Pipe.NumberOfPorts do 
Begin 
VPipe:=abs(Q/Pipe.Area) 
Re := VPipe*Pipe.Diameter/1.41E-5; 
f := 64/Re; 
if (f > 2100) and (f <5000) then f := ColebrookWhite(f, Re); 
if f > 5000 then f := 1.325/sqr(In(pipe.e./Pipe.Diameter/3.7 + 5.74/power(Re,0.9))); 
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If i = 1 then dh := 0 else dh := f*Pipe.Lengths[i]/Pipe.Diameter*sqr(Vpipe)/(2*g); 
Energy := Energy - dh; 
Cd := 0.63-0.58*sqr(VPipe)/(2*g*Energy); 
QPort := 
Cd*pi*sqr(pipe.NumberOfHoles*Pipe.HoleDiameter)/4*Power((2*g*Energy),0.5); 
OutString := OutString + FormatFloat('0.000E+',QPort*34560/77) +', '; 
Q := Q - QPort; 
Qs := Qs + QPort; 
end; 
En := En*Q1/Qs; 
OutString := 'Re:' + FormatFloat('##.#',Re)+ "E:' + FormatFloat(##.##',En) + 'flows:' + 
OutString; 
Form1.Edit1.Text := OutString; 
end; 

Procedure DrawPipe; 
Var i, X, Y, X1, X2, Y1, S, r : Integer; 
NRect : TRect; 
Begin 
BackGround.Canvas.Brush.Color : = CIBtnFace; 
BackGround.Canvas.Rectangle(0,Form1.Toolbar1.Height+1,Form1.Client/Width, 
Form1.ClientHeight); 
BackGround.Canvas.MoveTo(10,173); 
BackGround.Canvas.LineTo(10,178); 
BackGround.CanvasMoveTo(10,175); 
BackGround.Canvas.Lineto(10+Trunc(PixelsPerFoot),175); 
BackGround.CanvasMoveTo(10+Trunc(PixelsPerFoot),173); 
BackGround.Canvas.LineTo(10+Trunc(PixelsPerFoot),178); 
BackGround.Canvas.TextOut((10+Trunc(PixelsPerFoot)) Div 2,176,'1""); 
X1 := Trunc(Form1.ClientWidth*0.5-(Viewpoint.X + Pipe.Length*0.5)*PixelsPerFoot); 
X2 := Trunc(Form1.ClientWidth*0.5-(Viewpoint.X - Pipe.Length*0.5)*PixelsPerFoot); 
S := Form1.Image1.Picture.Bitman.Width; 
Y1 := Trunc(Form1.ClientHeight*0.5-
(Viewpoint.Y+Pipe.Diameter*0.5)*PixelsPerFoot); 
NRect := Rect(Trunc(Form1.ClientWidth*0.5-(Viewpoint.X + 
Pipe.Length*0.5)*PixelsPerFoot),Trunc(Form1.Clientheight*0.5-(Viewpoint.Y- 
Pipe.Diameter*0.5)*PixelsPerfoot),Trunc(Form1.ClientWidth*0.5-(Viewpoint.X - 
Pipe.Length*0.5)*PixelsPerFoot, Trunc(Form1.ClientHeight*0.5- 
(Viewpoint.Y+Pipe.Diameter*0.5)*PixelsPerfoot)); 
BackGround.Y+Pipe.Diameter*0.5)*PixelsPerFoot)); 
r := Round(Pipe.HoleDiameter*0.5*PixelsPerFoot); 
If r < 1 then r := 1; 
For i := 1 to Pipe.NumberOfPorts do 
Begin 
X := Trunc(Form1.ClientWidth*0.5-(Viewpont.X+Pipe.Length*0.5-
Pipe.Distances[i]*PixelsPerFoot); 
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Y := Trunc(Form1.ClientHeight*0.5-(Viewpoint.Y)*PixelsPerFoot); 
BackGround.Canvas.Ellipse(X-r, Y-r, X+r, Y+r); 
end; 
Form1.Canvas.Draw(0,0BackGround); 
end; 

Procedure FillGrid; 
Var I : Integer; 
Begin 
With Form1 do 
Begin 
InputForm.STringGrid1.Cells[0.0} := 'Port#'; 
InputForm.StringGrid1.Cells[0.1] := 'Length'; 
InputForm.StringGrid1.Cells[0.2] := 'Diameter'; 
For i := 1 to pipe.NumberOfPorts do 
Begin 
InputForm.STringGrid1.Cells[i,0] := IntToStr(i); 
InputForm.STringGrid1.Cells[i,1] := FormatFloat('#0.00',Pipe.Lengths[i]); 
InputForm.STringGrid1.Cells[i,2] := FormatFloat('#0.00',Pipe.HoleDiameter{[i]}); 
end; 
end; 
end; 

Procedure SetHoleSpacing; 
Var i : Integer; 
Begin 
Pipe.Lengths[1] := 0; 
Pipe.Distances[1] := 0; 
For i := 1 to Pipe.NumberOfPorts do Pipe.Lengths[i] := 2.333; 
For i := 2 to Pipe.NumberOfPorts do Pipe.Distances[i] := Pipe.Distances [i-1] + 
Pipe.Lengths[i]; 
end; 

Procedure UpdateHoleSpacing; 
Var i : Integer; 
Begin 
Pipe.Distances[1] := Pipe.Lengths[1]; 
For i := 2 to Pipe.NumberOfPorts do Pipe.Distances[i] := Pipe.Distances[i-1] + 
Pipe.Lengths[i]; 
end; 

procedure TForm1.FormCreate(Sender: TObject); 
Var i : Integer; 
begin BackGround : = TBitmap.Create; 
BackGround.Width := Form1.ClientWidth; 
BackGround.Height := Edit1.Top; 
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BackGround.Canvas.Font.Size := 6; 
G := 32.2; 
Pipe.e := 0.00006; 
PixelsPerFoot := 40; 
Pipe.Length := 20; 
Viewpont.X := 0; 
Viewpont.Y := 0; 
Pipe.HoleDiameter := 1.388E-2; 
NumberOfPorts := 8; 
Pipe.NumberOfPorts := 8; 
SetHoleSpacing; 
end; 

procedure TForm1.FormShow(Sender: TObject); 
Var i : Integer; 
begin 
FillGrid; 
DrawPipe; 
end; 

procedure TForm1.FormActivtate(Sender: TObject); 
begin 
UpDateHoleSpacing: 
FillGrid; 
DrawPipe; 
end; 

procedure TForm1.FormPaint(Sender: TObject); 
begin 
DrawPipe; 
end 

procedure TForm1.ScrollBar1Change(Sender: TObject); 
begin 
Viewpont.X := ScrollBar1.Position/10; 
DrawPipe; 
end 

procedure TForm1.BitBtn1Click(Sender: TObject); 
begin 
InputForm.Show; 
end; 

procedure TForm1.SpeedButton1Click(Sender: TObject); Var En, Q : Extended; 
i = Integer; 
Code : Integer; 
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begin Pipe.Area := pi*sqr(Pipe.Diameter)/4; 
UpDateHoleSpacing; 
En := 2.5; 
Repeat 
Interate(En); 
Q := Qs * 34560/77; 
Until Abs(Q - Pipe.InitialFlow) < 0.00001; 
end; 

procedure TForm1.Speedbutton2Click(Sender : Object); 
begin 
InputForm.Show; 
end; 

procedure TForm1.Speedbutton3Click(Sender: TObject); 
begin 
PixelsPerFoot := PixelsPerFoot*5/4; 
ScrollBar1.Max := Trunc(Pipe.Length*0.5*10); 
ScrollBar1.Min := -ScrollBar1.Max; 
DrawPipe; 
end 

procedure T-Form1.SpeedButton4Click(Sender: TObject); 
begin 
PixelsPerFoot := PixelsPerFoot*4/5; 
ScrollBar1.Max := Trunc(Pipe.Length*0.5*10); 
ScrollBar1.Min := -ScrollBar1.Max; 
DrawPipe; 
Begin 

procedure TForm1.FormResize(Sender: TObject); 
begin 
ScrollBar1.Left := 1; 
ScrollBar1.Width := Form1.ClientWidth-1; 
ScrollBar1.Top := Form1.ClientHeight-ScrollBar1.Height; 
Edit1.Top := ScrollBar1.Top - Edit1.Height; 
Edit1.Width := ScrollBar1.Width; 
BackGround.Width := Form1.ClientWidth; 
BackGround.Height := Edit1.Top; 
DrawPipe; 
end 

end. 

unit inputs; 
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interface  

Uses Windows, Messages, SysUtils, Classes, Graphics, Controls, Forms, Dialogs, 
StdCtrls, Buttons, ExtrCtrls, Grids; 

type 
TInputForm = class(TForm) 
Panel1: TPanel; 
Panel1: TLabel; 
Label2: TLabel; 
Label3: TLabel; 
Label4: TLabel; 
EditFlowRate: TEdit; 
EditDiameter: TEdit; 
EditPorts: TEdit; 
EditK: TEdit; 
BitBtn1: TBitBtn; 
Label5: TLabel; 
EditLength: TEdit; 
StringGrid1: TStringGrid; 
Button1: TButton; 
Label6: TLabel; 
EditHoles: Tedit; 
procedure BitBtn1Click(Sender: TObject); 
procedure FormActivate(Sender: TObject); 
procedure FormCreate(Sender: TObject); 
procedure Button1Click(Sender; TObject); 
procedure StringGrid1SetEditText(Sender: TObject; ACol; ARow: Integer; 
const Value: String); 
procedure FormResize(Sender: TObject); 
private 
{private declarations} 
public 
{Public declarations} 
end; 

var 
InputForm: TInputForm; 

implementation 
{$R *.DFM} 
Uses Pipe1; 
procedure TInputForm.BitBtn1Click(Sender: TObject); 
Var Code : Integer; 
begin 
Val(EditPorts.Text,Pipe.NumberOfPorts,Code); 
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Val(EditDiameter.Text,Pipe.Diameter,Code); 
Val(EditFlowRate.Text,Pipe.InitialFlow,Code); 
Val(EditK.Text,Pipe.e,Code); 
Val(EditLength.Text,Pipe.Length,Code); 
Val(EditHoles.Text,Pipe.NumberOfHoles,Code); InputForm.Hide; 
end 

procedure TInputForm.FormActivate(Sender: TObject); 
begin 
InputForm.EditPorts.Text := IntToStr(Pipe.NumberOfPorts); 
InputForm.EditDiameter.Text := FormatFloat('##.##',Pipe.Diameter); 
InputForm.EditFlowRate.Text := FormatFloat ('##.##',Pipe.InitialFlow); 
InputForm.EditK.Text := FormatFloatk('##.#######',Pipe.e); 
InputForm.EditLength.Text := Formatfloat('##.##',Pipe.Legnth); 
InputForm.EditHoles.Text := FormatFloat ('##.##',Pipe.NumberOfHoles); 
end; 

procedure TInputForm.FormCreate(Sender: TObject); 
begin 
//Pipe.NumberOfPorts := 33; 
Pipe.NumberOfHoles := 2; 
Pipe.Diameter := 1/6; 
Pipe.InitialFlow := 33; 
//Pipe.e := 0.00006; 
end 

Procedure FillGrid; 
Var i : Integer; 
Begin 
With Form1 do 
Begin 
InputForm.StringGrid1.Cells[0.0] := 'Port #'; 
InputForm.StringGrid1.Cells[0.1] := 'Length'; 
InputForm.StringGrid1.Cells{0.2} := 'Diameter'; 
For i := 1 to Pipe.NumberOfPorts do 
begin 
InputForm.StringGrid1.Cells[i,0] := IntToStr(i); 
InputForm.StringGrid1.Cells[i,1] := FormatFloat('#0.00',Pipe.Lengths[i]); 
InputForm.StringGrid1.Cells[i,2] := FormatFloat ('#0.00', Pipe.HoleDiameter{[i]}); 
end 

end; 

end;  
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procedure TInputform.Button1Click(Sender: TObject); 
VarCode : Integer; 
begin 
Val(EditPorts.Text,Pipe.NumberOfPorts,Code); 
Val(EditDiameter.Text,Pipe.Diameter,Code); 
Val(EditFlowRate.Text,Pipe.InitialFlow,Code); 
Val(EditK.Text,Pipe.e,Code); 
Val(EditLength.Text,Pipe.Length,Code); 
FillGrid; 
End; 

procedure TInputForm.StringGrid1SetEditText(Sender: TObject; ACol, 
ARow: Integer; const Value: String); 
Var Code : Integer; 
begin 
If ARow = 1 then 
If (ACol > 0) and (ACol < = Pipe.NumberOfPorts) then 
Val(Value,Pipe.Lengths[ACol.],Code); 
If ARow = 2 then 
If (ACol > 0) and (ACol < = Pipe.NumberOfPorts) then 
Val(Value,Pipe.HoleDiameter{[ACol]},Code);  

end;  

procedure TInputForm.FormResize(Sender: TObject); 
begin 
Width := StringGrid1.Width+10; 
end; 

end. 
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EXECUTIVE SUMMARY 
Based on a contract with Utah's Division of Environmental Quality, the Utah On-Site 
Wastewater Treatment Training Center agreed to train up to one-hundred local Health District 
employees throughout the State of Utah regarding on-site wastewater treatment. In order to 
assess the training needs of their audience, the Training Center contacted the Business 
Department at Utah State University and through Dr. Baucus, College of Business, ultimately 
employed our group of MBA students. This consulting group conducted four focus groups 
during a conference at Bryce Canyon and a pilot group in Logan that were attended by many 
local health department employees. It was decided that focus groups would be the best 
instrument for this consulting project based on their ability to gather qualitative as well as some 
quantitative data. In addition to the focus groups, a written survey was utilized to gather 
demographic information about the local Health District employees as well as collect some 
feedback regarding the first training seminar they had received from the Utah On-Site 
Wastewater Treatment Training Center. 

Some of the key findings that resulted from this consulting project are listed below. Other 
findings such as demographic information, cost, quality, location, and timing of training sessions 
are addressed in the body of the report. 

What Should the Training Center Teach? It was recommended that the Training 
Center continue to teach soil classification, site characterization, and the basic operation 
of on-site systems. Other recommended topics include the operation and feasibility of 
"alternative" systems, troubleshooting defective systems, and understanding of on-site 
system rules and regulations.  

Who Should Receive the Training? In addition to the employees of statewide Local 
Health Districts, several other groups could benefit from this instruction. Some of the 



frequently mentioned groups are system designers, installers, contractors, homeowners, 
and government planning and zoning authorities.  

How Should the Training Be Delivered? "Hands-on" instruction was voiced as the 
most effective way to teach the evaluation of soil, site, and system operation. Written 
reference material will be helpful in supporting these topics and addressing the 
interpretation of rules and regulations.  

 

INTRODUCTION 
Background 
Through the 1970's and 80's, most communities opted for a centralized system of collecting and 
treating its wastewater. This selection was at least partly due to the fact that publicly owned 
central systems were eligible for federal funding. Over time, population growth has led to 
overtaxing of existing facilities creating a need to expand existing facilities at great cost. In April 
of 1997, the Environmental Protection Agency issues its "Response to Congress on Use of 
Decentralized Wastewater Treatment Systems" (Publication 832R97001B). In this report, the 
EPA stated that "adequately managed decentralized wastewater systems are a cost-effective and 
long-term option for meeting public health and water quality goals." Within this category of 
decentralized wastewater treatment systems is the conventional on-site septic system. 

According to the report, one of the barriers to implementing 
such wastewater treatment systems is a general lack of 
knowledge since most colleges and technical instruction 
programs do not address issues involved in the use of septic 
systems. The EPA's report went on to say that professional 
training and certification programs should include material on 
decentralized and on-site systems and that state and local 
agencies should do their part to promote their viability. 

In response, Utah's Department of Environmental Quality 
contracted with the Utah On-Site Wastewater Treatment 
Training Center to train approximately one-hundred local 
health department employees on the subject of on-site 
wastewater treatment systems. In Utah, one of the top five 
fastest growing states in 1997, it is estimated that 168,000 
homeowners use an on-site septic system. This number growing in the neighborhood of 3,500 
systems per year. Though exact numbers regarding installations, maintenance costs, and public 
health effects are not clear, it is obvious that many citizens and communities in Utah have a stake 
in seeing that these systems are managed properly. 



How an On-Site Septic Systems Works 
An on-site system is a wastewater 
treatment method that collects, 
treats, and disposes of wastewater 
generated by locations such as 
homes and businesses. The system 
generally contains two main parts: 
the tank and the drainfield. 

As sewage enters the buried concrete 
septic tank from the building, 
treatment begins as the tank holds 
the wastewater long enough for 
solids and liquids to separate. 
Heavier solids settle to the bottom 
while lighter wastes such as oils and grease rise to the top. Bacteria begin to break down the top 
and bottom layers while the partially treated center layer is drained by gravity through a carefully 
placed outlet baffle to the drainfield. The solids in the tank that are not broken down slowly build 
up and must eventually be removed. 

The drainfield typically consists 
of a series of perforated pipes 
buried in trenches that are lined 
with gravel or coarse sand. This 
drainfield and the surrounding 
soil act as the final filter for the 
treatment of the wastewater. 
Depending on the quality and 
composition of the soil, this 
process can effectively treat 
wastewater before it enters the 
ground water. 

 

PROBLEM STATEMENT 
In order to establish a more consistent and comprehensive level of training for on-site wastewater 
treatment, the Utah On-Site Wastewater Treatment Training Center has contracted with the Utah 
Department of Environmental Quality to train approximately one-hundred Local Health District 
and Department of Environmental Quality employees. The objective of our MBA student 
consulting group is to determine for the Training Center what this audience perceives as their 
most important need for training on this topic and how this training would most effectively be 
delivered. Since it is anticipated that the Training Center will eventually serve other groups that 



have an interest in on-site wastewater treatment, this feedback, along with later surveys, will 
form the foundation of information that can be used to evaluate and meet future training 
requirements in Utah. 

 

RESEARCH METHODS 
Why Focus Groups? 
Focus groups were chosen as the qualitative research instrument in determining the most urgent 
training requirements of our audience. This method allowed us to observe the group, as well as 
provide a way to discuss specific issues in depth. Group interviews also provided the opportunity 
to address a wide range of issues to ensure that key issues were not missed. Video footage was 
taken, as well as a back-up of tape recordings to ensure that specific comments and physical 
reactions were not overlooked. Also, refreshments were available to provide a more relaxed and 
comfortable atmosphere for the participants. The video cameras did not appear to affect 
participants after the first few minutes as they were assured that the cameras were to be used for 
our evaluation and that we would assure anonymity. 

Current literature on focus group studies suggest this is an excellent method in gleaning 
qualitative information or data that would not be obtainable through conventional reporting or 
observational methods. Group interviews also have the ability to expose important issues not 
necessarily relevant to the immediate group, but of importance to the research in general. 
Underlying attitudes, opinions, and behavior patterns are also exposed in focus group settings, 
but would likely be missing in conventional quantitative research methods. 

In using focus group studies, we assumed that our interviewees possess a valuable source of 
information and that they would be able to report this information through articulate 
verbalization of their thoughts, feelings, and behaviors. It was also assumed that interviewing the 
group is better than interviewing each individual in order to take advantage of group dynamics. 

Limitations of the Focus Group Methodology 
There are limitations to focus groups that must be discussed. In groups, the possibility of social 
conformity motivating responses is much greater than with anonymous reporting instruments. 
Also, generalizations must not be made from the group results to the larger population. The 
results from the group may be quite different from the population depending on the recruiting 
method. 

In our study, participants were chosen out of convenience. The focus of the Utah On-Site 
Wastewater Treatment Training Center is currently health district professionals. Because Utah 
health districts are small and span the entire state, the seminar at Bryce Canyon was a perfect 
opportunity to interview the greatest number from Utah's districts. However, due to the 



specificity of the groups, there is the possibility of a bias in the data. Also, because the seminar 
focused more heavily on health department personnel, the data is missing responses from other 
groups such as installers, builders, homeowners, and real estate persons. It is for these reasons 
that our focus group study is in no way conclusive, but rather exploratory and preliminary in 
nature. The data taken from this study provides a substantial foundation for the current client 
focus, as well as indicate a broader market to which the training would be beneficial.  

 

AUDIENCE COMPOSITION AND 
DEMOGRAPHICS 

Survey Strategies 
In order to answer the questions posed by the Utah On-Site Wastewater Treatment Training 
Center regarding their market and what educational programs should be offered, it was decided 
that our student group would concentrate our survey efforts on the Utah Environmental Health 
Association's Conference in April, 1998. This conference consisted on two parts: the outdoor 
workshop training session in Cedar City, Utah, and the conference seminars offered at Bryce 
Canyon. Many of the attendees at these events were anticipated to be local health district and 
Department of Environmental Quality employees. Therefore, this conference was a good first 
sample for a training center market survey. Seventy-five course flyers were sent out to key 
people in each of the health districts. It was reported by our client that some people involved in 
construction heard about the course by word of mouth and attended the Cedar City course. The 
client also reported that there are approximately 80 ± 10 health department workers who have 
direct responsibility for on-site wastewater management. 

For logistical reasons and for a desire to eliminate duplication of input, we used different 
instruments for the two conference groups. We administered the course evaluation survey to the 
Cedar City workshop group and the Focus Group discussions to the Bryce Canyon attendees. 
Demographic surveys were given to both groups in order to build data and establish cross-
analysis validation. The following highlights are taken from the demographic questionnaire that 
both groups filled out. Complete data can be seen in Exhibit 1. 

Results of the Demographic Questionnaire 
1. The true number of participants in our survey equaled 74. There were 47 at the Cedar 

City workshop and 39 at Bryce Canyon. Twelve participants attended both of the 
meetings for a total attendance of 86.  

2. The educational profile of the Bryce group is 62% Bachelors degrees, 33% Masters, and 
5% with Doctorates or other graduate work. There were no respondents with less than a 
Bachelor's or more than a Doctorate.  



 

3. Of Utah's 28 counties, 18 were represented in approximately equal groups at each portion 
of the conference. However, counties such as Davis and Millard had several attendees at 
one portion of the conference and none at the other.  

4. Response by job type was a check-box response question which listed 6 wastewater 
related jobs plus one for "other". As expected, the responses showed that both Cedar City 
and Bryce Canyon were heavily attended by health related professionals. A significant 
portion of the Cedar City attendees were involved in the design, construction, and 
installation of wastewater treatment facilities. On the other hand, there was virtually no 
representation from the building trades at Bryce Canyon. Respondents were allowed to 
check more than one box. The three most commonly mentioned job types are:  

o Inspection and Health  
o Design, Inspection and Health  
o Construction and Installation  

As mentioned above, there were zero respondents in category three at Bryce.  

 



5. In response by Job Title, health is by far the most common category. The top three job 
descriptions were:  

o Environmental Health Scientist  
o Environmental Health Director  
o Local Environmental Health Scientist  

These three titles accounted for about half of the respondents in Cedar City and 65% of 
those at Bryce. Again, this may be due to the absence of building professionals at Bryce.  

6. Between 75% and 80% of all respondents had previous training (meaning about 1/4 had 
never had any training before).  

Summary 
In most respects, the groups from Cedar City and Bryce Canyon are similar. The only significant 
difference we could see was the lack of building grade representation at Bryce Canyon. This fact, 
along with the high proportion of health workers, will surely bias some of the Focus Group 
findings towards health related problems and solutions. Though Health District employees 
comprised the main body that the Training Center solicited, other groups involved in wastewater 
treatment will need to be considered if the training center wants to expand their role in the future.  

 

FOCUS GROUP ANALYSIS 
In the focus group study participants were asked questions within five major categories: critical 
job responsibilities, additional training desired, other groups' needs, training methods, and 
certification. These categories are listed below followed by the specific questions and typical 
responses. Quotes relevant to each question are included thereafter in order to support some of 
the most common responses. The actual document with the questions we proposed is located in 
the Appendix. 

Critical Responsibilities 
Question: 

"Which dimensions are most critical or of the highest priority?"   
Mentioned in all Four Groups Important Topics in Some Groups 

Protect the public health Dealing with growth problems 
Identify and eliminate health hazards Implementing public safety controls 
Interpret and help other groups to meet regulations Standardizing regulations and inspections 
Educate the public Procuring and allocating resources 



Public Relations .  

Quotes: 

"I spend a lot of time trying to interpret what the rules mean and explaining what they are 
trying to accomplish."  
"Because we're in the health business, it's our job to point out the different health risks 
that the public faces."  
"Industry people are trying to meet the regulations, provide a product, and make a profit, 
too."  

In order to assess whether or not participants viewed the training center as a means of enhancing 
their ability to perform the duties listed above, we asked this follow-up questions. We wanted to 
discern what role they perceived the training center would play in helping their careers. 

Question: 

"How would the training center help you in fulfilling these responsibilities?"   
Standardizing processes, regulations, and inspections 
Provide an information center (clearinghouse) for Utah districts 
Educate the public. This includes industry experts, homeowners, and political groups 
Provide research and testing of alternative wastewater treatment systems 

Quotes: 

"I see the training center as providing some standardization and answering some of the 
more technical questions."  
"We'll be looking to the training center for the technical backing when deciding whether 
or not a site is good to build on."  
"If the general public knew a little more about septic systems, it would make our jobs a 
lot easier. Some people don't want a septic tank within 15 miles because they think it will 
contaminate the groundwater."  

Additional Training Desired 
This topic was initially introduced by asking about the job-related skills with which group 
members were comfortable or most confident. As anticipated, the majority of participants 
volunteered little regarding their own strengths and readily moved on to the follow-up question. 
This initial question, along with the careful wording of the follow-up question, served to create a 
comfortable environment whereby participants could identify their perceived weaknesses. The 
points they raised give us direct insight into the training needs the facility can fill. 

Question: 



"In which areas do you desire additional training?"   
Mentioned in All Groups Additional Suggestions 

Technical knowledge of system 
operations Treatment at time of disposal 

Practical experience with systems How to procure funds 

Alternative systems Specifics on how wastewater can threaten public 
health 

Soil morphology . 
Effective communication . 

Quotes: 

"Because of growth, areas that were not considered good for building in the past are now 
being developed. I'd like to know more about marginal soil classifications and water table 
levels."  
"I'd like to know how to communicate the reasons behind the regulations better. There's a 
lot of pressure when we're trying to explain our actions to the contractors, the developers, 
or the city council."  

Other Groups' Needs 
These later questions were designed to help discover who needs training and what knowledge 
they need to possess. Realizing that responses to these questions would depend largely on which 
occupational group was asked, we hoped to establish some possible job constraints faced by our 
audience. Our audience, comprised mostly of local health district employees, perceived the 
following groups as needing the corresponding training. 

Question: 

"Which groups most critically affect your ability to fulfill your responsibilities?"  
"What kinds of training or education do you think they need?"   

Groups Mentioned Suggested Training for This Group 
Installers and 
contractors Technical aspects and processes 

Developers General soil classification, cost-benefit of on-site systems 
Homeowners Operation and maintenance 

Engineers Technical aspects, treatment processes (biology), and alternate 
systems 

Real estate professionals General knowledge, assessment of existing systems 
Businesses/tenants General knowledge, health risks 



Government officials General knowledge, potential hazards, benefits of on-site systems 

Quotes: 

"Wastewater is the community's concern, not just the homeowner's."  
"I've hard lots of homeowners ask me why septic tanks need to be pumped."  
"It makes our job a lot easier if installers know what they're doing instead of just slapping 
a system in the ground."  
"I know the city commissioners and the developers want to get things moving but I'm not 
sure they always understand how important it is to install these systems right."  

Training Methods 
Academic literature suggests that people learn in a variety of ways. Some of these ways include 
reading, hearing, seeing, or experiencing. How efficiently an individual learns is significantly 
influenced by the subject and the method of teaching. Our objective in asking the following 
questions was to ascertain the methods these participants viewed as most effective for learning 
about on-site wastewater treatment. The added follow-up question was designed to describe the 
role that the training center would play in teaching about newer, alternative on-site technologies. 

Question: 

"How do you learn best or most comfortably?"   
Common Responses Mentioned all Four Groups (in order) 

Experimentally 
Combination of hands-on and classroom instruction 
Reading reference material and having brief material available in the field 

Quotes: 

"I learn best by doing it. Most of us have never actually operated a restaurant, public 
pool, or installed a septic tank so getting our hands on a working model will help a lot."  
"I need a combination of hearing the theory, then seeing it in action. It's easier to 
remember something I did than it is something I read. But the written material is good to 
fall back on for the details."  
"If I go to a conference like this but don't use it when I get back or at least have 
something to look back on, I'll forget what we talked about."  

Question: 

"To what extent would you view an onsite (USU) wastewater treatment prototype facility 
as aiding your education of emerging technologies?"   



Common Responses 
Provide basic underlying theory for on-site wastewater treatment systems 
Provide data from Utah, other states, and other countries as the region's information 
clearinghouse 
Help as follow-up to field experiences 
Provide reference material and even a working model of systems for training and study 
Means of educating the public, schools, government agencies, and occupational groups 

Quotes: 

"I'm more likely to upgrade my knowledge if I know the technology is easily available."  
"Other system designs, like those used in cluster sub-divisions, are working around the 
U.S. but Utah won't look at them until we know more about them." 

Certification 
While no specific certification for on-site septic system design, installation, or inspection exists 
in Utah at this time, other states have adopted certification policies. Since the growing opinion is 
that certification requirements are coming to Utah, our intention was to determine which groups 
would benefit from certification and what level of training should be required. The follow-up 
question was aimed at discovering how participants felt certification would affect the careers of 
those in this field. 

Question: 

"Who should be certified in on-site wastewater treatment and to what extent?"  
Groups Identified Extent of Certification Training 

Installers and Contractors Mandatory--full certification 
Inspectors Mandatory--full certification 
Designers, engineers, and manufacturers Mandatory--full certification 
Soil assessors Mandatory--partial certification 
Homeowners Voluntary--partial certification 

Quotes: 

"It would be good if all the different groups were being taught the same things. Nobody 
likes change. Political change is slow and some people might just see it as another hoop 
to jump through." 

Question: 



How would certification affect your jobs and/or careers?  
Provide a possible means of negotiating promotions or pay increases. 
Make current job easier if other groups were certified. 
Make it easier to understand and enforce regulations. 
Provide a standard level of competence among districts and groups. 
Help this group serve the public better by reducing health hazards. 
Provide greater level of confidence in current job. 
Advertising advantage/credibility of contractors, installers, and system manufacturers. 

Quotes: 

"I think it will be good to have everyone meeting some standards. it will lend credibility 
to the person who is certified."  
"It could be a business plus but it may also end up costing the end user more money."  
"Certification is necessary in wastewater. It has been effective in pools and food."  
"I think having everyone understand the important points would make enforcement much 
easier." 

Summary 
Local health district employees view their role in the community as generally protecting the 
public's health from various hazards. They see themselves as the "middlemen" who identify 
hazards, interpret the established rules, and communicate concerns and remedies to citizens, 
businesses, and organizations. While on-site septic systems were not labelled as the highest 
priority of their jobs, this topic is indirectly related to much of the occupational mission. 

This group envisions an on-site wastewater training center as filling many roles. First, a training 
center for the state would provide a standard of education for the working processes, the 
regulations, and the inspection of on-site systems. This training will be largely hands-on with 
some supplementary lecture and reference material provided. The training will also need to be 
specific to the different geographic, climatic, and soil conditions around the region. Second, the 
Training Center will serve as a central "clearinghouse of knowledge" on existing on-site systems 
and on newer alternative technologies in wastewater treatment. Finally, the Utah On-Site 
Wastewater Treatment Training Center will provide a means for reaching other groups 
concerned with the implementation and functions of septic systems. Such groups may include 
system installers, designers, developers, homeowners, and government agencies. 

 

CEDAR CITY WORKSHOP EVALUATION 



The Course Evaluation 
Of the 47 attendees at the Cedar City workshop, only 23 responded to our course evaluation 
survey. While 50% is an acceptable rate as a sample statistic, it implies that there could be some 
bias in the results. Most of the questions were formulated on a 1-5 scale with 1 being the lowest 
and 5 the highest. Means were calculated and reported as the numeric place along the 1-5 scale. 
For example, a score of 2.5 means that the average response was between two and three on the 
scale of 1-5. Three is a median score. 

Results of the Course Evaluation 
1. More than half of the respondents learned about the course from colleagues and not from 

the fliers sent out. This suggests that the conference was either communicated by word of 
mouth or the fliers were passed around the various offices.  

2. In response to the question of the length of the course, the overwhelming majority felt 
that the course was just the right length. The average score was 2.8 where 1 was too long 
and 5 was too short.  

3. The question of how often respondents felt the course should be offered drew most 
responses in the 2-3 years and 3-5 years categories. The mean response was between 
these two suggesting that the approximate best frequency would be about every 3-4 years.  

 

4. The overwhelming majority felt that the course was an appropriate distance to travel. 
Two respondents thought it was too far but no one felt it was too close. The average 
distance that attendees would be willing to travel was 153 miles. Those that responded in 
time of travel averaged 4 hours (250 miles). While we can only guess at this apparent 
discrepancy, these responses give the Training Center a feel for the proximity they should 
try to achieve of 150-250 miles.  

5. No one thought the facilities were less than satisfactory. Half felt they were "OK" and the 
other half were divided in between "Great" and an intermediate response. The median 
response was 3.8.  

6. When asked to rate the workshop's overall value, the response was generally above 
average or slightly less with a mean of 4.5 out 5.  



 

7. Where cost was concerned, almost 90% of those who paid their own tuition felt the cost 
was about right. About 1/3 of the respondents did not pay their own tuition. Some of the 
latter also noted the cost was "OK" but their votes were not counted.  

8. The choice of season for training courses shows a preference for Spring. About half of 
the responses favored Spring with the other half split on Fall and Winter. Consequently, 
the least popular time for training sessions was Summer.  

9. When asked whether there should be a permanent training center the results are clear. Out 
of the 22 who answered this question, 20 said "Yes."  

10. The final question was related to preferred types of learning methods. The following 
results are listed in order according to the most popular responses.  

Hands-on  
On-site  
Laboratory demonstrations  
Classroom lecture  

11. The final section of the evaluation was dedicated to open comments. The majority of 
these comments deal with the desire for training in soil testing, site analysis, alternate 
systems, new technology, systems design, and the need for a central source for 
information. Several of these comments reinforced a preference for hands on experience.  

Summary 
In summary, there appears to be significant support for a permanent wastewater treatment 
training center. There is a distinct preference for experimental learning supported by the high 
value placed on the Cedar City outdoor training course. The ideal proximity seems to be around 
150-250 miles and the cost and length of such workshops appears appropriate. The respondents 
communicated that they would attend the course offered at Cedar City about 3-4 years and 
preferred Spring as the season to do so. 

 

RECOMMENDATIONS 



We have identified four general recommendations to the Utah On-Site Wastewater Treatment 
Training Center. These are:  

1. Course characteristics and learning model.  
2. Procedures to implement an information clearinghouse.  
3. Areas of influence and potential markets.  
4. Mission statement.  
5. Conclusions and recommendations that go beyond the scope of our study:  

1. Course Characteristics and Learning Model  

From the Course Evaluation and the Focus groups we gather that a fair number of clients 
would like some kind of training in the basic science (biology and mechanics) of septic 
systems. The Environmental Health Scientists feel that it is just as important to know 
why the regulations are written as it is to know the regulations themselves. Next, it was 
identified that the courses should be a combination of classroom and experiential (hands-
on) learning processes. Based upon the results of our course evaluation and other data we 
recommend that the course should have the following characteristics:  

1-1 1/2 days in length  
Held within about 150-250 miles  
Cost approximately $150 (or less for Health Department personnel)  
Should be offered several times a year, especially Spring, Fall, and Winter. 
Preferably not Summer  
Should be geared to those with a Bachelor's degree  
Contain the following:  

o Some basic theory about septic systems  
o New technologies and alternative designs  
o Site specific information especially soils testing and topography  
o A great deal of "hands on" learning  
o Examples of working and non-working systems  
o A syllabus, reference manual, and a field guide handbook  

Response from the focus group indicates that the favored method of learning is 
experiential so we recommend using the following model:  

 



Comments showed that the best time for a review is about 6 months after the original 
course. It needs to be no longer than 1/2 day and should be included in the original tuition 
to encourage attendance.  

In order to reach your market, you will need to develop a customer base. If the course 
was held four times a year, we estimate you would need at least 1600 customers. This is 
based on a customer attending every four years, the course being offered four times a 
year, an attendance of 50, and the measured response rate to your first mailing of 50%. 
Keeping in mind that there are not many environmental health scientists in Utah, there is 
a large need to expand attendance beyond the health districts. Based on the above figures 
plus an assumption that 40 of the attendees at each course are not Health Department 
workers and that their tuition is $150, income from course tuition would amount to 
$24,000 per year.  

Most of those attending the course heard about it by word of mouth so a better and larger 
mailing list is recommended.  

2. Procedures to Implement an Information Clearinghouse  

The training center should be a clearinghouse of information for standardizing training, 
certification, regulation interpretation, and new technologies. We have defined several 
ways to accomplish this:  

o Website. This was the most commonly mentioned method, but some attendees 
noted that they did not have immediate access to a web-capable computer.  

 

Web domain name $0 if on USU Server; $100 for first 2 years if off the 
USU server 

Website Design $200 (could be done by students) 
Time involved in 
maintenance 10 hrs/month @ $6/hr = $270 

Website hosting $20/month = $240 (free @ USU) 
Total First year $0 - $1,260 

o Phone/Fax Center. Interested patrons can phone or fax requests for information. 
This would require someone to man the phones, route messages, and send 
responses.  

 
Phone $50 
Fax $400 
Answering Machine $100 
Secretarial Time 2 hrs/week @ $6/hr = $624 



Total $1,175 for first year 

o Mailing Center. Primarily a newsletter and course registration.  
 

Newsletters 

12/yr x 4 pages x 1000  

newsletters = $200  

Postage = $320 
Other postage $250 
Secretarial Time 2 hrs/wk @ $6/hr = $624 
Total $1,394 for first year 

3. Areas of Influence and Potential Markets  

As previously mentioned, you will need a customer base of about 1600 to run courses 
four times a year. Information you provided indicates there are about 80 ± 10 health 
district workers that deal with on-site wastewater management in Utah. Over half of them 
came to one or both courses. They indicated that they would attend a similar course every 
3-4 years. Therefore, a wider customer base is needed. Participants indicated that the 
following groups could benefit from the training center:  

o Installers, contractors and developers  
o Engineers  
o Real estate professionals  
o Businesses/tenants  
o Government officials  

We have identified that these groups are involved in a sequence to the end use of an on-
site wastewater unit. According to the plan below, health department inspectors are only 
currently involved in the last stages of on-site installation and mostly have veto power.  

 



Exercising this power has an effect only on the step before. Therefore, the system is 
prone to frequent, repetitive problems with improper design and installation. Attacking 
the problem in earlier stages will decrease the number of flawed systems from conception 
to inception. Each of these steps represents a potential market segment as well as another 
step in the sequence where the training center can have a positive influence.  

 

Additionally, there was some support for a certification program that could be 
accomplished through the training center. The primary target markets would be 
designers, contractors, and inspectors. Such a program could be voluntary or mandatory 
and could be coordinated through the State of Utah and the Department of Occupational 
and Professional Licensing. Training homeowners is a doubtful market but there is an 
opportunity to produce pamphlets, training videos, flyers in utility bills, and to make 
cooperative efforts with Realtors, and septic tank maintenance businesses.  

4. Mission Statement  

Finally, we think it is essential that the training center has a mission statement to guide it 
over the next three years. A mission statement is essential as a first step because it 
provides a statement of the scope of the training center's expected role in the future. From 
the mission statement flows the plan to be executed in accomplishing the goals set forth. 
As such it is the vital first step. We see many levels at which the center could operate 
depending on how ambitious its creators are. We present three sample mission 
statements, each more ambitious than the next. You may choose one or none of them, 
they are only intended as samples:  

o "To provide training to health officers in the performance of their duties in the 
promotion and inspection of on-site wastewater management and to act as a 
clearinghouse for information."  

This simple statement is consistent with the current start-up position of the 
training center. This role is consistent with the first chart in recommendation 3.  

o "To be source of information and training in on-site waste waster management 
for developers, contractors, installers, and health department inspectors; to 



promote the acceptance and use of new technologies; and to act as a central 
repository of information related to on-site wastewater management."  

This version expresses the desire for an expanded role in providing training to a 
wider market.  

o "To be a central force in the adoption and use of new and existing technologies of 
on-site wastewater management by providing training to all those involved in the 
design, planning, approval, construction, installation, inspection, and 
maintenance of wastewater facilities. We accomplish this through training, 
certification, advocating the widespread adoption of standards among the various 
involved groups at all levels and by providing a central repository of knowledge."  

This final mission statement shows a much greater willingness to play an activist 
role by involving planning commissions and legislatures in the influence group. 
This is a much more proactive vision of the training center's role.  

5. Conclusions and Recommendations that Go Beyond the Scope of Our Study  

If the training center chooses to take a more activist role, it becomes apparent that the 
center will need additional funding of a permanent and ongoing nature. There are several 
sources for this including grants, gifts, tuition, and certification fees. Consideration 
should be given to a foundation that could accomplish fund raising and also have 
legislative influence beyond that available to a university organization. Many of those in 
our study group discussed the need for legislative action to standardize building codes 
from county to county and to enable the use of new technologies in wastewater 
management. This represents an extremely aggressive approach but one that is not 
beyond the scope of this project. It was pointed out in two interview groups that the 
swimming pool and food industries did precisely that. The swimming pool industry 
created a foundation that then sponsored a certification program which was voluntary in 
the beginning. The food industry certification was a legislated program for food handlers. 
Something similar could be accomplished for on-site wastewater management.  

Several times the concept of a mobile demonstration facility came up and in many 
different contexts. We think that such a project should contain:  

o Working models of normal septic systems  
o A working model of a defective septic tank to show consequences when tanks are 

not maintained properly  
o Working models of alternative technologies to show under what circumstances 

they can be used  
o Various types of soils to give hands-on experience in evaluating soil conditions  
o A demonstration of hydrology showing how soils relate to septic systems and 

water tables  

A mobile training facility could be used for instruction in any of these areas:  



o Planning commissions and city councils  
o Trade shows such as realtors, builders, concrete pre-casters, and installers  
o Schools  
o County fairs  

Some groups would probably not be interested in attending full courses but could greatly 
benefit from a brief demonstration. This is especially true of commissions, councils, and 
homeowners. The influence of these simple demonstrations could be far reaching. Where 
the schools are concerned, two focus groups specifically mentioned that the training 
center could be involved at all grade levels. At the high school and junior high school 
levels, science fairs, environmental day fairs, and career fairs would be appropriate. Even 
at the elementary level, demonstrations and science fairs are good venues. Both focus 
groups also mentioned the need to teach young children about septic systems and how to 
maintain them. Group members felt children would transfer this knowledge to their 
parents much as teaching them about seat belts eventually resulted in fewer injuries as 
they influence their parents to use them.  

Homeowners were identified as a particular problem since they often don't know, or care 
about their septic systems until a backup occurs. Also, there is no way to require 
certification. So to approach homeowners we have several suggestions:  

Work with realtors to produce a manual or video tape required (by law) to be given when 
a home with a septic system is sold  
Work with contractors to do the same for new homes with septic systems  
Work with utility companies to send reminders in their bills regarding periodic system 
inspection  
Work with local maintenance companies to create a data base of homes with septic 
systems. They could send reminders or provide service contracts to ensure proper 
maintenance  

Respectfully submitted:  

Dave Rasmussen  
Brian Staheli  
Kip Kobayashi  
Lee Brilliant  
Doug Cooley 
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