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BASIC WASTEWATER TREATMENT  
TRAINING MANUAL 

 

INTRODUCTION 
 

There is a story that many years ago, a community, having no stream to discharge their 
sewage waste, ran the raw sewage directly into a nearby ñpothole" ï a glaciated pond 
common to the region. Strangely, the pothole did not exhibit the odors and vile 
conditions that they expected from a raw sewage dump. There also is evidence that 
some variations of stabilization ponds have been used for more than 3,000 years. One 
of the earliest actual installations of a lagoon for discharging raw sewage may have 
been in San Antonio, Texas in 1901. 
 
The concept of the sewage lagoon, or stabilization pond, was developed and extended 
to thousands of towns and cities around the world. The lagoon has been adapted to a 
wide variety of treatment systems and has undergone improvements and changes 
through the years. The lagoon is well suited as a treatment system for small 
communities such as those found throughout Montana. It is relatively inexpensive to 
construct, low in maintenance costs, and if operated wisely, will produce a good quality 
effluent.  
 
The simplicity of the lagoon system sometimes leads to neglect. The result of neglect, 
poor maintenance, or inadequate operation can produce a poor-quality effluent and 
perhaps a smelly local problem. Further, poorly operated or maintained lagoons can 
cause serious contamination of groundwater or surface water. It may not be easily 
noticed, but leakage through a damaged liner or leaking pipe can do irreparable harm to 
nearby water resources that may be a source of someone's drinking water.   
 
Montana is blessed with some of the finest quality waters in the nation. Wastewater 
treatment facilities have been built at great public expense. It is very important that each 
of us do our best to maintain or improve the waters we use and enjoy. The treatment plant 
operators are on the front line and it is their duty to make sure that water leaving their 
wastewater system is of the best possible quality. The Montana Operator Code of Ethics 
provides a good general description of the important aspects of the operatorôs job, 
described as follows: 
 

Using my best judgment and operating skills, I will always work to protect public 
health, to ensure good service, to protect public property and the environment by 
applying my skills in operating water and wastewater system equipment, by 
properly and accurately completing required records, following and complying 
with state and federal rules and regulations, continuing my education in my field, 
and working with management to establish distinct and safe operating policies for 
the public utilities for which I am entrusted. 

 
This manual is designed to be a resource for operators in Montana working in lagoon 
wastewater treatment facilities. It provides information on the basics of wastewater 
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treatment focused on lagoon systems. A good reference for the Lagoon Operator is the 
manual written by Steve Harris ñLagoon Troubleshootingò available from USA Blue Book at: 
https://www.usabluebook.com/search?searchterm=Lagoon+Troubleshooting 
 
More complex subjects such as operation of mechanical treatment processes are not 
covered in this document. It is the operatorôs responsibility to find the appropriate 
reference materials and spend the necessary time to prepare for the exam. Other 
references for smaller systems that may be helpful to operators or potential operators 
include: 
 

ñWastewater Treatment Fundamentals Volume I Liquid Treatment,ò prepared by 
the Water Environment Federation (WEF) and Association of Boards of 
Certification (ABC). 
 
There is a second manual in the works on Solids Handling and we would 
recommend obtaining a copy when it is available 

at:https://www.wef.org/resources/publications/books/wastewater-treatment-
fundamentals/  
 
ñOperation of Wastewater Treatment Plants, Volumes I & II,ò California State 
University (Ken Kerri Manuals) 
 
ñSmall Wastewater System O&M, Volumes I,ò California State University (Ken 
Kerri Manuals) 
 
ñWastewater Math, The Basics,ò by Skeet Arasmith, ACRP Publications 
 

In this manual, the types of lagoons and the biological processes that make them work 
are considered. The design and operation of facultative lagoons and aerated lagoons 
are reviewed with helpful advice provided. A section on safety will remind the operator 
of safe (and unsafe) practices. Mathematics of lagoon operation is included. A chapter 
on wastewater conveyance systems covering lift stations, piping, pumps and electricity 
has also been included. Of special importance is a chapter covering the regulations, 
laws, permits, and reports that apply to the operation of wastewater treatment systems 
and the discharge of properly treated wastewater.  
 
 

https://www.usabluebook.com/search?searchterm=Lagoon+Troubleshooting
https://www.wef.org/resources/publications/books/wastewater-treatment-fundamentals/
https://www.wef.org/resources/publications/books/wastewater-treatment-fundamentals/
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CHAPTER 1 
 
I. WHO HAS THE RESPONSIBILITY? 
 
There are usually three responsible parties in any wastewater treatment facility 
including: (1) The Owner, (2) The Operator, and (3) The Regulatory Agencies.  
 
The OWNER has the ultimate responsibility for the system. The Owner may be the 
company management, if itôs a private business, the city council, sewage district board, 
school board, or similar commission. In a publicly owned system, the OWNER 
represents the ratepayers who ultimately are responsible for the financial support of the 
wastewater system. 
 
The OWNER must provide: 
 

¶ Physical Facilities 
 

The owner will make decisions on selection of engineering firms and construction 
contractors needed to design and construct treatment facilities. Note: Any 
modifications must be designed by a professional engineer licensed in the State 
of Montana.   

 

¶ Financing 
 

The owners are responsible to provide the money required to maintain and operate 
the facilities. The owner will budget and oversee the finances. 

 

¶ Government Permits to Build and Operate the Plant 
 

Construction and discharge permits are obtained by and are in the name of the 
owner. Note: Plant specifications for all wastewater treatment modifications must 
be approved by the Department of Environmental Quality (75-6-102 Montana 
Codes Annotated).   

 

¶ General Policy for Maintenance and Operation 
 

Policy decisions and directions regarding support, operation and maintenance of 
the wastewater system are be made by the owner. 

 

¶ Operators 
 

The owner will hire the necessary personnel to operate and maintain the facility. 
The owner must see that all personnel receive training and are certified for the 
position they hold. 
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The operator is responsible to the owner for: 
 

¶ Certification 
 

The operator must apply for, and pass, certification tests, at the appropriate 
classification level. as the responsible person in charge. To maintain certification, 
the operator must obtain continuing education through attendance of classes or 
other forms of training. The operator must also maintain his or her license 
through payment of the annual renewal fee. 

 

¶ Facilities Operation 
 

The operator is responsible for all operational work at the treatment facility, which 
might include process control testing, compliance monitoring, supervision, 
scheduling, trend charting, general record keeping, and many other aspects 
required for good plant operation. 

 

¶ Record Keeping 
 

The operator must be familiar with the discharge permit requirements and work 
to ensure that the treatment system complies with applicable state and federal 
laws. He or she must keep proper records of operation and must know how to 
interpret the records. 

 

¶ Sampling and Testing 
 

The operator must obtain good representative samples for laboratory testing. The 
operator should understand the significance of the results of the testing and 
utilize the results in operation of the plant. 

 

¶ Reporting 
 

The operator must prepare and submit timely reports. 
 

¶ Maintenance of the Plant 
 

The buildings, equipment, treatment structures and grounds must be kept in 
good condition, with repairs completed as needed. 

 

¶ Continued Training 
 

The operator must continue to keep informed on subjects relating to wastewater 
treatment and water quality. 
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¶ Provide Information to the OWNER 
 

The operator should prepare an annual budget for OWNER approval, attend 
meetings, and report on matters concerning wastewater treatment.  

 
The REGULATORY AGENCIES are responsible for seeing that wastewater facilities 
are constructed and operated in accordance with the laws and regulations protecting 
water quality in our state and our nation. Similar to the owner, the regulatory agencies 
represent the public, including local ratepayers, taxpayers, and the public in general. 
 

¶ The Montana Department of Environmental Quality (DEQ) is the state agency 
charged with enforcing water quality based regulatory requirements in Montana, 
including administration of the Montana Water Quality Act.  
 

All questions and matters of regulation and certification should be directed to the 
following DEQ programs: 
 
  Discharge Permits: Water Protection Bureau 
  Operator Certification:  Operator Certification Program 
  Plans and Specifications: Engineering Bureau 

Funding: Water, Wastewater and Solid Waste Action Coordinating Team 
(WASACT):  http://dnrc.mt.gov/divisions/cardd/wasact 

 
   

¶ The US Environmental Protection Agency (EPA) administers the Clean Water 
Act and enforces its pollution prevention provisions, and related federal laws and 
rules as authorized by Congress. Many of the legal requirements of the Clean 
Water Act are delegated by EPA to the states for administration. 

 
Regulatory requirements are discussed in more detail in Chapter 11 of this manual.
 

http://dnrc.mt.gov/divisions/cardd/wasact
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CHAPTER 2 
 
I. WHAT IS WASTEWATER? 
 
Most of us think of wastewater in terms of our domestic usage. The dishwater that we 
dump down the drain, our shower water, and the stuff that goes down the toilet when we 
flush it. An experienced sewage collection system or treatment plant operator will tell 
you that it can be highly variable in both quantity and characteristics. Wastewater can 
be made up of primarily domestic waste that comes from the home, and in small 
communities this is the predominant characteristic. It also can carry industrial and 
commercial wastesðsuch as water from a car wash that has little organic material, but 
a lot of dirt and grit, or the fast food restaurant that releases fats and grease. 
Wastewater often picks up ground water through leaks in the collection system or 
stormwater discharged through roof and street drains. There may be a dairy or food 
processing operation that periodically releases strong waste material. Toxic compounds 
may be illegally discharged into a sewer system. Each source adds differing wastes in 
quality and quantity. A summary of the general characteristics of wastewater might 
include:   
 

1. Domestic sewage that contains human and animal wastes, and general 
household wastewater.       

                

2. Industrial waste that originates from manufacturing or processing operations. 
            

3. Storm water and surface runoff is water originating from rain or snow on streets, 
roof drains, or sump pumps and is sometimes called inflow.     
               

4. Ground water infiltration can happen when pipe joints and cracks allow leakage 
or infiltration into the pipe, especially if the ground water table is high.  

 
5. Illegal discharges carry a wide variety of pollutants into surface and ground 

waters to a sewer system.  These may be intentionally or unknowingly 
discharged. The consequences of illegal discharge can be severe. Proper 
disposal of wastes such as chemicals, oils, and solid wastes are necessary to 
prevent serious water pollution. Sewer Use Ordinances are local regulations 
that should be adopted by communities to control the discharge of undesirable 
wastes. 

 
The material carried in the wastewater is what concerns the wastewater treatment plant 
operator. These materials can be either dissolved, suspended, or settleable solids. If a 
solid is held on a laboratory filter, it is considered a suspended solid. If it passes through 
the lab filter, it is a dissolved solid. Some solids coming down the sewer are heavy 
enough that they settle out easily in quiet water. These are called settleable solids. 
 
The treatment of wastewater is a process for converting undesirable dissolved, 
suspended, and settleable solids into stable and acceptable forms. Typical domestic 
wastewater consists of less than 0.1 percent solids carried in the water. Many of these 
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impurities can do serious harm to the receiving water, if discharged in large quantity 
relative to the flow in the stream. 
 
There are two broad classifications of these wastewater substances: organic and 
inorganic. Organic materials are of plant or animal origin. Inorganic materials are of 
mineral origin without carbon compounds. In wastewater lagoon treatment systems, 
most inorganic materials are easily handled if the volume in the system has allowed for 
the accumulation of solids. Grit and heavier solids settle readily when they enter a 
lagoon cell and the velocity of the water drops off. 
 
The first, or primary cell in a lagoon system that has been in operation for many years 
will have a pronounced buildup of solids around the influent location. This is the result of 
heavier settleable and mostly inorganic solids such as grit particles dropping out of 
suspension rather quickly. The organic materials in wastewater are much more varied, 
more complex and more difficult to handle since they donôt settle readily and are usually 
dissolved. An overall objective of a wastewater treatment system is to convert these 
dissolved materials into solids that can be readily removed from the flow stream. It is the 
organic treatment that will be the subject of most of the discussion in this manual. 
 
Recently constructed sewage lagoons are designed with capacity on the bottom of the 
cell to hold solids. Solids in lagoon systems will eventually require periodic removal to 
ensure that adequate treatment capacity is available for the biological treatment of 
organic compounds. Many Montana lagoons undergoing upgrades must have sludge 
removed as part of the construction project. The regulatory requirements for disposal of 
the sludge is discussed in Chapter 11 of this manual. The removed solids will require 
additional stabilization before they can be landfilled, or land applied.  
 
FLOW AND LOAD VARIATIONS  
 
The composition and the quantity of wastewater varies constantly all day and all night.  
As you might expect, normal community activities cause dramatic water drops during 
the night, and by 5:00 or 6:00 a.m. has reached the low point of the day. As people 
arise, shower, wash, cook, and start the day's activities wastewater flow rapidly 
increases, reaching a maximum in the late morning. Flow continues strong during the 
day and begins to taper off during the evening hours.  
 
This diurnal, or daily flow, is also accompanied by a corresponding shift in the strength 
of the sewage, so that the system receives both higher volume and higher strength 
loading during the day with weaker and lower flow at night. The two graphs shown 
below illustrate how the flow and waste strength may vary over a 24-hour period. The 
lines showing the average flow and BOD5 (biochemical oxygen demand) loading are the 
average of the daily peaks and valleys for these two parameters. Average daily flow 
(ADF) is often used to evaluate the capacity of a wastewater treatment system. 
 
Many communities experience variable flows on a seasonal basis. Older collection 
systems with leaky pipes may pick up groundwater, rainwater, or snowmelt during the 
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wetter periods of the year, causing a significant increase in the wastewater flow volume.  
Communities that experience an influx of tourists also see major seasonal changes in 
flow volumes. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Treatment facilities must be designed to handle these high flow events to produce an 
acceptable level of treatment prior to discharge. Lagoons with large capacity will even 
out this flow before discharge. 
 
Fresh domestic sewage is typically gray colored water, not unlike the appearance of 
dirty dishwater. It has a kind of musty, but not highly objectionable odor. If sewage is not 
fresh or has been in the collection system for a long time, it can turn septic. Septic 
sewage is black with a strong foul odor and is devoid of oxygen. It is important to avoid 
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septic conditions in a wastewater collection or treatment system due to the nuisance 
odor conditions that can result.
  
TYPICAL CHARACTERISTICS 
 

 MEDIUM STRENGTH DOMESTIC SEWAGE 
 

Total Solids     600 mg/L* 
Total Dissolved Solids   400 mg/L 
Total Suspended Solids  200 mg/L 

 
 APPROXIMATE COMPOSITION 
 

      Organic     Inorganic 
Total Dissolved Solids     40%   60% 
Total Suspended Solids   70%   30%  

 
  *Milligrams per liter 

 
OTHER IMPORTANT CHARACTERISTICS 
 
pH is the measure of how acidic or how basic a solution is and is an important 
measurement in wastewater treatment. The pH scale ranges from 1 to 14 with 7 being 
exactly neutral.  Fresh domestic sewage is approximately neutral, but if it is slow in 
reaching the treatment facility, the pH may become slightly acid with a pH below 7. 
 

1              7            14    
     acid                neutral         basic 

 
BOD5, or biochemical oxygen demand, is a measure of the strength of sewage. It is a 
measure of the amount of oxygen that is consumed by microorganisms to convert 
organic compounds to a more stabilized form. A diluted wastewater with little organic 
material will have a relatively low BOD5 test, while a strong sewage highly concentrated 
in biodegradable material will have a high oxygen demand as measured by the BOD5 

test. Typical raw sewage has a BOD5 value of about 200 to 220 mg/l whereas the goal 
of most wastewater treatment plants is to produce an effluent with a BOD5 value of less 
than 30 mg/l. 
 
Nitrogen exists in wastewater in several forms including organic nitrogen, ammonia 
nitrogen, nitrite nitrogen, nitrate, and Kjeldahl Nitrogen. The nitrites and nitrates are 
generally in very low concentration in fresh domestic wastewater but will be higher in 
treated wastewater. Nitrites are not stable and change to either ammonia or to nitrates.  
The total nitrogen in domestic wastewater ranges from 20 to 85 mg/l, with approximately 
half of that being in the form of ammonia nitrogen. Kjeldahl Nitrogen is the sum of the 
organic nitrogen and ammonia nitrogen and is often listed as Total Kjeldahl Nitrogen 
(TKN). Nitrogen is important in wastewater treatment as it serves as a necessary food 
for many microorganisms and for algae growth. Nitrogen in a receiving stream may 
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stimulate the growth of undesirable plants or algae, adversely affecting water quality. 
Ammonia can be toxic to aquatic organisms found in receiving streams. If this is the 
case, ammonia limits may be imposed in the discharge permit to prevent toxicity. 
Ammonia can be converted or oxidized to nitrates in a wastewater treatment system 
through the use of aerobic treatment processes. The microorganisms that convert the 
ammonia to nitrate, sometimes called nitrifiers, do not function well in cold 
temperatures. For this reason, it is difficult in Montana to achieve nitrification in a 
wastewater system on a year-round basis. 
 
NITROGEN CYCLE 
 
Raw Waste from Ammonia (NH3) is nitrified or oxidized to Nitrite/Nitrate (NO2/NO3) and 
then reduced or denitrified to Nitrogen Gas (N).   
 
Phosphorus is present in domestic wastewater in concentrations ranging from 6 to 20 
mg/l, most of which is inorganic phosphorus. Phosphorus is essential to the life 
processes of microorganisms but may also stimulate the growth of undesirable plant 
species in a receiving stream. As an example, a long, stringy filamentous growth of 
algae is sometimes observed in the Clark Fork River. Studies have shown that this plant 
growth is caused, in part, by phosphorous derived from wastewater plants. Many 
systems that discharge to the Clark Fork River, primarily the upper Clark Fork, are being 
required to lower levels of phosphorous that is discharged from the wastewater plants. 
Many communities have also instituted a ban on phosphorus in detergents to lower the 
influent level of the nutrient that enters the wastewater system. Other sources of 
phosphorus such as septic systems in the drainage basin are subject to restrictions to 
lower the discharge of nutrients. Often a basin-wide approach to controlling nutrients is 
the most effective means to improve and preserve water quality in an impacted stream.  
Everyone needs to do their part in keeping Montanaôs high-quality waters clean. 
 
II. WASTEWATER ANALYSIS 
 
BIOCHEMICAL OXYGEN DEMAND  
 
We know that bacteria consume the waste as a food supply for growth and the bacteria 
use oxygen to perform this task. These facts are the basis for measurement of the 
"strength" of the wastewater. BOD stands for Biochemical Oxygen Demand. In the BOD 
test, a measured sample of wastewater is put into a bottle of dilution water that contains 
dissolved oxygen. After five days of incubation at constant temperature of 20 °C (68°F) 
and no light, the amount of dissolved oxygen consumed is determined. The number of 
milligrams of oxygen that has been consumed, calculated as if one liter of sample had 
been used, is recorded as the BOD. When the BOD test is performed on the discharge 
water, it is a measure of the oxygen demand that may be placed upon the receiving 
stream. When the test is performed on raw sewage, it is a measure of the "strength" of 
the wastewater. 
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BOD is often written as BOD5. The subscript 5 means that the test was a five-day test.  
Five days is the standard test period, although for special purposes other times may be 
used. Normal domestic sewage will have a BOD5 from 150 to 250 mg/L, but local 
conditions may create much higher (or lower) tests. If the sewer collection system 
allows the infiltration of a lot of ground water or collects storm water, the sewage may 
be weak and have a low BOD. There may be sources of strong wastewater in a 
community such as a dairy processing plant or meat packing plant. If these systems 
discharge to the publicly owned sewer system, the high strength waste may upset the 
plant. The discharge of a load of septic tank waste or septage may impose a very high 
BOD5 on the system.  
 

Septage is domestic wastewater from cesspools, individual home septic 
systems, pit toilets, portable toilets, and campgrounds that is delivered to the 
water resource recovery facility (WRRF) by truck. Septage does not include 
grease trap waste or any other type of commercial or industrial waste.  

 
Federal treatment standards for publicly owned treatment systems usually require a 
minimum reduction of wastewater BOD to 30 mg/l as required under the National 
Secondary Treatment Standards. 
 
As a general average, a figure of 0.17 to 0.22 pounds of BOD5 are contributed every 
day to the sewage system for each person in a community. Obviously, this will not be 
true if strong sewage sources are on the system. Infiltration will not appreciably affect 
this population equivalent as groundwater has a low biochemical oxygen demand. 
 
Lagoons that discharge large quantities of algae may show a relatively low five-day 
BOD test as the organic material in the algae cells does not degrade fully in that length 
of time. Algae cells do, however, have a potentially adverse long-term effect which may 
impact the receiving stream as the organic matter in the cells degrades. Every effort 
should be made to minimize the algae content of the discharged water, even though a 
standard five-day BOD test may show an acceptable level. 
 
TOTAL SUSPENDED SOLIDS OR TSS  
 
The test for total suspended solids (TSS) is run by filtering a measured amount of water 
through a standard membrane filter that has been carefully weighed. After filtering and 
drying, the filter membrane is again carefully weighed and the difference in weight is 
calculated to the number of milligrams per liter of water. 
 
NUTRIENTS 
 
It is common for wastewater systems to be required to test the wastewater discharge for 
the nutrients nitrogen and phosphorous. Most smaller systems will send samples to the 
state or private lab to perform the analysis for nutrients. Nutrients may be limited in the 
discharge permit to address a water quality standard that may be imposed upon 
systems which discharge into a stream with a water quality problem. Additionally, the 
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total annual load of nutrients may be limited on a discharging system to comply with the 
non-degradation provisions of the Montana Water Quality Act. For these reasons, 
operators must collect samples in a proper manner for analysis. Sampling procedures 
are discussed in Chapter 9 of this manual. 
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CHAPTER 3 
 

I. HEADWORKS: PRELIMINARY TREATMENT 

 
Preliminary treatment is often referred to as the headworks of the treatment system. 
The headworks may include trash racks, bar screens, grinding, and grit chambers. It 
may also include flow equalization, flow measuring, sampling, pumping, odor control, 
and septage receiving. These processes may be in any order and are not usually found 
in a lagoon system but are becoming more popular as they allow the system to operate 
more efficiently, reduce maintenance, and extend the times between sludge removal. 
 

 
TYPES OF SCREENING UNITS 
 
Screens remove the larger debris in the wastestream but may allow rags and stringy 
material to pass through to downstream unit processes. The purpose of the screening 
units is to physically block entry of large debris, rags, sticks, rocks, wood, and plastics, 
into the wastewater treatment facility. Removal of the material at the beginning of the 
treatment process protects the downstream equipment and prevent blockages. The 
openings in the screens may range from 0.25 to 2 inches apart. Perforated plate 
screens are more likely to clog or ñblind off.ò Mesh screens are similar in appearance to 
a window screen but are made from thicker, tougher wire. 
Trash racks are usually used in the bypass channel of the headworks. The trash racks 
have openings from 1.5 inches up to 6 inches apart and will usually have to be cleaned 
manually several times a day.  
 
The screening unit may be one of several types: rotary screens, step screens, 
microscreens, etc. The smaller the spacing (holes) in the screen, the more debris gets 
captured and the greater head loss across the screen. If the screen is not cleaned 
regularly the water can build up behind the screening unit and overflow out of the 
channel. Cleaning cycles may be triggered by a timer or when the difference in water 
level from one side of the screen to the other reaches a specific set level (head loss) or 
a combination of both methods. The material removed from the wastestream by the 
screening processes may be washed, compacted, and landfilled. 
 
Maintenance of screens includes daily inspections of the screening unit for visible and 
audible indications of malfunction. Regularly cleaning and washing the screen removes 
material adhered to the screen and not discarded in the hopper. Preventive 
maintenance of the unit may include lubricating the screen bearings according to the 
manufacturerôs recommendations. Parts that wear out should be in the plant inventory 
so they may be replaced when the part is worn. 
 
GRIT REMOVAL 
 
Grit removal at the influent reduces wear and tear on downstream equipment. Grit may 
be fine, discrete, non-biodegradable particles that include sand, cinders, rocks, coffee 
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grounds, seeds, fruit rinds, and other relatively non-putrescible organic and inorganic 
substances. Settling of the grit depends on density, size, and shape of the particles. Grit 
is removed from the waste-stream by reducing the flow velocity. If the velocity is too 
high, even very dense particles will be pushed through to the next process. If the 
velocity is too low, excessive amounts of organic material will be removed with the grit. 
The velocity is decreased to about 1ft/sec allowing the larger denser particles to settle 
while lighter, less dense organic particles pass on to the next treatment process. 
 

Velocity is speed. Velocity can be calculated in two different ways. Velocity is 
equal to the amount of flow divided by the cross-sectional area of the channel, 
pipe, or basin. Velocity is also equal to distance traveled per unit of time.  
 

Grit removal systems are called grit chambers. Grit chambers include nonaerated and 
aerated grit basins, and vortex grit basins. Grit basins may be channels or a mechanical 
grit removal system. Grit channels may have the grit removed from them manually or 
with screw conveyors, chain-and-flight collectors, or grit elevators. In an aerated grit 
chamber, the diffused air is introduced into the unit on one side of the basin to create a 
spiral roll pattern. The velocity of the roll pattern influences which solids settle. The 
settled grit is pushed into a hopper on the bottom of the unit by the spiral flow pattern of 
the water.  
 

A good example of diffused air is an air stone in an aquarium creating fine air 
bubbles. Compressed air is fed through tubing from a compressor to the air 
stone. Diffused air in aerated grit basins is similar, but on a larger scale. 
 
An air header is the piece of pipe that runs from the air source (i.e., compressor 
or blower) into the grit basin and along the bottom. Diffusers are typically 
mounted directly to the headers. 
 

Vortex Grit Basins are circular basins and the flow is introduced tangentially to create a 
whirlpool effect. Rotating-paddle-type mixers may be used to achieve proper rotation 
rate (velocity). The grit will settle to the bottom and be removed by pumping. Grit 
removed from the system can be deposited directly into dumpsters or truck or it may be 
concentrated with cyclones or grit classifiers and washed to remove the organics. 
 
 Cyclones use centrifugal force in a cone-shaped unit to separate grit and organics from 
wastewater. There are several types of grit classifiers ï free vortex-based, grit 
dewatering, and conical grit washers.  
 
The grit that is removed should be inspected. Grit that is gray, greasy, or has a rotten 
egg odor indicates the grit contains large amounts of organic material and the velocity in 
the grit chamber needs to be higher. If there is little grit being removed, it can be from 
the velocity being too high or there is very little grit entering the system. Poor grit 
removal can result in increased wear of downstream equipment, higher maintenance 
costs, a buildup of grit, and a loss of treatment capacity. The operator needs to balance 
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the benefits of increased grit removal with the wear and tear on grit removal equipment 
and equipment which result in increased operations and maintenance costs. 
 
INSPECTION AND MAINTENANCE 
 
Daily inspections and maintenance of the grit equipment includes inspecting for visible 
and audible indications of malfunctions, regular cleaning and washing to remove 
adhered materials. Preventive maintenance includes lubricating and adjusting flows and 
velocities.  
 
Influent flow measuring, and sampling are completed before recycle streams (side 
stream) flows are introduced to the waste-stream at the head of the plant. Side streams 
or recycle flows are any flows that are from inside the plant. These can be septage, 
pumping of water from cell #2 or three back to cell #1, etc. Influent flow can be helpful in 
determining the diurnal cycle of your system and the actual flow entering the system is 
beneficial when determining what type of upgrade to the system is necessary. When 
sampling the influent flow, the operator does not want the side stream flows to be part of 
the influent sample, as it is not actually part of what is entering the plant. Some plants 
sample the flow again after the side streams are introduced to the influent to determine 
the total load on the treatment system. 
 
 
II. TYPES OF LAGOONS 
 
There are three basic types of lagoons commonly used in Montana. 
 

1. Facultative lagoons are the most common and simplest type of wastewater 
system to construct and operate. Facultative cells are usually 4 to 8 feet deep 
with about 5 to 6 feet generally accepted as an optimum depth. Facultative 
lagoons are characterized by having an aerobic surface and an anaerobic lower 
layer. A type of bacteria called facultative are prominent in these lagoons.  
Facultative bacteria can exist in both aerobic and anaerobic environments. 
Facultative cells receive raw domestic sewage and the settleable solids drop to 
the bottom where anaerobic fermentation and decomposition occurs. Treatment 
is dependent upon climate and weather conditions. Oxygen for the biological 
processes that occur in the lagoon cell is provided through wind action, algaeð 
that give off oxygenð and an exchange between the water surface and the 
atmosphere. The aerobic layer near the water surface is important to prevent 
the odors that would arise from gases derived from the sludge layer on the 
bottom of a lagoon. Small community systems may be designed as total 
containment in which evaporation loss is equal or greater than total water input, 
including rainfall. In Montanaôs climate, total containment cells must be 
relatively large to have enough surface area to evaporate all incoming water; 
consequently, they are typically used only for smaller communities, resorts, 
bars and trailer courts. 
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Design Standards ï State of Montana design standards for new facultative 
lagoons require three cells with piping flexibility to operate the system in parallel 
or series operational modes. Discharging facultative lagoons are sized to hold 
180 days of wastewater flow or, in other words, have a detention time of 180 
days. Roughly one acre of surface area is provided in a facultative lagoon for 
each 100 people that live in a community. Flow measurement must be provided 
on the lagoon. Liners such as PVC or polypropylene are used to seal the 
lagoon to meet stringent leakage standards designed to prevent leakage of 
wastewater into the underlying groundwater table. Total containment lagoons 
do not discharge and must be sized to have enough surface area on the lagoon 
cells available to evaporate all incoming wastewater as well as precipitation.  
Lagoons that do not discharge to surface waters where the treated wastewater 
is irrigated on crops, must have enough volume to hold the wastewater during 
the months when irrigation cannot occur. 

 
2. Aerated lagoons depend upon mechanical methods of adding supplemental 

air (oxygen) to the water. The process of aeration generally mixes the water 
while dispersing or dissolving oxygen in the upper layer of the lagoon water 
column. Aerated lagoons are usually designed deeper than non-aerated 
systems, with depths up to 12 to 15 feet. Aerated lagoons are less dependent 
upon climate and weather. Aerated lagoons are frequently used for industrial 
wastewater treatment and in situations where limited land area is available. The 
degree of aeration and of mixing is variable. Some heavily loaded facultative 
cells have been converted to a modified aerated lagoon by the addition of light 
aeration. Some aerated lagoons utilize design concepts of an activated sludge 
system if enough mixing is provided to keep solids in suspension and a sludge 
return system is used. 

 
Design Standards for aerated lagoons have three cells and piping to operate 
the system in parallel or series. The cells have about 30 days of total detention 
time and liners are used to prevent excessive leakage from the system. 
Aeration can be provided with floating surface aerators or with submerged 
diffuser systems. The aeration system is designed to provide at least 2.5 
pounds of oxygen for each pound of BOD5 to be removed. 

 
3. Anaerobic lagoons are used to treat high strength industrial wastes such as 

vegetable, fruit, dairy, or meat processing waters, or other high BOD waste.  
They are efficient in treatment of high strength wastewater, but odor control can 
be a problem. The anaerobic biological processes, which occur in anaerobic 
lagoons, produce hydrogen sulfide and other gases that cause odors. 
Anaerobic lagoons have not been used much in Montana in recent years. 

 
Other terms that are used in reference to sewage lagoons are stabilization ponds or 
oxidation ponds.  The term oxidation pond is usually applied to a cell that follows some 
other type of wastewater treatment.   
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The first cell in a series of cells is called the primary cell.  The following cells are 
secondary cells and the last cell in the series may also be called the polishing cell.  
Cells are usually created through an engineered construction of earthen dikes although 
fabric baffles are being used occasionally to divide cells into smaller treatment units. 
 
III. THE BIOLOGY OF WASTEWATER LAGOONS 
 
When wastewater enters a lagoon system, natural decomposition begins to take place.  
The insoluble settleable solids drop to the bottom.  The soluble portions and the 
suspended solids remain in the water phase.  Microorganisms, which are plant and 
animal life too small to be seen without a microscope, perform the decomposition 
processes and often do it in a cooperative way.  Similarly, pollutants discharged to a 
receiving stream are decomposed through natural processes.  Too many pollutants in a 
stream causing a large amount of biological decomposition in the water body can result 
in poor water quality and undesirable conditions.  
 
We like to think of bacteria as little "bugs," but they are not insects. Bacteria are the 
main workers in the decomposition (or stabilization) process. For most types of organic 
material, there is generally a form of bacteria that will utilize it for food to obtain energy 
and to generate new bacterial cells. The fallen log in the forest is partially consumed by 
bacteria.  There are varieties of bacteria that will consume oil.  And there are bacteria 
that will use the waste that comes down the sewer as a food supply.  There are 
thousands of varieties of bacteria and a lagoon will contain billions upon billions of them.  
They perform valuable service in wastewater treatment and society is in their debt for 
taking on an unpleasant task.  
 
Bacteria require oxygen in some form for them to exist and to grow.  In the case of 
aerobic bacteria, they live where there is free oxygen dissolved in the water.  These 
aerobes live in the upper levels of a wastewater lagoon which contains free dissolved 
oxygen. 
 
Anaerobic bacteria must obtain their oxygen by 
decomposing oxygen containing compounds, 
such as nitrates or sulfates, to find their supply 
of oxygen.  Some of the nitrate is reduced to 
ammonia and some of the sulfur compounds are 
reduced to hydrogen sulfide.  Both ammonia 
and hydrogen sulfide are water soluble, but 
under some conditions the ammonia and 
hydrogen sulfide can escape into the air.  These 
are odorous compounds.  Hydrogen sulfide is a 
gas and smells like "rotten eggs."  A treatment 
plant that produces the odor of rotten eggs is 
probably partially in an anaerobic state.  As 
anaerobic bacteria can work on sulfates to 
produce hydrogen sulfide, water that contains 
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high sulfates will produce more odor when conditions are anaerobic.  Anaerobes 
normally live in the bottom zone of a lagoon cell.  
 
Facultative bacteria can live and work both with and without free oxygen present.  They 
largely inhabit the intermediate level zone in an unmixed lagoon. 
 
ALGAE 
 
Algae are single cell or multiple cell plants that are microscopic, although clumps and 
mats of them may be seen at times.  Algae, like other plants, contain chlorophyll and 
can perform the process of photosynthesis.  This process, which requires sunlight, 
consumes carbon dioxide, and releases free oxygen.  The free dissolved oxygen that 
the algae produce is of vital importance to treatment as it encourages aerobic bacterial 
decomposition and conversion of the organic material.  Algae will be found in the upper, 
aerobic area near the surface of the water.  They require certain nutrients, principally 
carbon, nitrogen, and phosphorus, all of which occur in wastewater.  Algae flourish, 
grow, and produce oxygen during the daylight hours, but at night they consume oxygen.  
In combination with the continuous demand for oxygen by bacteria, this means that the 
oxygen concentration in the water will be highest in late afternoon and lowest just as the 
day begins. 
 
There are many varieties of algae and it is important for a wastewater lagoon operator 
to recognize two general classifications: (1) Green algae which give a lagoon a green 
color and are a sign of a good healthy condition.  They are prominent when the waste 
has a high nutritional value and generally when pH is higher.  (2) Blue-Green algae 
which can appear when nutrient or pH levels are low, or when the green algae 
disappear due to other environmental conditions.  The appearance of blue-green algae 
is a sign of poor conditions in an unmixed lagoon.  Blue-green algae can develop into 
floating clumps and mats and cause a decrease of dissolved oxygen.  The pH will be 
lower and odors noticeable. 
 
Algae require carbon dioxide (CO2) to multiply and grow.  They obtain this from free 
carbon dioxide that is dissolved in the water.  As carbon dioxide is a weak acid when 
dissolved, it plays an important part in the pH balance of the water.  When algae 
remove CO2 from the water it drives the pH up, (more alkaline), and when algae action 
is slow, the pH will go down.  At times of high sunshine levels and plentiful nutrients, the 
algae can cause the water pH to go up to 9 or 9.5. 
 
HIGHER FORMS OF MICROORGANISMS 
 
Higher Life Forms.  A higher form of microscopic life like paramecium and daphnia 
exist in lagoons and feed on green algae or bacteria.  They are more likely to be found 
in the second or third cell of a lagoon system, as they require a plentiful oxygen level.  
Protozoa consume only the green algae.  It is possible for these predators, especially 
daphnia, to multiply rapidly into a "bloom" and nearly destroy the green algae 
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population.  There are a variety of other higher life forms found in lagoons including 
rotifers, protozoa, chironomides, mosquito larvae, and worms.  
 
In a healthy lagoon, all the above microorganisms are at work together.  The organic 
settleable solids that drop to the bottom are used by anaerobic bacteria.  As the solids 
are converted into a stabilized humus-like material, soluble organic acids are formed 
which enter the water phase.  Nitrogen compounds that arrive in the wastewater are 
converted partly into ammonia and into free nitrogen, some of which escapes into the 
atmosphere.  Nitrogen also serves as a nutrient for production of new algae cells.  
Some sulfur containing compounds release hydrogen sulfide to the water.  In the bottom 
sludge, a considerable amount of the solids are converted into methane gas, which 
escapes from the pond surface.  
 
While the anaerobic bacteria are working in the lower zone of a pond, aerobic bacteria 
are active in the upper levels where there is a supply of free oxygen.  The oxygen is 
supplied by algae in this zone, and by wind action on the surface.  Aerobic bacteria 
utilize organic material that arrive in the wastewater and that which is released from the 
anaerobic sludge layer on the bottom.  The ammonia, hydrogen sulfide and other 
byproducts of the anaerobic decomposition process may release an additional load to 
the aerobic layer.  The extent of this aerobic layer varies depending upon the time of 
year, the amount of mixing created by wind and the density of the algae at the surface.  
The presence of duckweed can also reduce the sunlight and consequently the 
production of oxygen by algae.  The figure below shows a graphic illustration of the 
processes which occur in a typical lagoon cell. 
 
The organic materials are consumed by bacterial action and changed into bacterial cells 
and algae cells.  The dead bacteria cells and dead algae cells eventually settle to join 
the sludge on the bottom.  As the years pass, this sludge layer slowly grows.  The 
process in which the sludge is transformed into a stable humus-like material is called 
stabilization.  In a lagoon receiving primarily domestic sewage, this sludge layer can 
increase depth at a rate of about one half an inch a year. Old sewers which allow 
leakage into the pipe system will also carry inorganic grit and sediments into the sludge 
layer.  This material will not breakdown biologically and will continually accumulate, 
eventually requiring removal.
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CHAPTER 4 
 
I. FACULTATIVE LAGOONS 
 
There are many facultative lagoons in use in Montana. Some were constructed 40 or 50 
years ago and are still in use.  A facultative lagoon system is a simple system and 
operation is relatively inexpensive in comparison to more complex facilities.  Lagoons 
work well for small communities where adequate land is available to site the system.  
However, a lagoon has limitations and must be understood and watched carefully if it is 
to perform satisfactorily.  Facultative lagoons need a good supply of algae to help 
supply the oxygen for aerobic bacterial action.  Wind and atmospheric oxygen also 
provide oxygen to the microorganisms in facultative lagoons.  Algae cells are organic 
and when discharged into a receiving stream can be a pollutant.  They are difficult to 
remove, so the best approach to this problem lies with the watchful eye of the operator 
who must observe the system, keep records, and test to determine the best time to 
discharge.  Facultative lagoons generally will remove only small amounts of nutrients 
and if a community has nutrient limits in their discharge permit, other technologies may 
be necessary.   
 
The operator of a facultative system has limited control over the efficiency of the 
biological processes which take place in the lagoon.  It is possible to put the cells into 
series or parallel operation for changing conditions or the level at which water is drawn 
from the lagoon is controllable in many systems.  Also, the operator has some control 
over how and when the system discharges.  However, Mother Nature has a major 
impact on treatment performance and weather and climatic conditions are very 
unpredictable.  There are general concepts that the operator can use to optimize 
system performance in a facultative lagoon which are discussed in this chapter. 
 
SEASONAL CHANGES IN OPERATION 
 
WINTER 
 
Cold weather slows down all biological activity.  When temperatures drop, the anaerobic 
digestion of bottom sludge slows down, and sludge may begin to accumulate.  The 
colder temperatures also slow the aerobic activity.  With lower biological rate, the 
demand for oxygen is lower.  With shorter days and lower sunlight intensity, algae 
reduce in numbers and activity.  Ice cover and snow on top of ice reduces sunlight 
intensity as well.  As a result of the slow treatment process, winter may not be a good 
time to discharge water.  There is often a time in late fall or early winter when BOD tests 
on the treated water are acceptable and the algae concentration is lower.  This is a 
good time to discharge and to draw down the levels enough to allow storage volume in 
the pond to contain water through the winter months.  Lagoons constructed to current 
design standards should have 180 days detention time at design flows.  This amount of 
volume is needed in cold climates to hold the wastewater in the lagoon during the winter 
to allow for adequate treatment levels.   
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SPRING 
 
As spring temperatures begin to melt the snow and ice cover, the pond will warm and 
reach a turnover condition.  The water surface will warm before the bottom of the lagoon 
and, strangely, water at top of the lagoon is slightly heavier than water at the lower 
level.  Normally warmer water is lighter than colder water except when the water 
temperature is near the freezing point (ice floats on water). The heavier surface water 
will roll to the bottom, and the anaerobic bottom water with some suspended sludge will 
rise. This condition may continue to exist for one to three weeks.  The water is murky, 
dirty looking and smells because the anaerobic conditions release hydrogen sulfide to 
the air.  This is the time that the operator will hear from the townspeople! 
 
When the turnover or temperature inversion has ceased and when the water in the final 
cell looks good again, it may be a good time for another discharge.  Some operators like 
to discharge just before the turnover occurs.  Every lagoon is a little different and every 
year is different, so it is a matter of operator judgment and understanding of the system 
to determine when these discharge periods are best.  At this time the operator should 
take samples for testing and if the results are within the permit requirements, discharge 
could begin or resume.  
 
SUMMER 
 
Warm summer temperatures increase the rate of bacterial action.  An increase of 10°C 
in the water can double the rate of biological activity.  The sludge layer decreases, 
releasing high organic loads to the water and the oxygen demand increases 
dramatically.  The longer daylight hours and the increase in sunlight generate high algal 
growth and bacterial activity.  The pond turns a deep green color. Maintenance activities 
increase as plants grow including the removal of weeds, cattails, algae mats, and other 
undesirable elements for good system operation.  
 
FALL 
 
Many operators find a period in the fall when effluent tests are good for discharge.  This 
also allows them to lower the water level sufficiently to discontinue discharge during 
winter months when effluent tests may not be good.  The ponds may turnover again in 
late fall or early winter.  
 
II. OTHER OPERATIONAL CONSIDERATIONS 
 
SYSTEM FAILURE 
 
The failure of a lagoon system is evident through the performance of the system, 
specifically the inability of the lagoon to meet the requirements imposed upon the 
system through the discharge permit.  Performance problems can sometimes be 
detected through a physical inspection of the lagoon.  The color of the lagoon water, 
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rather than being a healthy green, will turn gray or black.  Odorous algae mats may be 
present.  Septic odors will likely be present, often very strong and indicative of a release 
of hydrogen sulfide gas.  While many of these conditions may also be present during 
spring turnover, the thermal turnover condition will end after a few weeks whereas 
failure will be more long-term.  While lagoons are fairly forgiving as a treatment process, 
failure of the system as described here is indicative of a serious problem.  The lagoon 
may simply be too small for the hydraulic or organic loading that the system is receiving.  
A toxic discharge may destroy all biological activity in a lagoon cell, requiring some time 
for recovery.  
 
MIXING 
 
While mixing in a lagoon is important the only effective energy for mixing in a facultative 
lagoon comes from wind.  Wind will stir the surface and move the aerobic layer to 
deeper levels.  This will moderate overloading conditions and lead to more complete 
treatment.  Without any wind or waves, a thin layer of high algae concentration tends to 
accumulate at the surface.  Stratification can occur and result in anaerobic conditions in 
the lagoon cell.  Stratification is the condition where the surface becomes much warmer 
than lower levels.  The warm surface is not easily mixed into the main body of water.  A 
poor weather condition for a facultative lagoon is a hot, sunny, and quiet week.  It is 
difficult to combat stratification.  Some have tried motorboats with variable success.  
Absence of mixing can result in poor system performance and potentially effluent 
violations.  Trees and bushes should not be allowed to grow around the lagoon as they 
reduce the wind action. Wind driven mixers have been used effectively to improve 
mixing conditions in facultative cells. 
 
SHORT-CIRCUITING 
 
The operator should be on the lookout for signs of short-circuiting.  Sometimes it is 
possible for water to find a short path from the inlet to the outlet so that treatment is 
incomplete.  Under some fall or spring conditions it may be possible to see an unfrozen 
lane leading from the inlet toward the outlet during discharge. The best situation is when 
the entire pond is being effectively utilized in treatment. There are several conditions 
that aggravate short-circuiting.  Mostly they are a result of improper design or 
construction, but some can be helped by operator attention.  Causes of short-circuiting 
include the following: 
 
1. Poor placement of the inlet and outlet piping.  The outlet should be at a far corner or 

side from the inlet and generally, the inlet and outlet should be as far apart as 
possible. 

 
2. An irregular bottom.  Some lagoons were built in a natural gulch or draw.  This may 

be an inexpensive method but may lead to short-circuiting. 
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3. Prevailing winds.  Winds tend to move water near the surface and if the outlet is on 
the downwind side, the wastewater flow may short-circuit, leaving the upwind areas 
in the cell little used. 

4.   Cattails, willows, rushes, or weeds growing in the cells restrict water movement.  
This is another reason they should be kept under control. 

 

5.   Thermal stratification.  During colder months, the incoming sewage will be warmer                       
      than the lagoon water.  As warm water is lighter than cold water, there can be a                       
      tendency for the warmer water to "float" over a colder layer. Mixing can correct this.    
      Also, changing the level of withdrawal at the outlet can mitigate a surface short  
      circuit. 
 
ORGANIC LOADING 
 
Facultative lagoons are designed for a specific rate of organic loading.  Organic loading 
is defined as pounds of BOD per acre of surface based on the concentration and flow of 
raw sewage coming into the lagoon system.  The loading allowed by regulatory 
agencies varies, depending upon the climate.  In Montana most facultative lagoons are 
designed for a loading of about 20 pounds of BOD per acre.  For normal domestic 
sewage, each person contributes about 0.2 pounds of BOD per day.  So, for a 
community of 1,000 population, the average load to the lagoon would be 200 pounds 
per day, and if we use the 20 pounds BOD per acre loading, then the community would 
require a lagoon with 10 acres of surface area. 
 
The guidelines for design also recommend at least three cells with piping flexibility for 
parallel or series operation.  One reason for this requirement is to give the operator the 
choice of parallel or series in case the first cell should become overloaded.  Multiple 
cells also reduce the potential for short-circuiting. 
 
OVERLOADING 
 
Overloading can cause serious problems.  Overloading is quite evident by the odor and 
appearance.  When overloading occurs, the condition may sometimes be corrected if 
the first two cells are placed in parallel operation.  Normally, the best performance in a 
lagoon system is in a series flow path ï where sewage passes from Cell #1 to Cell #2 
then Cell #3.  But if Cell #1 cell shows signs of failure (i.e., septic conditions) due to 
excessive loading, switching to parallel flow into Cell #1 and Cell #2 can help unload the 
failed cell.  The parallel flow path effectively splits the organic loading which the two 
cells receive from the raw sewage entering the system.  The drawings below provide a 
schematic of series and parallel operational flow paths. 
 
 
 
 
 
 
 



 

Chapter 4 

28  Facultative Lagoons 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
EXAMPLE 
 
Suppose there is a community of about 1,000 people which has a lagoon system 
consisting of three five-acre cells.  The normal loading to the lagoon system would be 
about 200 pounds of BOD total.  The load to the first cell when operated in series would 
be 200 pounds BOD divided by 5 acres, or 40 pounds BOD per acre.  It may operate 
satisfactorily at this loading rate.  However, if an increased load from some source 
raised the total BOD load to 250 pounds per day, the load to the first cell would be 50 
pounds per acre and there is a probability of overloading.  If the first two cells are put 
into parallel operation, each receives one half of the load and the loading drops to 25 
pounds of BOD per acre which is an acceptable load.    
 
Often an overloaded lagoon is caused by excessive organic loading, flow, or both and 
must be corrected through construction of system upgrades.  Alternatively, reducing the 
total load would help.  Sources of exceptionally high BOD include food and dairy 
processing, meat packing, and the disposal of septic tank pumping into the sewer 
system.  Pumpingôs from septic tanks, campground holding tanks, portable toilets and 
similar facilities have a very high BOD and can easily overload and upset a lagoon 
system.  In general, the deposit of septage into a lagoon should not be allowed.  The 
material can be land-applied or taken to a mechanical treatment plant which may be 
more amenable to accepting the heavy loads. 
 
Recirculation by pumping from the outlet back to the inlet has helped cure overload 
odors and problems.  The outlet water will be high in dissolved oxygen and serves to 
provide DO (dissolved oxygen) to the incoming sewage and will help reduce odors.  
Pumping 1 part of recycle to 6 parts of influent is suggested.  Sodium nitrate has been 
used to help eliminate odors.  The nitrate provides a quick source of oxygen, and may 
help temporarily, but does not cure an overloaded condition.  An application of 100 
pounds per acre is reported to be helpful with a continuing dose of 50 pounds per acre if 
the odors persist.  It reacts rather quickly but must be distributed over the entire pond to 
be effective.  If the odor problem reoccurs, the system is probably chronically 
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overloaded and major changes, such as addition of aeration equipment or increase in 
lagoon size will need to be considered. 
 
III. GENERAL OPERATION AND MAINTENANCE 
 
A facultative lagoon should be visited regularly, daily if possible, during the workweek.  
Each visit should be recorded in a logbook, or data sheet.  See Appendices for an 
example of a log sheet. 
 
DAILY LOG 
 
The data required is not very extensive but should include the flow rate and any 
sampling or testing that is done.  It should also include notations concerning the 
weather, if sunny or cloudy, quiet or windy and the temperature.  The operator should 
make notations about the appearance of each cell such as if cells are a healthy green or 
if scum mats are present and describe the odor (if any).  Of course, the discharge rate 
and appearance are important if the system is discharging.  Many operators have 
developed their own record keeping and find it very useful as it allows them to anticipate 
conditions and make provision for actions as needed.  Log sheets should be kept in an 
organized manner and bound in a notebook, available for use by future operators. 
 
A list of daily notations in the log could include these items: 
 
1. Note if any scum, floating debris, or algae mats are present.  Rake off large 

accumulations, if possible. 
 
2. Look for signs of burrowing animals and eradicate if found. Fill all holes. 
 
3. Note the smell and appearance of each cell.  Is there any odor of anaerobic or 

septic condition? 
 
4. Check for cattails, reeds, or willow growth. Remove plants, taking care not to 

damage the liner. 
 
5. Note condition of dikes.  Any erosion? Look for exposure of liners.  Some synthetic 

liners are degraded by exposure to sunlight.  Recover with earth.  Check exposed 
liners for damage, tears, split seams, and other conditions which would require 
repairs.  
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6. Note fencing condition and repair as 
needed.  Keep gates and locks in 
good condition.  Unauthorized persons 
should not be allowed access.  Make 
sure that warning signs are in place 
and in good condition. Owners of 
lagoons near inhabited areas should 
take all necessary measures to 
prevent unauthorized access. 
Children have drowned in lagoons 
in Montana! 

 
7. Check the inlet structure. Clean trash 

from bar screens and dispose of it.   
 
 

 
 
8. Check the draw-off structure.  Which level is being used?  Is it the optimum level? It 

is important to maintain water two feet above the solids layer to provide treatment of 
the wastewater and reduce odors from the lagoon, even following draw down.  Make 
gradual changes in lagoon level rather than allowing drastic differences in water 
surface elevation. 

 
9. Exercise all valves on a periodic schedule to make certain they operate properly. 
 
10. Look for evidence of short-circuiting and correct the problem if the capability is 

available to the operator, such as changing flow paths. 
 
11. Check around the perimeter of cells for evidence of leakage or seepage. 
 
WEED CONTROL 
 
Weeds should be kept under control.  Weeds along the edges will collect floating debris 
and scum, which is unsightly, generates odors, and provides a place for mosquitoes to 
breed.  Weed control includes weeds along the entry road, on the berms, and the 
slopes.  A sickle mower is useful for this task as it can be worked on dike slopes.  Great 
care should be taken when mowing sloping areas.  More than one tractor has been 
overturned.  Deep-rooted plants, such as alfalfa and trees (willows are bad), can 
penetrate the lagoon liner and cause failure of the bank.  Muskrats and gophers are 
especially damaging and must be kept out for they can burrow a hole right through the 
dike.  It is not a good idea to pasture horses or cattle in the lagoon area.  They will 
break down the banks as they wade into the water. 
 
Do not use herbicides at the water level, or where residues can be washed into the 
lagoon.  Herbicides and insecticides can only be applied by a person with a license for 

Poor Fence Condition! 
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using such chemicals.  Approval from DEQ is required before use near the lagoon or 
discharge area.  These chemicals can be very toxic in surface waters! 
   
Control of cattails growing in or around the lagoon is very important.  Uncontrolled 
cattail growth can cause pond failure.  The roots of cattails can penetrate the clay liner 
of a pond allowing seepage to occur.  The more numerous the cattails, the greater the 
possibility of a seepage problem.  Cattails reduce the oxygen intake of a lagoon in many 
ways, such as reducing the wave action, wind action, and sunlight penetration.  Cattails 
also encourage mosquito growth, serve as a harborage and food source for certain 
burrowing rodents, and add an additional organic BOD demand. Suggested methods for 
cattail control are: 
 
1. New growth cattails can be pulled by hand before the plant produces its extensive 

root system, which are almost impossible to pull once established. 
 
2. Mowing will keep vegetation low and frequent mowing may reduce cattail population 

over time by depleting root food reserves. 
 
3. Lower the water level to expose cattails, and then burn with a gas burner.  Burning 

will get rid of the top growth, but like mowing, needs frequent repetition to control 
regrowth. 

 
4. Allow the surface to freeze at a low water level, raise the water level and the floating 

ice will pull the cattails as it rises.  Best results are obtained when the cattails are 
young. 

 
5. Increase water depth to above tops of cattails for to kill the plant. 
 
6. As a last resort, cattails can be sprayed with a state registered herbicide. 

  
All aquatic herbicide applicators must be licensed by the Montana 
Department of Agriculture prior to any application.  Approval from the 
Montana Department of Environmental Quality (444-6697) is required prior to 
using an herbicide in or near a discharging wastewater lagoon. 

 
EROSION CONTROL 
 
Erosion of the banks by wave action can be a problem.  If allowed to go unchecked, 
waves can seriously narrow the dike and cause shallow areas along the bank.  
Sloughed materials can lead to shallow weed growth in the lagoon cell.  Some synthetic 
liner materials can be seriously damaged if cover materials are eroded and the liner is 
exposed, with damage occurring after only a relatively short exposure of the liner to 
sunlight.  If erosion becomes a problem, the long-range solution is usually placing riprap 
on the problem bank.  Riprap should consist of clean large rock, typically 6ò to 12ò in 
size.  Do not dump large concrete blocks, car bodies or other junk along the banks.  
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Synthetic liners usually require a soil cover which is then covered with riprap.  Materials 
comparable to the original construction should be used to repair exposed liners.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
SLUDGE MONITORING 
 
All lagoons will accumulate sludge, leading to the eventual need to remove the material.  
Facultative lagoons, by nature of their size, can hold sludge accumulations for several 
years.  Newer lagoon designs are sized specifically to hold a certain amount of sludge, 
whereas older systems may have no excess storage volume available for sludge. 
Operators should periodically measure sludge depths in each of the lagoon cells, using 
a grid to establish position of sludge deposits.  A record should be maintained on the 
sludge accumulations and the depths should be rechecked, roughly every five years. A 
sludge judge is a clear tube measuring Ĳò-1 ıò in diameter, and usually stands around 
15 feet tall but can be adjusted longer or shorter by adding or removing tubing sections.  
The wastewater flows in through a check valve on the bottom that allows water to flow 
in but will not let it out until it is opened manually by pushing the bottom against a solid 
surface.  There are rings around the sludge judge every foot, so the depth of the sludge 
can be measured which allows the collection of a water/sludge core, making it a good 
tool for measuring sludge depths.  The DEQ or the Montana Rural Water Systems can 
assist operators in sludge monitoring.  For safety reasons, an operator should not do 
the work alone.
 
 
 

  

Sludge Removal Operation 
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CHAPTER 5 
 
I. AERATED LAGOONS 
 
As described in the previous section, a facultative lagoon depends, in part, upon algae 
and their photosynthesis as well as wind to provide the oxygen for bacteria to consume 
the organic waste.  The system is very dependent upon weather and climate conditions 
and a large surface area on the lagoon to ensure that adequate oxygen transfers from 
the atmosphere into the lagoon.  Treatment is not always optimum and if a continuous 
discharge is made, there may be permit failures part of the year.  Treatment slows 
during winter and the effluent BOD may rise to the point where the limitations of the 
discharge permit are exceeded.  During warm summer months, algae growth 
accelerates.  Suspended algae flow out with the discharge water and may cause a high 
suspended solids test.  Although the process is inherently simple to operate, the 
operator of the facultative lagoon system has few control options.  As land becomes 
more valuable in Montana and communities grow, often an economic analysis of 
treatment options will favor an aerated lagoon over a facultative pond system.  Aerated 
lagoons use a supplemental source of oxygen provided by mechanical equipment.  In 
general terms, an aerated lagoon requires about one-sixth of the total pond volume of a 
facultative pond to achieve comparable levels of treatment. 
 
The aerated lagoon is a good system for small to moderate sized communities not 
required to produce effluent with advanced levels of treatment prior to discharge.  They 
do require more energy and operator attention than a facultative lagoon, thus operating 
budgets for a community using an aerated lagoon will be greater than for a community 
with a facultative lagoon.  
  
There are several different aeration systems used in aerated lagoons, including the 
following types: 
 

¶ Fine bubble diffusers  

¶ Coarse bubble diffusers 

¶ Floating aspirating aerators 

¶ Floating surface mixers 

¶ Jet aeration 
 
There are two main functions that any aeration system should perform, as follows: 
 
 Aeration:  To transfer atmospheric oxygen from the air to the wastewater as 

needed to supply the needs of aerobic and facultative microorganisms. 
 
 Mixing: To keep the contents of the lagoon from stratifying and to distribute the 

oxygen throughout the upper portion of the cell. 
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PARTIAL MIX AERATED LAGOONS 
 
Most aerated lagoons in Montana are partial mix designs.  This means that some 
settling of solids and anaerobic decomposition on the bottom occurs.  Enough mixing is 
provided to disperse dissolved oxygen (DO) into the upper levels of the cell.  The 
aeration equipment may be designed to operate continuously, or to run intermittently.  
Many aeration systems experience freezing problems if run on an intermittent basis 
during the coldest winter months in Montana.  Operators frequently will run the aeration 
system continuously in the winter to avoid freezing problems and the associated 
maintenance that might be needed to free up the system.  
 
Aeration systems can be controlled with a timer so that the operator can set the aeration 
timing to serve the characteristics of the treatment plant as well as to save energy.  In 
general, it is not wise to keep the aerators turned off for a long period of time (several 
hours.)  The suspended bacteria begin to settle, and quiet conditions tend to encourage 
algae growth or septic conditions.  The operator should test for dissolved oxygen to be 
sure that there are consistent levels in the cell.  Generally, about 1-2 mg/l is sufficient.  If 
the system DO is higher, the aeration schedule can be reduced, but in an aerobic 
system, the DO should not be allowed to get below a concentration of 1 mg/l as it is 
unhealthy for the bacteria.  Based on observation, the operator of an aerated facility 
should determine the best timing and schedule for aeration.  As algae are present, 
some DO is supplied from them and can vary with the time of day, similar to a 
facultative cell.  Dissolved oxygen tests should be run at the same time each day.  
Morning is a good time before the effect of algae growth becomes more pronounced 
later in the day. 
 
Engineers designing submerged blower and fine bubble diffuser aeration systems may 
utilize variable speed drives to provide turndown capability on aeration to save energy.  
The variable speed drives allow the operator to turn down the speed of the blower 
motor, resulting in a corresponding reduction in the output of the blower.  While these 
systems allow a more effective use of the aeration equipment, the variable speed drives 
increase the capital costs of the blowers and add operational complexity to the system. 
 
Aerated lagoons are usually much deeper and smaller in area than cells without 
aeration.  A depth of 12 to 15 feet is normal.  If a submerged system is being used, the 
added depth increases the efficiency of oxygen transfer and reduces the number of 
aerators needed to achieve mixing.  The organic loading of aerated lagoon cells is 
considerably higher than facultative cells.  A non-aerated cell in Montana may be loaded 
at 20 lbs BOD per acre, but an aerated cell could be loaded with up to 75 to 100 pounds 
BOD per acre.  The actual loading rate is limited by the amount of oxygen the aeration 
system can supply.  The aeration system must be designed to provide 2.5 pounds of 
oxygen to the wastewater for each pound of BOD which must be removed, as needed to 
meet effluent standards.  Aerated lagoons will be effective in nitrifying ammonia 
compounds during the warmer months of the year but will typically lose nitrification 
capability in the wintertime.  Some discharge permits require ammonia removal in that 
ammonia compounds can be toxic to aquatic organisms. 
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COMPLETE MIX AERATED LAGOONS 
 
The complete mix lagoon approaches the characteristics of an activated sludge plant, a 
term used for mechanical treatment facilities considerably more complex than lagoon 
systems.  Some complete mix lagoon designs use a return of settled sludge to the first 
cell.  The returned sludge, when used, is active biological material.  Clarification 
following the complete mix basin is needed to settle biological solids and allow for return 
of the ñactivatedò sludge.  This type of complete mix lagoon is rare in Montana in that a 
mechanical treatment plant will typically be selected over a complete mix lagoon system 
if a high degree of treatment performance is warranted.  Energy and operational costs 
associated with a complete mix aerated lagoon are significant.  New designs are being 
developed which use complete mix lined earthen lagoons and concrete clarifiers.  
These systems may allow lagoons to achieve nutrient removal and may be effective for 
small communities which are required to have a highly treated effluent.  
 
AERATED-FACULTATIVE LAGOONS 
 
There are some facultative lagoons that have been converted to aerated lagoons by the 
installation of aerators.  There are varying degrees of aeration in these systems ranging 
from ñalmost facultativeò with light aeration, to a more typical partially mixed lagoon 
design.  Facultative lagoons, with their shallow depth and large volume, are not well 
configured to be converted to an aerated lagoon without substantial reconstruction. The 
modified lagoon may generate excess growths of algae.  Putting aerators in a 
facultative lagoon may improve the performance of an overloaded facultative lagoon but 
it will not approach the effectiveness of a properly designed aerated lagoon system.   
 
II. AERATION SYSTEMS 
 
SURFACE AERATORS  
 

Surface aerators are electrically 
powered machines which float 
on the lagoon water surface.  
They may be mounted on pier 
foundations or may be supported 
by a large doughnut-shaped 
float.  The motor drives an 
impeller that throws the water 
into the air where it absorbs 
oxygen.  The action of the 
impeller also creates a well-
mixed zone for a considerable 
area around the aerator.  Few 
municipal lagoons in Montana 
use floating surface aerators as 

Floating Aerator with 

Supplemental Blower 

Courtesy Aeration 

Industries 
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there have been problems with ice formation on the machinery and on the floats.  Ice 
has been heavy enough to sink older style floating aerators of the paddle-impeller type, 
but manufacturer improvements have eliminated much of this problem.  Pier-mounted 
surface aerators are used in certain industrial applications in the state. 
 
FLOATING ASPIRATING AERATORS  
 
Floating aspiring aerators are being used at several Montana municipal lagoons.  They 
use floats or pontoons with the aeration unit suspended between the floats.  The 
electrically driven aerator consists of a long hollow shaft suspended at an angle to the 
water with a propeller on the end of the shaft.  Air is sucked down the propeller shaft 
and driven as small bubbles down into the water.  The angle of the shaft and the 
direction that it is pointed determines the mixing movement of the cell.  Usually several 
aerators are arranged in a pattern to develop a circular movement in the cell.  Floating 
aspirating aerators are not as prone to winter problems as floating mechanical surface 
aerators but do require the operator to take precautions.  If temperatures are very low, it 
is best to keep the aerators running otherwise the rotating equipment may freeze in 
place.  Once frozen they can be difficult to free in severe weather.  Some models may 
be equipped with heaters to assist in fighting the icing problems.  It is treacherous to go 
out on the ice to pour hot water or antifreeze into the aerator and the practice should 
never be undertaken by the operator. 
 
FINE BUBBLE SUBMERGED 
AERATORS  
 
Fine bubble submerged aerators can be 
efficient in oxygen transfer, resulting in a 
savings of energy in comparison with 
other types of aeration systems.  In 
general, the smaller the bubble that an 
aerator produces, the more efficient the 
system will be.  The surface area to 
volume ratio on small bubbles is greater 
than large bubbles, allowing for more 
area for the oxygen to pass from the air 
bubble into the wastewater.  However, 
some fine bubble (diffused air) systems 
used in the past have had problems with 
maintenance including difficult access 
and plugging. Several systems using rigid plastic piping with very 
small slits cut into the pipe required complete replacement, after 
system failure occurred due to plugging. New systems utilizing plastic 
membrane diffusers have been developed which have shown 
satisfactory performance results in terms of maintenance. As air is 
applied, the membrane sleeve expands, and a small bubble is 
discharged. Upon shutoff, the membrane contracts which limit 

ñPolconò Helixor 

Suspended Fine Bubble Diffusers 
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backflow into the system and plugging. After a period of time (approximately 5-7 years) 
the membranes lose their elasticity and must be replaced.  While fine bubble diffusers 
can be effective in saving energy costs, system operators and owners must be prepared 
to pay the operational costs associated with the replacement of the diffuser membranes.  
To achieve full benefit of the energy savings potential of the fine bubble diffuser, the 
operator must utilize the blowers effectively with timer control or variable speed drive to 
avoid over-aeration of the lagoon contents.  Fine bubble diffuser systems require 
blowers and air distribution piping to deliver the air to the diffuser units, located near the 
bottom of the aeration cell.   
 
STATIC TUBE AERATORS 
 
Static tube aerators are generally considered a ñcoarseò bubble diffuser. Aeration 
systems using these diffusers can be low in maintenance but can be relatively 
expensive to run as they are not very efficient, resulting in the need to provide larger 
blowers and more energy to power the blowers.  The diffuser unit is a plastic tube 
standing upright on the lagoon floor, anchored over an air lateral.  Air enters the diffuser 
arrangement through a relatively large diameter hole in the lateral and the air rises 
through the tube where the oxygen transfers into the wastewater.  Manufacturers have 
devised ways to increase the time of air/water contact in the tube and to form a smaller 
bubble, thereby to increase the efficiency. Static tubes are not subject to winter 
problems as they are below the ice. A good static tube aerator is an excellent mixer as 
the rising air creates a pumping action vertically.  Static tube aeration systems have 
been used many years in Montana with good performance and very limited 
maintenance needed on the diffuser system.  As with fine bubble diffusers, the static 
tube aeration system requires blowers and an air distribution system to deliver the air to 
the mixing aerator device.   
 
BLOWERS AND PLANT PIPING 
 
Blowers and plant aeration systems that discharge air under pressure through diffusers 
will require blowers to compress the air in the volume required and at the pressure 
necessary to move the air to the bottom of the lagoon cell.  Blowers typically are located 
adjacent to the lagoon cell in a blower building, which would also contain the controls 
and instrumentation for the blowers.  A system of pipes, often welded steel, will carry 
the air to the submerged diffusers. From the main air header, laterals will branch out 
into the lagoon cell where air is dispersed to the diffuser unit.  Valving will typically be 
used on each lateral to allow for a balancing of air throughout the system.  Plastic 
(HDPE) piping is frequently used for the air laterals and the feeder lines to the diffuser 
units. 
 
The two types of blowers most often used in aerated lagoons include the centrifugal 
blower and the positive displacement blower.  A positive displacement (PD) blower 
discharges a fixed volume of air over relatively wide range of discharge pressures. PD 
blowers can be noisy and require silencers to baffle inlet and discharge air noise 
generation.  The PD blower is a good choice for a smaller system.  The speed of the 
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blower can be controlled through changing sheaves on drive pulleys or use of a variable 
speed drive.  Use of speed control or, alternatively, timer operation will allow the 
operator some turndown capability to allow for energy savings.  
 
Centrifugal blowers are found in larger systems where large volumes of air are required. 
The blower operates somewhat like a centrifugal pump where rotating vanes force the 
air from inlet to outlet.  While quieter than PD blowers, centrifugal blowers emit a high-
pitched whine and silencers are necessary.  Turndown capacity can be provided 
through throttling of the inlet to the blower although variable speed drives are 
sometimes used on centrifugal blowers.  The centrifugal blower operates within a limited 
range of pressure differential; thus, their use is restricted to systems where the water 
level is kept relatively constant. 
 
WIND POWERED MIXERS  
 
Wind powered mixers are available which have been effective as mixing and aeration 
aids for facultative lagoons or to supplement aeration systems in aerated lagoons.  The 
equipment is surface mounted on a float.  These units depend upon wind to turn a 
vertically oriented rotor which in turn operates a submerged impeller.  An advantage is 
that no electrical power is used, although some units utilize an electric motor which 
operates when the wind is not blowing.  While the wind powered mixer undoubtedly 
increases the transfer of oxygen from the atmosphere into the wastewater DEQ has 
considered the equipment as ñmixersò rather than aerators. Consequently, more 
effective means of providing air must be incorporated into aerated lagoon designs. The 
mixers have been used effectively in existing facultative lagoons to improve 
performance through better mixing and oxygen dispersion. 
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SOLAR POWERED MIXERS  
 
Solar powered mixers are finding some utilization in Montana to improve mixing and 
oxygen transfer in facultative lagoons.  While the power source is free, the energy 
potential that can be taken from solar radiation and converted into electrical energy to 
power a mixing device is limited given the area of the solar panel that can be located on 
a floating mixer. 
 
III. OPERATION AND MAINTENANCE 
 
Mechanical equipment requires operator attention and maintenance.  Study the 
information provided by the manufacturer to be sure you are familiar with start-up, shut 
down, and operating recommendations and requirements. Positive displacement 
blowers are usually used in lagoon systems.  An air relief system is provided on the 
blower so that air pressure can be gently applied to blow the water out of the airlines 
before full load is put to the aeration system.  A blast of high-pressure air can destroy 
the underwater piping and/or the aerators.  Watch blowers for overheating, for proper 
belt alignment and tension.  Keep the air filter clean on a preventative maintenance 
schedule.  Positive displacement blowers are sensitive to any restriction in the air 
supply and a dirty filter will make them overheat, as will inadequate lubrication.  As with 
all mechanical equipment, lubricate with the manufacturer's recommended lubricant and 
on the specified interval.  Make sure that the ventilation system is working in the blower 
building. High temperatures can damage electric motors very quickly. 
 
A floating aspirating aerator should never be run with the propeller out of the water.  In 
some models the bearing is water lubricated and will be destroyed by running dry.  
Watch current draw or motor temperature as indications of propeller fouling.  If there is 
bucking, there may be vortexing, the mounting cables may need to be tightened, or rags 
may be hanging up on the propeller.  Listen and watch for excessive vibration which 
may be due to loosened mountings or imbalance.  A good preventative maintenance 
program will prevent crisis breakdowns and limit the possibility of discharge of poorly 
treated water. 
 
Blowers and aerators are electrically powered with high voltage three-phase current.  
Unless you are a trained and competent electrician, leave hazardous electrical 
equipment to professionals.  Your best guide to operation and maintenance of aeration 
equipment is the instructions and recommendations included in the manufacturer's 
operations and maintenance manual.   
 
Successful aerated lagoon operators know the value of record keeping and laboratory 
work.  In the Appendices of this manual you will find examples of log sheets devised 
and used by operators.  A daily log records weather, color, odor, aerator function, run 
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times, air dispersion patterns, and other factors that the operator feels is important to 
note.  The flow into and flow out of the system should be recorded as well as the level. 
Regular measurements of dissolved oxygen should be taken. Lagoon operators should 
note all these important parameters.  Each year, these records will become more 
valuable in planning.  Trend charts should be prepared to allow better understanding of 
how the system operates in response to differing conditions.  Plotting flow, influent and 
effluent, BOD5 and total suspended solids (TSS) values, nutrients in the effluent, fecal 
coliforms, dissolved oxygen, and other factors against time on a trend chart can be very 
useful in predicting the operation of a lagoon system.  It can be used to vary the 
operation of the aerators and potentially save energy. The information can be used by 
new operators and could show someone how a system reacts to seasonal changes in 
the weather.  It can alert system owners that an upgrade may be necessary if effluent 
values are deteriorating.  
 
Sludge will build up rapidly in partially mixed aerated lagoons in comparison to 
facultative lagoon systems. Operators should periodically measure sludge depths in 
each of the lagoon cells, using a grid to establish position of sludge deposits. A record 
should be maintained on the sludge accumulations and the depths should be 
rechecked, roughly every five years.  When the level of sludge in the lagoon reaches 18 
inches the sludge should be removed. Failure to remove the sludge can cause the 
system to violate the discharge parameters. Sludge will add nutrients and may add 
solids to the water column and be discharged. The DEQ or the Montana Rural Water 
Systems can assist with sludge monitoring.  For safety reasons, an operator should not 
do the work alone. 
 
Refer to Section II of the previous chapter on facultative lagoons for general plant 
maintenance recommendations.  The items listed there also apply to aerated facilities. 
 
DISSOLVED OXYGEN 
 
A dissolved oxygen meter or test kit should be available and regularly used to be sure 
that proper DO levels are present.  If less than 1 mg/l of oxygen is present, the aerobic 
bacterial population will start to die, and treatment will suffer.  If an excessively high DO 
is maintained, the suspended solids may become difficult to settle and a high effluent 
suspended solid may result.  Sampling for DO should be done with great care. (See 
Chapter 9 on sampling).  As DO can vary considerably during the day and night 
because of algae and bacterial respiration, it is best to sample at the same location, the 
same depth, and at the same time of day to have consistent comparisons.   
 
There are two methods of testing for dissolved oxygen including the Modified Winkler 
method, which is a chemical test, and the use of an electronic DO meter.  There are 
compact kits available that simplify the Winkler method into an easily run field test, or it 
may be performed as a laboratory analysis.  The DO meters utilize a membrane probe 
with an electronic instrument.  Some are designed for use as handheld with field probes 
that can be inserted into the pond or flowing stream. Plants with laboratory facilities may 
have a bench type meter which will require bringing a sample into the lab.  The meters 
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are quite easily calibrated and should be calibrated before each use (daily) to be certain 
results are correct. 
 
Spot checks of DO levels in each of the lagoon cells as well as checks at various depth 
levels should be taken on an occasional basis.  This information will help the operator 
know if the oxygen is being adequately dispersed and that sufficient mixing is being 
provided.  
 
A pH instrument is also needed to check levels in the lagoon cell. While pH levels may 
vary from 6 to 9, levels above 9 may indicate an algae bloom (and a problem!).  Some 
aerated lagoon plants will have a full laboratory, while others may send samples to a 
commercial lab for BOD and suspended solids tests. A good laboratory test schedule is 
necessary for an efficient system operation. 
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CHAPTER 6 
 
I. DISINFECTION 
 
Disinfection is a process or procedure in which pathogenic bacteria and viruses are 
destroyed or inactivated.  Pathogenic is the term used to describe bacteria, viruses, or 
other microorganisms that cause disease.  There are many varieties of bacteria that can 
cause disease and it is a very difficult task for the microbiologist to identify them all.  So, 
instead of trying to find the actual pathogenic bacteria, another easily identified group of 
bacteria is used.  This bacterial group is the coliform group.   
 
Coliform bacteria are present in fecal waste from warm- blooded animals, including 
man, but may also be derived from other natural sources. A coliform test then identifies 
if there is a possible contamination from fecal waste. Some coliform-type bacteria come 
from sources other than fecal waste.  So, to be more specific, a variation of the coliform 
test will determine only those bacteria that have fecal waste as their host source.  This 
is the fecal coliform test.   
 
Millions of both pathogenic and non-pathogenic bacteria are present in raw sewage.  
While conventional secondary treatment processes will reduce bacterial concentrations, 
disinfection of the treated effluent stream may still be necessary.  Wastewater discharge 
permits typically require a maximum limit of fecal coliform in the discharge (generally 
determined instream after dilution):  

¶ 126 organisms per 100 milliliters in the summer, and  

¶ 256 organisms per 100 milliliters in the winter.   
In other words, the regulatory agencies have determined that a concentration of coliform 
organisms per 100 milliliters listed above is a level that makes the water safe for 
recreational use.  The DEQ establishes coliform limits in the Montana Pollutant 
Discharge Elimination System (MPDES) discharge permit specific to each stream 
receiving the treated wastewater.  In many cases, DEQ does not require wastewater 
disinfection during the winter months due to the low potential for contact between 
recreational users and the receiving waters. 
 
Historically, chlorination is the primary method of disinfection for wastewater in 
Montana.  Ultraviolet light disinfection equipment is being used more frequently due to 
the safety and environmental benefits associated with the equipment.  Both methods 
have certain advantages and disadvantages.  
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II. METHODS TO DISINFECT WASTEWATER 
 
CHLORINATION 
 
There are two principal methods of adding chlorine to water:  

¶ gas chlorination, and  

¶ hypochlorination using liquid solutions of either calcium or sodium hypochlorite.  
 
 A third less frequently used method uses tablets of calcium hypochlorite. 
 
GAS CHLORINATION 
 
Chlorine gas is supplied in pressurized cylinders in liquid form much the same as 
propane.  At normal room temperatures the cylinders have about 90 psi of pressure.  
Chlorine gas is very dangerous and poisonous, and it must be handled and used with 
great care.  The usual method of feeding chlorine is with a vacuum ejector and pressure 
regulating controller (the chlorinator) that mounts directly on the chlorine cylinder. A 
stream of pressured water flows through the ejector and draws the vacuum.  The 
chlorine gas is pulled into the stream of ejector water which is then fed into the main 
wastewater flow.  A valve in the chlorinator opens only if vacuum is present.  As the 
entire system operates under vacuum, no chlorine can leak.  Chlorine dosage is 
controlled by a small needle type valve, or rotameter.  The flow of chlorine is shown by 
a ball floating within a glass tube.  Operators using gas chlorination should receive 
"hands-on" training at their site.   
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HYPOCHLORINATION 
 
Chlorine can also be obtained from sodium hypochlorite solutions.  A common 
hypochlorite is household bleach, marketed under the trade names of Clorox, Purex, 
etc.  The bleach has a strength of about 5.25 percent available chlorine.  Chemical 
solutions are also available from chemical supply companies which contain12-14 
percent available chlorine.  For disinfection, the hypochlorite is usually diluted (but can 
be used full strength) and fed to the wastewater with a small metering pump.  
Commercial grade chlorine should be used for wastewater disinfection rather than 
household bleaches. 
 

Chlorine can also be obtained from calcium hypochlorite.  Calcium hypochlorite is a 
solid white substance containing 65 percent available chlorine.  It is available in a 
granular form that can be dissolved in water to make a solution.  The solution is fed by a 
metering pump in the same manner as sodium hypochlorite.  It is also available in large 
compressed tablets.  The tablets can be put into a plastic holder and feeder where they 
slowly dissolve, releasing chlorine to the wastewater stream. This method of 
chlorination would make control of the chlorine concentration difficult. 
 
CHLORINE CONTACT BASINS 
 
Chlorine does not kill instantaneously, so a contact time is required to produce the 
required disinfection.  A contact time of 15 minutes at peak hourly flow is usually used 
for sizing contact basins.  Contact basins constructed of concrete with serpentine or 
baffled channels are used to establish good plug flow conditions needed for effective 
contact time between the chlorine and the wastewater. Very turbulent mixing is needed 
at the point where the chlorine is injected into the wastewater flow stream.  Usually two 
contact tanks are constructed so one may be bypassed, taken out of service and 
cleaned. 
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Chlorination will reduce the coliform count, but if the effluent contains algae, there is a 
possibility of killing the algae cells also.  Dead algae increase the BOD.  The chlorine 
concentration must be closely controlled under these conditions.  The chlorine residual 
is limited in all discharges to 0.1 mg/l.  In certain waters where toxicity is a problem, a 
lower limit will be set. 
 
DECHLORINATION 
 
Residual chlorine and chlorine compounds can be toxic to aquatic organisms found in 
streams receiving treated wastewater.  The DEQ will evaluate the available flow in the 
stream and set chlorine levels accordingly to protect downstream plant and animal life.  
If a community has a low fecal coliform limit and a low residual chlorine limit in their 
discharge permit, the use of dechlorination equipment may become necessary.  Sulfur 
dioxide is a gas commonly used to dechlorinate wastewater, fed into the chlorinated 
waste stream with equipment similar to gas chlorination equipment. With good mixing, 
the dechlorination process occurs almost instantaneously therefore contact time is not 
needed.  Monitoring equipment that continuously measures chlorine residual may be 
necessary to properly establish the required dosage level of chemicals used in the 
dechlorination process. 
 
SAFETY CONSIDERATIONS 
 
Chlorine in all forms is a hazardous substance although gas chlorine requires special 
handling.  Chlorine gas is heavier than air and will collect in low areas.  Chlorination 
equipment should be housed in structures constructed specifically for this purpose and 
must have alarms to detect leaks.  Operators utilizing gas chlorine should be well 
trained on how to properly use the equipment and protect themselves from exposure.  
Self-contained breathing apparatus (SCBA) must be available and used by the operator 
when fixing a leak.  Caution:  Do not spray water on a leaking chlorine cylinder 
because the water will make the hole on the cylinder larger.  For more routine 
tasks, personal protection gear including rubber gloves, and face shields are a must.  
More information on safety precautions is included in Chapter 8 of this manual. 
 
ULTRAVIOLET LIGHT 
 
Bacteria and viruses can also be killed by exposure to high intensity ultraviolet (UV) 
light. The light disinfects the wastewater by altering the DNA of the microorganisms so 
they can no longer reproduce.  Wastewater (or drinking water) is passed under pressure 
through a chamber containing ultraviolet lamps.  The lamps are enclosed in quartz 
jackets to protect them from direct water contact.  The lamps are similar to fluorescent 
lamps and are usually 48 inches long and spaced about 3 to 4 inches apart.  The 
number of lamps required depends upon the flow rate and UV dosage needed to 
achieve a required rate of bacterial reduction.  Typically, two units must be provided to 
allow for process reliability and redundancy. 
 
Another design of UV equipment uses banks of ultraviolet lamps in quartz jackets 
immersed directly into a concrete channel in an open channel flow configuration, as 
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shown in the following drawing.  Usually the equipment will be enclosed in a small 
building. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
OPEN CHANNEL UV DISINFECTION SYSTEM 
 
Ultraviolet disinfection systems leave no residual that can be tested.  To evaluate the 
performance of the UV equipment, it is necessary to run a test for coliforms.  For control 
purposes, instruments show light intensity and give a signal if light intensity is too low.  
The efficiency of UV disinfection is affected by turbidity (cloudiness) of the water and the 
buildup of scale on the tubes.  While algae can reduce the overall performance of the 
UV process, the algae are not appreciably affected under the usual dosage necessary 
to inactivate bacteria. 
 
Operational requirements of the system include checking the process equipment, 
cleaning the tubes, and replacing the bulbs.  Bulb life is approximately 10,000 to 15,000 
hours. Cleaning requires removal of the tubes or banks of tubes and cleaning with a de-
scaling solution such as Lime-a-Way. The tubes also require power, generally provided 
through a 120-volt power supply. 
 
Water that has been disinfected by the UV process will not be toxic to instream aquatic 
organisms.  Chlorinated compounds normally generated as a byproduct of chlorination 
processes are not present.  While the process is inherently safer than chlorine 
disinfection, UV light can be damaging to eyes and the operator must wear properly 
shielded eyewear.  The tubes may become hot and cause burns. 
 
OTHER DISINFECTION METHODS 
 
Other ways to disinfect wastewater are possible but are not discussed in this manual 
because they are not used in Montana.  Ozone has been used for wastewater 

Open Channel UV Disinfection System 
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disinfection. Other chemicals, including chemical substances with chlorine as a 
component, are used for disinfection. 
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CHAPTER 7 
 
I. CONVEYANCE SYSTEMS   
 
Wastewater collection systems, or sanitary sewers, are used to connect sources of 
wastewater, homes, commercial establishments, and industries to wastewater treatment 
plants (WWTP).  The components needed to collect, pump, and discharge wastewater 
to the treatment facility is called the conveyance system. 
 
COLLECTION SYSTEMS 
 
Collection systems consist of a series of connected underground pipes and/or pumping 
stations.  The most common type of collection system is a gravity flow system that uses 
pipes laid on a declining gradient to allow flow velocities of about 2 feet per second to 
keep wastes and solid material in suspension as the wastewater flows through the pipe. 
Other types of collection systems, such as septic tank effluent pumping (STEP), rely on 
a series of small pumps attached to the piping system to convey the wastes to the 
wastewater treatment plant.  Gravity system pipes gradually get deeper into the ground 
until it becomes difficult to install the pipes, while STEP systems can follow the contours 
of the area.  
 
Collection systems are made up of pipes of many sizes.  Smaller sections are attached 
to the initial wastewater sources and the sizes increase as more trunk lines are attached 
to a main trunk.  Manholes are concrete structures located at changes in pipe grade or 
direction or will be regularly spaced to allow access to the upstream or downstream pipe 
sections for maintenance.  Pumping stations, or lift stations, may be used in gravity flow 
systems to raise the wastewater up so that it can flow downward again to the next lift 
station or treatment plant. 
 
Pipes can be made of different materials such as clay, concrete, iron, or plastic 
materials.  The materials should resist corrosion since wastewater can contain or 
generate dangerous gases or chemicals that can cause the pipes to break down.  Pipe 
systems in poor condition can leak, allowing infiltration by groundwater into the 
wastewater or allowing wastewater to exfiltrate into the groundwater.  Either situation 
will cause problems either at the WWTP or in groundwater, potentially affecting the 
environment and/or public health. 
 
Other sources of water into collection systems include storm water and illegal inflow 
sources. Storm water collection systems gather excess rainwater and snowmelt and 
carry it to surface water outlets or treatment facilities or combine it with sanitary sewers.  
When storm drains are attached to sanitary sewers, the extra water can wreak havoc in 
the treatment plants.  Combined sewers with storm and domestic wastewater should be 
separated to prevent problems with collecting and treating domestic wastes. Illegal 
inflow sources include roof drains from buildings or sump pumps from basements. 
 
The amount of wastewater treated in a WWTP can be measured by checking flows in 
various trunks of the collection system, in lift stations, and at the wastewater treatment 
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facility.  Often, infiltration and inflow (I/I) sources can be identified and removed.  The 
overall volume of I/I in the total wastewater flow to a WWTP can be significant and can 
increase the cost of treatment. Short-term flow events causing large amounts of I/I can 
drastically reduce performance of the treatment system by flushing the beneficial 
microorganisms out into the effluent. 
 
Maintenance of a collection system includes many activities.  Flushing the lines will help 
clear blockages and debris.  Using an in-pipe camera system will document the interior 
condition of pipes and connections, aiding in the repair and replacement of bad sections 
of the system. Operators must apply all appropriate safety measures when 
working on the system, monitoring discharges from various sources, and 
maintaining the pumping stations.   
 
Note:  Collection systems and lift stations are all confined spaces.  Before 
entering areas to perform work safety precautions and confined space safety 
permit requirements must be meet.  Call the Safety Bureau of the Department of 
Labor and Industry (406-444-6401) for more information. 
 
 
II. LIFT STATIONS, PUMPS AND MOTORS  
 
Lift stations are necessary in a wastewater collection system to collect wastewater at 
low areas in a community and convey the water to the treatment system or lift the fluid 
up into a gravity line. Lift stations require significant operation and maintenance and 
should be avoided in the design of a system, if possible.  Generally, a lift station will 
consist of a wet well, pumps, controls, valves, and discharge piping or force main.  The 
force main carries the pumped fluid downstream to the treatment plant or to another 
sewer main.  The pumps used to convey the wastewater are usually centrifugal pumps 
designed to carry solids without clogging.  The wet well of a lift station allows 
wastewater to collect between pumping cycles and should be sized large enough to 
prevent excessive cycling (off/on operation) of the pumps.  Lift stations should have at 
least two pumps and each pump must be capable of passing the maximum expected 
flow in the system.  
 
Controls that activate the pumps set the ñonò level, the ñoffò level, alarm conditions, and 
levels which would activate the second pump.  The control system should also alternate 
operation between the two pumps, so each pump and motor have about the same time 
of actual usage.  Pump stations where the pumps and motors located in the wet well are 
called submersible pump stations.  Pump stations where the pumps are located 
adjacent to the wet well in a separate structure are called dry pit pump stations or wet 
well-dry well pump stations.  Pump stations may be custom built on site using concrete 
structures or may be delivered to the site as a ñpackageò lift station. 
 
The pumps discharge into the force main with an isolation valve and a check valve used 
in proximity to the pump equipment.  The isolation valve is used to allow removal of the 
pump yet keep the operating pump in service.  The pumps must provide sufficient 
energy to raise the fluid to the final discharge point, overcome the frictional resistance in 
the piping or valves and to provide velocity to the fluid.  The sum of these energy needs 
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is called the total dynamic head of the system.  The check valve prevents flow in the 
force main from flowing backwards into the wet well when the pumps are off.  The force 
main is a pressurized pipe conduit which carries the wastewater to the delivery point in 
the system.  Force mains must be at least 4 inches in diameter and are sized to ensure 
that the flow velocity in the pipe is at least 2.0 feet per second, which is the minimum 
velocity needed to keep the wastewater solids in suspension.  Force mains should be 
buried at least 6.0 feet deep to prevent freezing and should have air and vacuum relief 
valves at high points in the main, other than the discharge point.  Long force mains or 
force mains with much lift may create conditions for water hammer ï a strong  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

pressure wave in the liquid which occurs with an abrupt change in flow rate, such as 
when a pump shuts off.  Water hammer creates high pressure conditions which can 
damage piping components.  
 
OPERATION AND MAINTENANCE 
 
Lift stations should be checked daily for proper operation. Pumps should be running 
smoothly and without cavitation. Cavitation is a low-pressure condition that occurs near 
the pump impeller where potentially damaging energy forces can be generated. Pump 
time recorded from hour meters. Controls and alarms should be functioning properly.  
Lift stations should have visual and audible alarms that will alert someone as to an 
adverse situation.  Telemetered or radio alarms may be necessary for remote lift 
stations. Any high-level conditions should be investigated for cause.  Wet wells will 
require periodic cleaning and removal of large objects which cannot be pumped.  Wet 
well and dry pits are confined spaces and all appropriate safety precautions must be 
observed when entering these areas. Ancillary equipment on a lift station, such as 
blowers or sump pumps, could be critically important to the safety of the system and 
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