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Hi Lynn,  
I've attached EC's thoughts on identifying when sludge removal might be needed.  Don't hesitate to contact me if 
clarification is needed. 

Thanks,  
        Anne  
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EC’s recommendation: 
 
EC is not in a position to provide hard and fast numbers or threshold recommendations 
for use in determining when sludge removal is needed.  Rather, we recommend that the 
sludge removal plan to be developed by the City include operational practices which 
regularly review the relevant factors.  Some general information is included below.  
Wastewater quality at the F6 lagoon outflow is already monitored monthly, so it would be 
a matter of tracking any interannual trends for changes in BOD and TSS values.  Sludge 
depth monitoring could be done based on the the other indicators (effluent quality and 
odour), with maximum intervals set for measurement.  In situ conditions would then 
determine when removal would be needed. 
 
 
Summary of sludge removal information: 
 
Sludge accumulates in the lagoon when solids accumulate faster than they can be 
digested by microbial activity; typically this is the case in cold climates.  This is a concern 
for both lagoon capacity reduction and sludge characteristics which may affect 
decomposition processes.  Some information from the 1988 MACA Guidelines has been 
excerpted and included below. 
 
There are several different approaches to sludge removal:   
• water quality: 

o If the effluent water quality is getting high in BOD and TSS, it may be an 
indication that the sludge layer is too deep. 

 
• sludge depth: 

o sludge accumulations can be evaluated by measuring sludge depths directly, 
i.e. surveying the pond bottom.  

o Many references indicate that it is necessary to monitor the depth of sludge 
each year, and remove the sludge when it gets too deep.  However, most of 
them do not define what is "too deep".  

o In the attached article (Accumulation, characterization, and stabilization of 
sludges for cold regions lagoons), the authors suggest that 5% of the total 
lagoon volume be reserved for sludge accumulation (pg 3).  This will require 
some calculations to determine what depth that translates to.  

 
• time: 

o The attached article excerpt (Optimization of lagoon operation, pg 16) 
indicates that 5-10 years may be a typical frequency for de-sludging lagoons.   

o This is also indicated in the "Guidelines for the Planning, Design, Operation 
and Maintenance of Wastewater Lagoon Systems" (page 31 of Volume II). 

 
• odour: 

o when lagoons start to really smell, it is typically due to the release of methane 
and hydrogen sulphide caused by digesting sludge, and it may be time to 
remove the sludge. 
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3.4 DESLUDGING LAGOONS 
Facultative and aerobic lagoons are intended to accumulate sludge, because part 
of the treatment process involves the biological decay of the settled material, 
either anaerobically in facultative systems or aerobically in aerobic systems. The 
rate of sludge accumulation will depend on the design of the lagoon, the strength 
of the wastewater, and the climatic conditions. In colder climates, sludge will 
accumulate more rapidly, because the rate of degradation of the settled organic 
matter is significantly reduced. Facultative lagoons generally accumulate solids 
more quickly than aerobic lagoons as they depend on anaerobic degradation for 
breakdown of the settled matter, which occurs slower than aerobic degradation, 
the predominant biological process in aerobic lagoons. Because facultative 
lagoons are generally deeper than aerobic lagoons, there is more volume available 
for sludge storage. The location and invert level of the discharge piping should be 
verified however, to ensure that settled sludge is not being inadvertently 
discharged with the lagoon effluent. 
Generally, desludging of a lagoon is required infrequently. Heinke and Smith 
(1988) suggested that 5 to 10 years may be the typical frequency for desludging 
short detention-time lagoon cells, while long detention-time lagoons with 
seasonal or annual discharges may not need to be desludged for even longer 
periods. Early in 2003, InfraGuide conducted a scan of current wastewater 
treatment plant optimization practices and trends in Canada. Of 25 respondents 
who operated lagoons, 32 percent reported they had never desludged their 
lagoon, and 40 percent reported they desludged every 10 to 20 years. A 
desludging frequency of every five years or less was reported by 20 percent of 
respondents operating lagoon-based systems. 
The amount of sludge accumulated in the lagoon should be measured every year 
or so to determine the volume and to plan effectively for the desludging 
operation. Sophisticated equipment, such as depth samplers, ultrasonic or optical 
sludge blanket detectors, or transits, can be used to determine the amount of 
sludge accumulated in a lagoon. A Sludge Judge, which is a clear plastic tube 
commonly used to measure sludge blanket levels in a clarifier, is also an effective 
and economical tool for estimating the amount of settled sludge in a lagoon. The 
“white towel” method described by Malan (1964) is also simple and effective. A 
white towelling material is wrapped around the bottom third of a long pole, 
which is slowly lowered vertically into the lagoon until it reaches the bottom. It is 
then slowly withdrawn. The depth of the sludge layer is visible at the point where 
the white towel is discoloured by the sludge particles that have been entrapped. 
Sludge depth should be measured at five or six points in the lagoon remote from 
the base of the berm.
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INTRODUCTION 
INFRAGUIDE – INNOVATIONS AND BEST PRACTICES 

 

WHY CANADA NEEDS INFRAGUIDE 
Canadian municipalities spend $12 to $15 billion annually on infrastructure but it 
never seems to be enough. Existing infrastructure is aging while demand grows 
for more and better roads, and improved water and sewer systems responding 
both to higher standards of safety, health and environmental protection as well as 
population growth. The solution is to change the way we plan, design and 
manage infrastructure. Only by doing so can municipalities meet new demands 
within a fiscally responsible and environmentally sustainable framework, while 
preserving our quality of life. 
 
This is what the National Guide to Sustainable Municipal Infrastructure: 
Innovations and Best Practices (InfraGuide) seeks to accomplish. 
 
In 2001, the federal government, through its Infrastructure Canada Program (IC) 
and the National Research Council (NRC), joined forces with the Federation of 
Canadian Municipalities (FCM) to create the National Guide to Sustainable 
Municipal Infrastructure (InfraGuide). InfraGuide is both a new, national 
network of people and a growing collection of published best practice documents 
for use by decision makers and technical personnel in the public and private 
sectors. Based on Canadian experience and research, the reports set out the best 
practices to support sustainable municipal infrastructure decisions and actions in 
six key areas: municipal roads and sidewalks, potable water, storm and 
wastewater, decision making and investment planning, environmental protocols 
and, transit. The best practices are available on-line and in hard copy. 
 
A Knowledge Network of Excellence 
InfraGuide’s creation is made possible through $12.5 million from Infrastructure 
Canada, in-kind contributions from various facets of the industry, technical 
resources, the collaborative effort of municipal practitioners, researchers and 
other experts, and a host of volunteers throughout the country. By gathering and 
synthesizing the best Canadian experience and knowledge, InfraGuide helps 
municipalities get the maximum return on every dollar they spend on 
infrastructure – while being mindful of the social and environmental implications 
of their decisions. 
 
Volunteer technical committees and working groups – with the assistance of 
consultants and other stakeholders – are responsible for the research and 
publication of the best practices. This is a system of shared knowledge, shared 
responsibility and shared benefits. We urge you to become a part of the 
InfraGuide Network of Excellence. Whether you are a municipal plant operator, a 
planner or a municipal councillor, your input is critical to the quality of our work. 
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Please join us. 
 
Contact InfraGuide toll-free at 1-866-330-3350 or visit our Web site at 
www.infraguide.ca for more information. We look forward to working with you. 
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EXECUTIVE SUMMARY 
 
Treatment of municipal wastewater in lagoon-based wastewater treatment plants 
(WWTPs) is common in Canada and very cost effective for smaller communities 
where land is available and inexpensive. Lagoons are generally inexpensive to 
build, simple to operate and, when properly designed and maintained, produce a 
treated effluent that can be discharged to the environment with minimal impact.  
 
Community growth and increasingly stringent environmental regulations can 
necessitate expansion or replacement of lagoon-based systems with more costly 
mechanical treatment plants unless improved performance or increased capacity 
can be realized through optimization approaches. 
 
This best practice provides owners and operators of lagoon-based WWTPs with 
information to optimize the performance and capacity of their facilities. Through 
optimization of lagoon operations, the owner can potentially: 
 
! realize additional capacity; 
! meet more stringent discharge requirements through improved effluent 

quality; 
! reduce energy use and cost; 
! reduce chemical use and cost; and 
! reduce odour emissions. 
 
Lagoon-based WWTPs can be designed in a variety of configurations but all 
depend largely on natural physical and biological processes to achieve treatment. 
Improvements in the performance of lagoons can be achieved through: 
 
! operational and minor design changes that may improve the flow patterns 

and mixing in the lagoon; 
! modifying the flow scheme in multi-cell lagoon systems; 
! adding mechanical aeration equipment to augment the natural oxygenation of 

the lagoon; 
! adding chemicals to the lagoon to enhance settling and remove phosphorus; 

and 
! adding pre- or post-treatment processes to reduce lagoon loading or improve 

the effluent quality. 
 
A significant challenge facing owners and operators of lagoon-based systems in 
Canada will be achieving consistent year-round ammonia removal to ensure 
effluents are non-toxic. Demonstrated, cost-effective ways to enhance ammonia 
removal in winter months are needed. 
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1. GENERAL 
 
1.1 INTRODUCTION 
Treatment of sewage in lagoon-based systems is one of the earliest forms of 
wastewater treatment and is still used extensively to service small communities in 
Canada. In 1985, it was estimated that there were 868 lagoon-based wastewater 
treatment systems in Canada, representing almost half of the total number of 
treatment plants (Smith and Finch, 1985). In some areas of Canada where land is 
available and inexpensive, lagoons are the predominant type of wastewater 
treatment plant (WWTP). 
 
Lagoons are generally inexpensive to build, simple to operate and, when properly 
designed, operated, and maintained, can produce a treated effluent that can be 
discharged to the environment without adverse effect. However, as communities 
grow and environmental regulations become more stringent, there is often a need 
to increase capacity or improve performance. This best practice provides 
guidance on how to operate these systems effectively, prevent problems, and 
generally improve performance. 
 
1.2 PURPOSE AND SCOPE  
This best practice has been developed by the National Guide to Sustainable 
Municipal Infrastructure: Innovation and Best Practices (InfraGuide). It is one 
of more than 50 aspects identified by the Storm and Wastewater Technical 
Committee relating to linear infrastructure, wastewater treatment, customer 
interaction, and receiving water issues. The more general topic of wastewater 
treatment plant optimization is covered in another InfraGuide best practice 
entitled Wastewater Treatment Plant Optimization. 
 
This best practice applies to the operation of lagoon-based wastewater treatment 
plants of various designs and configurations. It is intended to help optimize the 
capacity or performance of these facilities by providing basic information on the 
treatment processes that occur in a lagoon, describing different types of lagoons, 
and summarizing typical design guidelines and performance expectations. It also 
gives suggestions for enhancing the performance or capacity of an existing 
lagoon. It is intended as a supplement to more comprehensive design and 
operating manuals for lagoons, some of which are referenced in this best practice. 
 
1.3 HOW TO USE THIS DOCUMENT 
Section 3.1 of this best practice provides an overview of the processes that occur 
in a lagoon (settling, biochemical oxidation, etc.). A general description of 
different lagoon configurations along with some advantages and disadvantages of 
different types of lagoons and the performance that should be expected from a 
lagoon-based system is provided in Section 3.2. Typical design ranges for various 
types of lagoons are also summarized, along with information on the optimum 
physical configuration of lagoons. The type of monitoring and maintenance that 
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should be applied to lagoons is discussed in Section 3.3. Section 3.4 deals 
specifically with desludging practices.  
 
Suggested approaches to optimize lagoon operations to improve performance or 
reduce cost are presented in sections 3.5 and 3.6, respectively.  
 
1.4 GLOSSARY 
Aerobic degradation — The breakdown of organic matter by bacteria in the 
presence of dissolved molecular oxygen. 
 
Algae — Primitive one or many celled plants, usually aquatic, that produce their 
food by photosynthesis. 
 
Anaerobic degradation — The breakdown of complex organic matter by 
bacteria in the absence of dissolved molecular oxygen. 
 
Anoxic — A condition where free molecular oxygen is absent. Commonly, an 
anoxic condition is differentiated from an anaerobic condition by the presence of 
bound oxygen, normally in the form of nitrate. 
 
Biochemical oxygen demand (BOD) — For the purpose of this Best Practice, 
BOD will mean carbonaceous BOD (CBOD). This is the quantity of oxygen 
consumed, usually expressed in mg/L, during biochemical oxidation of organic 
matter over a specified time period (e.g., five day BOD or BOD5) at a 
temperature of 20oC. 
 
Composite sample — A sample comprising multiple grab samples over a 
specified time period (e.g., 24 hours) that represents average conditions at the 
sampling location over the period that the grab samples were collected. 
 
Dissolved oxygen (DO) — The concentration of oxygen dissolved in water 
usually expressed in mg/L. Dissolved oxygen is important for aerobic (“with air”) 
biological treatment. An adequate DO concentration is important for the aquatic 
life in the receiving stream. 
 
Facultative bacteria — Those bacteria that can adapt to aerobic or anaerobic 
conditions and, as a result, can perform either aerobic or anaerobic degradation. 
 
Grab sample — A single sample representative of conditions at the sampling 
location at a fixed point in time. 
 
Hydraulic retention time (HRT) — A measure of the length of time a volume 
of liquid is retained in a tank or vessel, calculated by dividing the tank or vessel 
volume (L) by the liquid flow rate (L/d); HRT is presented in either days or 
hours. 
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Lagoon – (Also known as waste stabilization pond) An in-ground earthen basin 
used for the treatment of wastewater by natural process involving the use of algae 
and bacteria. They can be classified as aerobic, aerated, facultative and anaerobic. 
Natural aeration process is enhanced by mechanical devices in aerated lagoons. 
 
Photosynthesis — A process in which chlorophyll-containing plants produce 
complex organic (living) materials from carbon dioxide, water, and inorganic 
salts with sunlight as the source of energy. Oxygen is produced in this process as 
a waste product. 
 
Short-circuiting — Non-ideal mixing conditions in a tank or basin that results in 
the actual retention time of the liquid being less than the theoretical retention 
time calculated by dividing the tank or basin volume by the flow rate into the 
tank or basin. 
 
Total Kjeldahl nitrogen (TKN) — The sum of the organic, ammonia and 
ammonium nitrogen in a water sample usually expressed in mg/L. 
 
Total phosphorus (TP) — Total amount of phosphorus present in the 
wastewater (or water) either in soluble or particulate form, in organic and 
inorganic (orthophosphates, metaphosphates, or polyphosphates) compounds, 
expressed in mg/L. 
 
Total suspended solids (TSS) — Solids present in a water sample that are 
retained on the filter paper after filtering the sample, usually expressed in mg/L.  
 
Volatile suspended solids (VSS) — The amount of total suspended solids 
burned off at 550 + 50oC expressed normally as mg/L.  

 

 

 

 

Note: For more definitions on related terms, please refer to “Standards Methods for the 
Examination of Water and Wastewater” by WEF, AWWA and APHA, 20th edition, 
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2. RATIONALE 
 

2.1 BACKGROUND 
Lagoon-based wastewater treatment plants are one of the oldest forms of 
wastewater treatment and are in common use in Canada today. Smith and Finch 
(1985) estimated that lagoon treatment systems represent about half of the total 
wastewater treatment plants in Canada, distributed as shown in Table 2–1. 
 

Table 2–1: Lagoon Use In Canada 

Location Number of Lagoons As a Percent of Treatment 
Facilities 

Alberta 278 84 

British Columbia 34 31 

Manitoba 127 85 

New Brunswick 58 63 

Newfoundland 1 2 

Northwest Territories 15 71 

Nova Scotia 14 16 

Ontario 128 33 

Prince Edward Island 17 9 

Quebec 59 21 

Saskatchewan 129 92 

Yukon Territory 8 70 

Canada 868 48 

 

Although it appears that half of all treatment plants are lagoons, they represent a 
smaller portion in terms of volumes treated. For example, according to “Report 
on the 1991 Discharges from Municipal Sewage Treatment Plants in Ontario”, 
Ontario Ministry of the Environment, September 1993, the proportion of sewage 
flow (ADF) treated by different treatment types (1991) in Ontario are as follows: 
primary 18.0%, secondary 72%, tertiary 4.3% and lagoon 5.7% 

A voluntary survey in 1999 (Environment Canada, 1999) identified 504 waste 
stabilization ponds in Canadian municipalities with populations higher than 
1,000. The lower number in the Environment Canada database may reflect the 
exclusion of many small systems and conversion of some systems to mechanical 
plants in the intervening years although, since 1985, a number of lagoons have 
been constructed in several Canadian provinces to serve small communities  
 
Lagoon systems are simple and inexpensive to operate and maintain. Several 
treatment processes occur simultaneously in a lagoon including sedimentation, 
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bioflocculation, chemical precipitation, biochemical oxidation, fermentation, and 
disinfection. Lagoons are often considered to be passive treatment processes over 
which the operator has limited control; however, the operator can take measures 
to improve performance, reduce cost, and generally optimize operation.  
 
2.2 EXPECTED BENEFITS  
Improvements in lagoon operations could potentially: 
§ realize additional capacity in the plant; 
§ improve effluent quality to reduce the impact on the natural environment and 

meet more stringent permit requirements; 
§ reduce energy use and costs;  
§ reduce chemical use and costs; and 
§ reduce odour emissions. 
 
2.3 RISKS 
A lagoon-based wastewater treatment plant can produce a good quality effluent 
that will have minimal impact on the environment if properly designed, operated, 
and maintained. This performance can be realized at relatively low cost compared 
to conventional mechanical treatment systems that have significantly higher 
energy, maintenance, and operational requirements. Conversely, a poorly 
operated lagoon can create objectionable odours and result in the discharge of 
poorly treated effluent that can adversely affect the aquatic life in the receiving 
stream.  
 
As a community served by a lagoon-based wastewater treatment system grows or 
regulatory agencies impose more stringent effluent requirements, it may be 
necessary to consider upgrading the lagoon to a mechanical treatment plant if 
improved performance or increased capacity cannot be achieved through 
optimization approaches or expansion. This will result in significant capital 
investment and higher operation and maintenance costs for the community. 
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3. WORK DESCRIPTION 
 
3.1 PROCESSES OCCURRING IN A WASTEWATER LAGOON 
Wastewater treatment in a lagoon results from a complex combination of 
physical, chemical, and biological processes that are influenced by weather 
conditions, lagoon type and configuration, and system design. Figure 3–1 
provides a simplified diagram of the major processes that occur in a lagoon.  
 
Figure 3–1: Treatment Processes Occurring in a Lagoon  

Source: Adapted from EPA (1977). 
 
When wastewater enters a lagoon, heavier solids settle to the bottom and form a 
sludge layer. In lagoons in which chemicals, such as alum, are added to 
precipitate phosphorus, the precipitated phosphorus and aluminum hydroxide 
floc will also accumulate in the sludge layer. The sludge layer is anaerobic and 
contains bacteria that ferment the organic matter in the settled solids, solubilizing 
the organics to organic acids and producing methane. These anaerobic bacteria 
also produce hydrogen sulphide from the reduction of sulphate. This is the most 
common source of odours in lagoons (Heinke et al., 1988). Anaerobic activity in 
the sludge layer is very sensitive to temperature, almost ceasing at cold 
temperatures in the winter months. Under these conditions, there is very little 
decomposition of the organic matter. When temperatures increase in the spring, 
anaerobic activity also increases, releasing soluble organic matter and, 
potentially, hydrogen sulphide into the water column above the sludge layer. 
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The water column above the sludge layer generally contains oxygen due to wind 
motion on the water surface and the photosynthetic activity of algae present in the 
lagoon. Aerobic bacteria in the lagoon use the oxygen present in the aerobic layer 
to oxidize the organic matter present in the wastewater or released by the 
anaerobic bacteria from the sludge layer. Some literature (EPA, 2002) refers to 
an intermediate anoxic layer between the aerobic and anaerobic zones, called the 
facultative zone, where facultative bacteria consume the organic matter in the 
absence of molecular oxygen. The bacteria and algae that grow as a result of the 
degradation of organic matter and photosynthetic activity flocculate naturally or 
in conjunction with any chemicals added to achieve phosphorus removal and 
settle into the sludge layer where they are an additional source of food for the 
anaerobic bacteria. In winter months, if the surface of the lagoon is ice covered, 
there is no oxygen transferred into the lagoon from wind motion and 
photosynthetic activity is significantly reduced. Hence, aerobic biological activity 
in the lagoon in the winter is minimal. 
 
Lagoon-based treatment systems also achieve natural disinfection. E. Coli 
destruction efficiencies of 99.99 percent have been reported in lagoons (Feachem 
et al., 1983). Disinfection is achieved through a combination of natural ultraviolet 
irradiation, temperature, adsorption to solids, settling, and predatory organisms.  
 
3.2 LAGOON TYPES, DESIGN, AND PERFORMANCE 
Lagoons can be classified in terms of the predominant biological environment 
that exists.  
 
3.2.1 FACULTATIVE LAGOONS  
This is the most common type of lagoon (EPA, 1983), and is usually 1.2 m to 1.5 
m deep with an aerobic water layer overlying an anaerobic layer, which contains 
the settled sludge. 
  
3.2.2 AERATED LAGOONS  
These lagoons have a mechanical method of aeration, such as surface aerators or 
diffusers with blowers, to augment the oxygen supplied from natural means, such 
as surface re-aeration or photosynthesis. Aerated lagoons are typically 2 m to 6 m 
deep and are generally followed by a facultative lagoon in which the suspended 
particulate matter that does not settle in the mixed or partially mixed aerated 
lagoon will settle and anaerobically degrade.  
 
3.2.3 AEROBIC LAGOONS 
These lagoons are typically very shallow, between 0.30 m. and 0.45 m. The 
shallowness allows sunlight to penetrate the entire depth, and dissolved oxygen is 
present throughout the water column. Aerobic lagoons are typically limited to 
sunny, warm climates where there is no risk of ice cover.  
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3.2.4 ANAEROBIC LAGOONS  
These lagoons are most commonly used for treatment of industrial wastewater or 
mixed domestic and industrial wastewater with a high BOD5 concentration (EPA, 
1983). Anaerobic lagoons are normally 2.5 m to 5 m deep. Due to the depth and 
high organic load, there is no aerobic layer, and all biological activity is 
anaerobic. A thick scum layer normally forms on an anaerobic lagoon, which 
helps reduce odour emissions. These lagoons are normally used for pre-treatment 
and are followed by a facultative or aerobic lagoon to remove the soluble BOD5 
produced by the anaerobic activity. Anaerobic lagoons are not commonly used 
for treatment in domestic wastewater treatment. However, in Alberta, anaerobic 
cells with two day retention times are used for pre-treatment prior to discharging 
to facultative lagoons (Alberta Environmental Protection, 1997). 
 
Table 3–1 (EPA, 1983) summarizes some of the key design parameters for the 
four types of lagoons described above. Lagoons can also be classified according 
to the discharge mode. 
 

Table 3–1: Typical Design Parameters for Lagoons  

Pond Type Application 
Typical 
Loading 

Parameters 

Typical 
Detention 

Times 

Typical 
Dimensions Comments 

Facultativ
e 

Raw municipal 
wastewater 

Effluent from 
primary treatment, 
trickling filters, 
aerated ponds, or 
anaerobic ponds 

BOD5 of 
22-67 kg/ 

(ha.d)  

25-180 d 1.2-2.5m. 
deep  

4-60 ha. 

Most commonly used waste stabilization 
pond type  

May be aerobic through entire depth if 
lightly loaded 

Aerated Industrial wastes  

Overloaded 
facultative ponds 

Situations where 
limited land area 
is available 

BOD5  of  
8-320 kg/ 
1000 m3.d 

7-20 d 2-6m. deep Use may range from a supplement of 
photosynthesis to an extended aeration 
activated sludge process  

Requires less land area than facultative 

Aerobic Generally used to 
treat effluent from 
other processes, 
produces effluent 
low in soluble 
BOD5 and high in 
algae solids 

BOD5  of  
85-170 kg/ 

(ha.d) 

10-40 d 0.30-0.45m. Application limited because of effluent 
quality  

Maximizes algae production and (if algae is 
harvested) nutrient removal  

High loadings reduce land requirements 

Anaerobic Industrial wastes BOD5 

160-800 kg/ 
1000 m3.d  

20-50 d 2.5-5 m. 
deep 

Odour production usually a problem 

Subsequent treatment normally required 
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3.2.5 COMPLETE RETENTION LAGOONS  
These lagoons are designed to depend on evaporation or exfiltration, and there is 
no net discharge of treated wastewater to the surface water environment. Dry 
climatic conditions or favourable geologic conditions are required for the 
operation of complete retention lagoons. 
 
3.2.6 CONTROLLED DISCHARGE LAGOONS 
These lagoons treat and store wastewater until the effect of the discharge on the 
receiving stream is minimal and they are often referred to as Storage Cells. 
Generally, the discharge of the lagoon will occur when flows are higher in the 
receiving stream (spring or fall) or when the temperature of the receiving stream 
is low and biological activity in the stream is minimal (winter). Controlled 
discharge lagoons may have one period of discharge per year (annual discharge) 
or several periods (seasonal discharge). Adequate storage volume must be 
provided to prevent discharge of treated wastewater outside of the allowable 
periods. 
 
3.2.7 CONTINUOUS DISCHARGE LAGOONS 
These lagoons operate like conventional treatment plants in that the volume of 
flow that enters the lagoon is discharged to the receiving stream. There is no 
provision to store flow in the lagoon or regulate the discharge volumes. 
 
A wide range of combinations of lagoon types and configurations are possible 
depending on the site-specific conditions. Figure 3–2 illustrates a lagoon 
configuration that includes aerated ponds and a facultative pond, with a storage 
pond to allow controlled discharge. The multiple cells can be combined in a 
“parallel” operation in which the flow is divided equally among the lagoons or in 
a “series” operation, in which the discharge from one lagoon is directed into the 
next downstream lagoon. In the illustration in Figure 3–2, the aerated lagoons are 
operated in parallel and the aerated cells, facultative cell and storage cell operate 
in series. 
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Figure 3–2: Hypothetical Lagoon Configuration 

 
The optimum lagoon configuration depends largely on the discharge 
requirements that must be met. This determines the required level of treatment 
and the amount of storage needed to minimize the impact on the receiving 
stream. In some cases, retrofitting existing lagoon-based systems can increase 
capacity and produce a better quality effluent. Table 3–2 presents the typical 
quality of effluent that can be achieved with different types of lagoons. A detailed 
assessment of lagoon system performance in Alberta conducted by Smith and 
Finch (1985) indicated that these performance expectations can be easily met by 
a properly designed and well operated lagoon system. 

Aerated Cell

Aerated Cell

Facultative 
Cell

Storage Cell
Seasonal 
Discharge

Parallel

Aerated Cell

Aerated Cell

Facultative 
Cell

Storage Cell
Seasonal 
Discharge

Parallel

Note: In some provinces, such as Alberta, an anaerobic cell will precede 
the facultative cell rather than an aerobic cell. 
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Table 3–2: Typical Effluent Quality from Lagoon Systems 

Process Effluent Parameters (mg/L) 
  BOD5 SS Total Phosphorus (as P) 
Continuous Discharge Facultative Lagoon 
· Without P removal 

· With P removal 

25 
25 

30 
30 

6 
6 

Controlled Discharge Facultative Lagoon 
· Without P removal 

· With P removal by batch 

chemical dosage 

· With P removal by continuous 

chemical dosage 

25 
15 

 
25 

30 
20 

 
30 

- 
0.5 to 1.0 

 
1.0 

Aerated lagoon Prior to Facultative Cell 
· Without P removal with  

4-5 days retention time 

60 100 - 

Source: Adapted from MOE (1994). 
 
3.3 MONITORING LAGOONS 
Two types of monitoring of lagoon-based systems are recommended: 
! process control monitoring provides information to the operating staff on the 

condition and performance of the system and allows for early warning of 
possible upsets or operational problems; and, 

 
! compliance monitoring is required under the operating permit or certificate of 

approval and reported to the regulatory agency. 
 
Different levels of accuracy are needed for these two types of monitoring. 
Process control testing is intended to be used by the operating staff to make 
operational decisions. These tests can be done in-house using more rapid, easier 
test methods that do not necessarily comply with standard methods (APHA, 
1998), but which provide dependable results to the operators. Compliance tests 
should always be done by a certified laboratory using standard methods or 
equivalent. Less rigorous sampling methods, such as grab samples rather than 
composite samples, are often appropriate for process control measurements than 
are needed for compliance monitoring. The results of process control tests not 
conducted by a certified laboratory using standard methods, should not be 
reported for compliance purposes to the regulatory authorities. 
 
Table 3–3 presents a recommended sampling program for lagoon-based systems. 
For compliance monitoring, the operating permit or certificate of approval should 
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be consulted to ensure that the monitoring program meets the requirements. 
Seasonal variations in loads should also be considered in the design of the 
monitoring program. Regular site inspections should be conducted and the 
findings included in the facility operating logs and records. 
 
3.3.1 SAMPLING LOCATIONS, TYPES, AND FREQUENCIES 
Sampling locations for compliance testing are normally specified in the operating 
permit or certificate of approval and usually include only the raw sewage influent 
to the lagoon and the effluent discharged from the lagoon. These sampling and 
flow monitoring stations should be included as part of the design process. 
Intermediary samples collected within the lagoon cells or between the cells of 
multi-cell lagoon systems are not normally required by the permit. The type of 
sample to be collected (grab sample or composite sample) and the frequency of 
sampling may also be specified. If not specified, 24-hour composite samples of 
raw sewage and final effluent should be collected using automatic, refrigerated 
samplers. Because of the long retention times provided by lagoons, collection of 
flow-proportional composite samples is not strictly necessary unless specified in 
the operating permit or certificate of approval.  
 
The samples should be collected at a location that is representative of the 
sampled stream. Raw sewage samples can be collected at the overflow from an 
inlet box, in an inlet channel, or from the raw sewage pump station discharge in a 
turbulent, well-mixed area. Sampling from wet wells and within inlet or diversion 
boxes should be avoided unless the area is well mixed because solids can settle in 
these non-turbulent areas, affecting the result. Similarly, effluent samples should 
be collected from the overflow of the outlet control structure or at a well-mixed, 
turbulent location in the effluent channel. The frequency of effluent sampling 
will depend on the discharge mode. 
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Table 3–3: Lagoon Sampling Locations and Analyses 

Sampling Location Analysis Use (1) Frequency Type 
Raw influent BOD5 

TSS 
TKN 
TP 
pH 
Temperature 

C 
C 
C 
C 
PC 
PC 

1/week 
1/week 
1/week 
1/week 
Daily 
1/week 

24 h composite 
24 h composite 
24 h composite 
24 h composite 
Grab 
Grab 

Lagoon cell DO 
TSS 
VSS 
pH 
Temperature 

PC 
PC 
PC 
PC 
PC 

1/week 
1/week 
1/week 
1/week 
1/week 

Grab 
Grab 
Grab 
Grab 
Grab 

Lagoon effluent (if different from 
final effluent) 

BOD5 
TSS 
NH3-N 
TP 
pH 
Temperature 

PC 
PC 
PC 
PC 
PC 
PC 

1/week 
3/week 
1/week 
1/week 
1/week 
1/week 

Grab 
Grab 
Grab 
Grab 
Grab 
Grab 

Final effluent (during discharge 
period) 

BOD5 
TSS 
NH3-N 
TP 
Ortho-P 
pH 
NO2-/NO3- - N  
FC/EC 
Temperature 

PC, C 
PC, C 
PC, C 
PC, C 
PC 
PC, C 
C 
PC, C 
PC 

1/week 
1/week 
1/week 
1/week 
3/week 
3/week 
1/week 
1/week 
1/week 

24 h composite 
24 h composite 
24 h composite 
24 h composite 
24 h composite 
Grab 
24 h composite 
Grab 
Grab 

Notes: 
1. C – Compliance   

PC – Process Control 
2. TSS – Total suspended solids 
 TKN – Total Kjeldahl nitrogen 
 TP – Total phosphorus 
 DO – Dissolved oxygen 
 VSS – Volatile suspended solids 
 NH3-N – Total ammonia nitrogen 
 Ortho-P – Orthophosphate as phosphorus 
 NO2-/NO3- - N– Nitrite/nitrate nitrogen 
 FC/EC – Fecal coliform/E.coli 
3.  These represent the minimum recommended sampling frequency. Monitoring at  

a particular lagoon will depend on the requirements in the operating permit or certificate of 
approval and must consider the size and configuration of the plant and the resources, and 
staffing available. 



Optimization of Lagoon Operations Work Description 

August 2004 15 

For process control purposes, additional samples from within the lagoons and 
from the discharges of the individual cells should also be collected on a routine 
basis to assess the condition of the ponds. In well-mixed lagoon cells, samples 
from within the cells should be collected in four to six locations around the cell 
depending on the size of the cell and composited into one sample for analysis. In 
cells that are not well mixed, it can be useful to collect samples individually 
along the length of the cell between the inlet and outlet to determine the change 
in water quality as the wastewater passes through the cell. This information can 
be helpful in assessing the amount of mixing occurring and the possible benefits 
of adding mixing into the cell. Depending on cell depth, the sample should be 
collected from 0.3 to 0.6 metres below the water surface, above the sludge layer, 
and at sufficient distance from the side of the lagoon to avoid the effects of the 
berm. This distance will depend on the water depth and the berm slope. At the 
same time, dissolved oxygen, temperature, and pH should be measured at each 
location using portable equipment. These lagoon samples should not be collected 
during or immediately after periods of high winds. Because sunlight will have an 
impact on dissolved oxygen (DO) concentrations in facultative cells, it is 
recommended that DO be measured twice during the day (early morning and late 
afternoon) or that the time of the measurement be alternated between sampling 
events. Observations of the colour of the lagoon should also be made and 
recorded since this can provide the operator with an indication of the condition of 
the lagoon, as summarized in Table 3–4.  
 
Table 3–4: Colour Characteristics in Lagoons  
Colour Interpretation 
Dark sparkling green Good conditions. Generally occurs with high pH 

and DO. 
Dull green to yellow Not so good; pH and DO generally dropping. 

Blue-green algae beginning to predominate. 
Tan to brown May relate to brown algae, which is OK. If related 

to silt or bank erosion, can indicate physical 
problems in lagoon or collection system. 

Gray to black Very bad. Pond is septic, virtually zero DO. 

Source: Adapted from EPA (1977). 
 
Samples of the discharge of individual cells within a lagoon system should also 
be collected at representative locations; however, grab samples can be used in 
these locations instead of composite samples. 
 
3.3.2 FLOW MEASUREMENT  
Measurement of flows into the lagoon is essential to determine hydraulic and 
organic loadings and to compare the loads with system design. Influent flows are 
also needed to determine and adjust dosage rates of chemicals used for 
continuous phosphorus removal. Measurement of flows out of the lagoon is 
essential to ensure compliance with the discharge requirements specified in the 
operating permit or certificate of approval. It is best practice to measure flows in 
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to and out of lagoons. In continuous discharge lagoons, comparison of influent 
and effluent flows can be used to assess flow metering accuracy.  
 
A number of methods can be used to measure or estimate flows, including: 
! run time meters and pump capacities on raw sewage pump stations; 
! magnetic flow meters on pump station discharges; 
! velocity/area meters in channels; 
! various open channel flow meters such as weirs or flumes; and 
! changes in water level in lagoons during periods of discharge or fill. 
 
A variety of references are available such as Grant and Dawson (1995) on flow 
meter installation and calibration. Flow meters should be electronically calibrated 
(secondary flow element) annually and physically calibrated (primary element) at 
least once, or more often if physical changes are made to a meter that might affect 
its accuracy. 
 
3.4 DESLUDGING LAGOONS 
Facultative and aerobic lagoons are intended to accumulate sludge, because part 
of the treatment process involves the biological decay of the settled material, 
either anaerobically in facultative systems or aerobically in aerobic systems. The 
rate of sludge accumulation will depend on the design of the lagoon, the strength 
of the wastewater, and the climatic conditions. In colder climates, sludge will 
accumulate more rapidly, because the rate of degradation of the settled organic 
matter is significantly reduced. Facultative lagoons generally accumulate solids 
more quickly than aerobic lagoons as they depend on anaerobic degradation for 
breakdown of the settled matter, which occurs slower than aerobic degradation, 
the predominant biological process in aerobic lagoons. Because facultative 
lagoons are generally deeper than aerobic lagoons, there is more volume available 
for sludge storage. The location and invert level of the discharge piping should be 
verified however, to ensure that settled sludge is not being inadvertently 
discharged with the lagoon effluent. 
 
Generally, desludging of a lagoon is required infrequently. Heinke and Smith 
(1988) suggested that 5 to 10 years may be the typical frequency for desludging 
short detention-time lagoon cells, while long detention-time lagoons with 
seasonal or annual discharges may not need to be desludged for even longer 
periods. Early in 2003, InfraGuide conducted a scan of current wastewater 
treatment plant optimization practices and trends in Canada. Of 25 respondents 
who operated lagoons, 32 percent reported they had never desludged their 
lagoon, and 40 percent reported they desludged every 10 to 20 years. A 
desludging frequency of every five years or less was reported by 20 percent of 
respondents operating lagoon-based systems.  
 
The amount of sludge accumulated in the lagoon should be measured every year 
or so to determine the volume and to plan effectively for the desludging 
operation. Sophisticated equipment, such as depth samplers, ultrasonic or optical 



Optimization of Lagoon Operations Work Description 

August 2004 17 

sludge blanket detectors, or transits, can be used to determine the amount of 
sludge accumulated in a lagoon. A Sludge Judge, which is a clear plastic tube 
commonly used to measure sludge blanket levels in a clarifier, is also an effective 
and economical tool for estimating the amount of settled sludge in a lagoon. The 
“white towel” method described by Malan (1964) is also simple and effective. A 
white towelling material is wrapped around the bottom third of a long pole, 
which is slowly lowered vertically into the lagoon until it reaches the bottom. It is 
then slowly withdrawn. The depth of the sludge layer is visible at the point where 
the white towel is discoloured by the sludge particles that have been entrapped. 
Sludge depth should be measured at five or six points in the lagoon remote from 
the base of the berm. 
 
There are two common methods for sludge removal from a lagoon: 
! pumping after mixing the sludge with the remaining liquid lagoon contents 

following discharge of the bulk of the lagoon; and 
! draining the lagoon and removing the settled sludge using a front-end loader 

or similar equipment. 
 
Sludge that has accumulated for many years in a lagoon may be too concentrated 
to pump directly. In these cases, it may be necessary to mix the sludge with the 
lagoon water after discharging the bulk of the lagoon contents. Commercially 
available raft-mounted dredges equipped with pumps can be effectively used to 
desludge lagoons.  
 
In single cell lagoons, removal of sludge will have to be carefully performed 
using methods like the employment of specialized equipment that floats on the 
surface, sucks up the sludge and directs it to equipment on the shoreline so that 
lagoon operation can be maintained. If the lagoon system includes several cells, 
the individual cells can be taken out of service and drained in the fall. Leaving 
the sludge in the cell over the winter will allow it to freeze and concentrate for 
easier handling in the spring. Care must be exercised to ensure the lagoon bottom 
and the berms are not damaged during this operation. Liquid sludge from the 
lagoon can be dewatered using portable dewatering equipment to reduce the costs 
of transporting dilute sludges. 
 
Sludge that has accumulated at the bottom of a lagoon for several years generally 
has microbiological quality similar to, or better than, stabilized sludge from a 
mechanical treatment works. In most jurisdictions, this material can be land 
applied or disposed of in the same fashion as other stabilized biosolids. For 
example, in Ontario, solids removed from a lagoon system can be land applied if 
the lagoon cell has not received raw sewage for three months or longer and the 
lagoon has been designed and operated according to MOE guidelines (OMAF, 
2003). In Quebec, solids removed from lagoons are commonly dewatered 
(Morin, 2003). Information obtained from the 2003 InfraGuide scan indicated 
that half of the respondents who had desludged their lagoons applied the material 
to agricultural lands, one third discharged it into sludge holding ponds, and the 
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remainder put the material in landfills. Local regulations should be consulted 
before disposing of this material.  
 
Owners of lagoon-based systems should ensure that the costs of desludging the 
lagoon and managing the resultant solids are included in their operating budgets. 
Sewer rates for these systems should reflect these occasional costs. 
 
3.5 OPTIMIZING FOR IMPROVED EFFLUENT QUALITY 
While lagoon-based WWTPs have been shown to be very effective for removal 
of the BOD5 and suspended solids present in the raw sewage, they are less 
effective for removal of nutrients such as nitrogen and phosphorus, and can 
release high concentrations of particulate matter in the form of algae in the late 
summer and fall. Because of the simplicity of operation of lagoons, there is 
limited opportunity for the operator to modify the operation to improve 
performance; however, some optimization techniques have proven to be effective 
in improving the operation of lagoon-based systems. 
 
3.5.1 OPERATIONAL AND MINOR DESIGN CHANGES 
Short circuiting in lagoons due to the poor configuration of inlets and outlets is 
the most common cause of poor performance. Improvements in the flow 
distribution within the lagoon can improve performance significantly in these 
cases. This can be achieved through: 
 
! installing baffles around the lagoon inlet and/or outlet; 
! relocating the inlet and/or outlet to minimize short circuiting and dead space; 
! adding recirculation from the outlet of the lagoon to the inlet to improve 

mixing; 
! adding additional inlets and/or outlets; 
! changing from series to parallel operation; 
! cleaning out weeds or accumulated solids if they affect the flow patterns; and 
! locating or relocating mixers or aerators in a cell to promote improved flow 

distribution. 
! discharging from a water depth below the algae bloom to reduce the 

concentration of solids in the effluent (care must be shown not to discharge 
sludge) 

 
A simple tracer test using a visible dye or a fluorescent dye such as Rhodamine 
WT can be used to evaluate the degree of short circuiting in a lagoon cell. Low-
cost textile or plastic baffles can be effective in lagoons to improve flow 
distribution. Solar-powered and wind-driven mixers and aeration systems are 
available to reduce operation and maintenance costs. These are particularly cost 
effective at remote sites where suitable power may not be readily available. 
 
3.5.2 MODIFYING THE FLOW SCHEME 
Studies have shown that lagoon effluent quality is poorest in the winter months, 
particularly if the pond is ice covered, and during spring and fall overturn periods 
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(EPA, 1983). Discharging during the summer or early fall, and particularly 
during periods that coincide with low algae levels in the pond, will produce the 
highest quality effluent in terms of BOD5, TSS, and ammonia. In many cases, the 
allowable periods of discharge are specified in the operating permit or certificate 
of approval and may coincide with high flow seasons in the receiving stream 
(spring and fall). In such cases, there may be limited capability to change the 
discharge period, although implementing a discharge scheme that is proportional 
to the flow in the receiving stream can often extend the discharge period without 
adversely affecting receiving water quality. 
 
Operation of ponds in series will produce a better quality effluent than operation 
in parallel, but care must be taken not to overload the first cell of a series 
operation organically. If operation in series is not possible due to the 
configuration of the lagoon system, adding baffles to an existing pond to promote 
plug flow through the pond can also be effective (Prince et al., 1994 ).  
 
3.5.3 ADDITION OF AERATION 
The capacity of a facultative lagoon can be increased and its performance 
improved by adding mechanical aeration to the influent area of the cell or by 
building an aerated cell upstream to pretreat the raw sewage. Mechanical aerators 
significantly increase the oxygen transfer into the liquid compared to natural re-
aeration and photosynthesis. Furthermore, mechanical aerators prevent surface 
icing in cold climates, allowing aerobic conditions to be maintained year round. 
As noted previously, solar-powered and wind-driven aeration equipment is 
available for use in lagoon systems. 
 
Aerated lagoons can be operated at BOD5 loading rates, an order of magnitude 
higher than facultative lagoons (MOE, 1984). A properly designed aerated cell 
will remove the bulk of the dissolved BOD5 upstream of the facultative cell, 
increasing the capacity of the system and allowing for improved ammonia 
removal in summer months. 
 
3.5.4 ADDITION OF CHEMICALS 
Research work in Ontario in the 1970s and almost 30 years of full-scale operation 
has shown that the addition of metal salts, particularly alum, is effective in 
removing phosphorus from the lagoon effluent and can be used to settle 
suspended algae before the discharge of seasonal discharge lagoons (Pollutech, 
1975). The addition of chemicals to the lagoon for phosphorus removal will 
increase the amount of sludge that is accumulated in the lagoon and increase the 
frequency of desludging. For intermittent discharge lagoons, treatment is 
normally done by batch immediately before the start of the discharge period. Jar 
testing can prove useful in selecting the optimum chemical and the required 
dosage. Chemical addition is usually done from a motorboat, although more 
sophisticated and costly recirculation pumping systems have been used. 
For continuous discharge lagoons, chemical addition into the raw sewage at a raw 
sewage pumping station if available or to the influent distribution box is the 
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common practice (Graham and Hunsinger, 1977). In this situation, accumulation 
of sludge at the point where the raw sewage enters the lagoon can be significant, 
and more frequent desludging may be necessary. In multi-cell systems, chemicals 
can be added at the inlet to the final cell. This approach reduces chemical use and 
sludge production. 
 
3.5.5 PRE-TREATMENT TO REDUCE LAGOON LOADINGS 
Installation of processes, such as fine screens or clarifiers upstream of lagoons, 
can reduce the loadings on the lagoon, increasing capacity and/or improving 
performance. Consideration must be given to the management of the solids 
removed by this equipment, particularly at remote sites that are largely 
unmanned. Screening of the raw sewage can also remove flotable material that 
can be a nuisance in lagoons and can be discharged with the effluent if the 
discharge structure is not properly designed. 
 
3.5.6 POST-TREATMENT TO IMPROVE EFFLUENT QUALITY 
Achieving substantial improvements in effluent quality from lagoon-based 
systems, particularly in terms of effluent ammonia, phosphorus, or TSS 
concentrations, sometimes requires the addition of post-treatment processes to 
polish the lagoon effluent.  
 
Polishing for removal of suspended solids related to algal blooms or to improve 
phosphorus removal to levels substantially below 1.0 mg/L can be achieved by 
using any of the conventional solid–liquid separation processes including 
microstrainers, conventional rapid sand or multi-media filtration, coagulation–
clarification, or dissolved air flotation (EPA, 1983). Natural wetlands have also 
been shown to be effective for BOD5 and suspended solids removal (Longmuir 
and Langcake, 2000), but less effective for phosphorus or ammonia removal in 
cold climates. 
 
Based on a review conducted on behalf of MOE (R.V. Anderson Associates and 
XCG, 1992), intermittent sand filtration represents the best available technology 
for upgrading lagoon effluents for ammonia removal to produce a non-toxic 
effluent. A number of these systems are operating in Ontario, but operation is 
generally limited to warmer months, requiring significant storage during the 
winter. Intermittent sand filters are typically operated from about August to 
November in southern Ontario to prevent freezing of the liquid on the filter 
surface. 
 
Enhanced disinfection beyond that accomplished by natural means can be 
provided by any of the conventional disinfection processes, although the presence 
of high concentrations of algae can reduce the efficiency of ultraviolet irradiation 
(Prince et al.,1994).  
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3.5.7 MINIMIZING ODOURS 
Odours in lagoon-based systems generally result from overloading, long periods 
of cloudy weather that reduce the oxygen supply from photosynthesis, ice 
covering, and short circuiting. Low-cost ways to improve the circulation patterns 
in lagoons were described in Section 3.5.1. If odours are caused by other factors, 
the following steps can be taken: 
! install mechanical aeration (surface aerators, diffused aeration systems) in the 

first cell to increase oxygen transfer; 
! if accumulated sludge is contributing to odours, desludge the lagoon; 
! if floating mats of sludge, algae or vegetation are apparent, remove the mats 

or break them up with a motorboat and allow them to sink into the sludge 
layer; 

! change to parallel operation to distribute the organic load over an additional 
lagoon volume; 

! recirculate lagoon effluent containing high concentrations of dissolved 
oxygen to the lagoon cell subject to overloading; 

! add chemicals, such as hydrogen peroxide or sodium nitrate , as a source of 
oxygen; 

! if the high loading is created by industrial discharges, implement a sewer use 
control program to minimize the loading (see InfraGuide best practice on 
“Wastewater Source Control”); and 

! install wind-driven or solar-powered aerators to increase oxygen supply and 
prevent extended periods of ice or snow cover. 

 
3.6 OPTIMIZING TO REDUCE COSTS 
Although lagoon-based systems represent the lowest capital and operating cost 
treatment processes, some opportunities exist to reduce costs associated with 
energy use or chemical use, including: 
 
! automatic on/off control of mechanical aeration equipment based on 

dissolved oxygen sensors to prevent unnecessary aeration during periods of 
high DO; 

! timer activation of mechanical aeration equipment based on diurnal loading 
and dissolved oxygen concentrations patterns in the lagoon; 

! jar testing to establish the optimum chemical dosage to achieve the required 
level of phosphorus removal (alum or similar chemicals) or disinfection 
(chlorine, where permitted); 

! proportioning chemical feed rates to flow to prevent overdosing during low 
or no flow periods; and 

! on-site analysis of process control parameters such as ortho-phosphorus, 
suspended solids, ammonia, and residual chlorine (if chlorine is permitted) to 
reduce contract laboratory costs. 

! monitor ortho-phosphorus concentrations near the point of chemical addition 
for phosphorus removal to determine and adjust the chemical dosage rate. 
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3.7 EMERGING TRENDS AND RESEARCH NEEDS 
The need to control the concentration of ammonia in municipal WWTP effluents 
to ensure the discharge is non-toxic will place an added burden on lagoon-based 
systems. Although up to 80 percent removal of ammonia can be achieved in 
lagoons in the summer months, this cannot be sustained in winter (EPA, 2002). 
Achieving a consistent high level of ammonia removal year round has often 
required post-treatment with intermittent sand filters or upgrading of the lagoon 
to a mechanical treatment plant. Installing media in biological treatment systems 
to increase the inventory of biomass and achieve cost-effective nitrification has 
been shown to be effective in activated sludge and similar mechanical WWTPs. 
This approach may also be applicable to lagoon-based systems, but needs to be 
demonstrated on a large scale in Canadian climatic conditions. 
Some operators have reported successful usage of enzymes to reduce odours and 
volume of sludge in lagoon systems. Further research and monitoring of full scale 
applications are necessary support the use of specific additives (e.g. enzymes) for 
particular operating conditions and wastewater characteristics.  
 
Use of chlorine as a disinfectant is not permitted in some provinces, and it is 
being discouraged across Canada by the new regulations. If disinfection is 
required at specific sites, other alternatives such as U.V. radiation have to be 
explored.  
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4. APPLICATIONS AND LIMITATIONS 
 
4.1 APPLICATIONS 
Lagoon-based treatment systems are very prevalent in Canada, particularly in 
smaller communities where land is readily available and relatively inexpensive. 
These systems are economical to build and operate. However, as the community 
grows and more stringent environmental regulations are applied to treated 
effluent discharges, many lagoon owners must consider upgrading and expanding 
their systems. Conversion to a full mechanical treatment plant can require a 
substantial capital expenditure and a significant increase in operation and 
maintenance costs over the lagoon system that it would replace. This best practice 
presents cost-effective approaches to improve the performance of lagoon-based 
systems and to reduce the costs of operation.  
 
4.2 LIMITATIONS 
This best practice focuses on lagoon-based WWTPs, but there is minimal 
discussion of anaerobic lagoons as these are not commonly used as a primary 
method for municipal wastewater treatment applications.  
 
Because lagoon systems generally are operated with limited staff due to the 
relatively low operational requirements, safety around lagoons is a particular 
concern. Sufficient numbers of trained staff must always be available with proper 
safety equipment whenever hazardous work is to be performed. In winter, when 
berms can be ice or snow covered, operators should not work alone even for 
simple tasks, such as sampling. This best practice is not intended to provide 
direction on health and safety during lagoon operation. Operating manuals and 
other training material should be referred to for more detailed information related 
to this issue.  
 
Berm integrity and leakage should be assessed on a regular basis by a qualified 
professional to avoid failure. This is not addressed in this Best Practice. 
 
This best practice is not intended to replace the operations manual that should be 
available at the WWTP. 
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5. EVALUATION 
 
A well-designed and operated lagoon can produce a treated effluent quality 
comparable to that produced by a mechanical secondary treatment plant, but at 
lower cost if land is available economically. A high-quality effluent that has 
minimal impact on the receiving water and a lagoon system that does not produce 
objectionable odours or otherwise impact on the environment are indications that 
best practice has been achieved.  
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Guidelines for the Planning, 
Design, Operation and Maintenance 
of Wastewater Lagoon Systems 
in the Northwest Territories 

Volume I - Planning and Design 

by G. W. Heinke. D.w. Smith and G. R. Finch 

2.2.1 sludge Zone 

The sludge zone contains the settled solids from the water 
column. This zone is anaerobic and contains a sensitive 
population of obligate anaerobic bacteria which ferment the 
settled organic solids. Two of the groups of organisms which are 
active in this zone are the non-methanogenic and the rnethanogenic 
bacteria. In a two-stage process the first group ferment complex 
organic compounds and produce a variety of fermentation products 
including organic acids, while the second group, the methane 
bacteria, utilize some of the organic acid substrates to produce 
new cells, methane, and carbon dioxide. There is very little 
l'nformation available regarding the ecology of anaerobic 
digestion in the sludge zone of lagoons. However, it is known 
that the popUlation mix is very sensitive to changes in 
environmental conditions, particularly temperature, and that 
activity is greatly reduced below looe. 

The reduction of sulfate to hydrogen sulfide is another 
process which occurs in the sludge zone and is thermodynamically 
favoured over methane production. This is the most common source 
of odour in a lagoon system. 

4.1.5 Design Life 

The selection of the period into the future over which a 
lagoon is expected to meet the wastewater treatment needs is an 
important parameter. Often an arbitrary time frame of 20 years 
is used. Such a per iod is only a guide for the design. The 
lagoon .... ould be expected to operate ..... ell past this period, if 
proper maintenance has been provided. In some cases the lack of 
information about future growth may result in the treatment 
capac! ty of the lagoon being exceeded far sooner than planned. 
This type of situation could also occur if the mass of waste 
material in the waste .... ater or the volume of waste .... ater were to 
change more than estimated during the planning period. 

The design life must account 
remove sludge from the lagoon. 
interval is expected bet ..... een sludge 

for the need to 
Generally, a 5 
removal efforts. 

periodically 
to 10 year 
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Gui?elines for the Planning, 
Design, Operation and Maintenance 
of Wastewater Lagoon Systems 
in the Northwest Territories 

Volume 1/ - Operations and Maintenance 

by G . W. Heinke and DW. Sm,·th VI , 
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MT.4 Odour Frobl .... weed and Insect Control 

Odour Proble.: 

under nOr1Dal operating conditiona, lagoons do not cause 
serious odour proble.s. However at certain timea, severe odours 
will occur. To minimize the nuisance, lagoons will have been 
constructed downwind from the community's prevailing wind 
pattern, and sufficiently far frcm housing area •. 

The most troublesome conditions are: 

1. overloaded short-detention lagoons; 
2. short-detention lagoons and storage lagoons in the 

period following ice break-up; 
3 . at the end of an extensive period of cloud cover (in 

spring to tall .... hen there is no ice cover), resulting 
in reduced sunlight and therefore reduced algal 
activity and 10 .... oxygen production; and 

4. extensive floating sludge mats. 

The operator ot H W T 1 d • • • agoon. has 1 o anything about th ••• conditi on y limited opportuni ti •• to ons. 
for iteJI 1) It th 

e problem is caused 
detention cells (in a multi bi one ot the short_ 
it may require shutdo p • cell arrangement), 
the cau.e ot the wn and slUdge removal. It 
becau.e ot too much p:ao:;::at!; a continuing one 
strength than antiCipated thi' perhaps ot higher 
by constructing addition~l c:Ucan only be solved 
shoUld bring thb to th s. ~he operator 
supervisor. e attent10n at the 
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ACCUMULATION, CHARACTERIZATION, AND STABILIZATION 
OF SLUDGES FOR COLD REGIONS LAGOONS 

... by 
;. 

R.W. Schneiter, E.J. MiddlebroOks, R.S. Sletten and S.C. Reed 

INTRODUCTION 

Wastewater lagoons can effectively treat municipal wastewaters and can 

be easily operated and maintained in all climatic areas. Treatment occurs 

through natural biological and physical processes that, in some cases, are 

aided by mechanical aeration. The solids that may settle and accumulate on 

the lagoon bottom are typically organic and inorganic solids in the untreated 

wastewater entering the lagoon and the biological solids produced by the 

treatment process. 

Lagoons operating in climates where the bottom water and sludge tempera

tures may exceed 19°C will generally not experience excessive biological 

sludge accumulation problems. However, where these temperatures fall below 

19°C, the solids accumulate faster than they can be digested and a net sludge 

buildup results (Oswald 1968). In some climatic regions sludge accumulates 

during cold winter months but digests sufficiently during the warmer summer 

months to maintain the desired balance. Unfortunately, the sludge is not al

ways completely digested and accumulation is a function of the cycles of cold 

winters and warm summers. Lagoons in Anchorage, Alaska, for example, which 

is a relatively warm location in the cold regions, experience a maximum tem

perature of about 13 to 15°C in the benthic sludge accumulation zone for only 

2 to 4 months per year. If excess sludge in sewage lagoons is accumulating, 

then sludge volume and characteristics require definition, and techniques for 

removal, treatment, and disposal need to be developed. 

The primary objective of this study was to provide information on sludge 

accumulation, treatment, and disposal in cold regions wastewater lagoons. 

This objective was achieved by: 

1. Conducting a literature review encompassing lagoon design and lagoon 

sludge accumulation, characteristics, removal, treatment, and dis

posal. 



2. Evaluating the extent of sludge accumulation in selected cold cli

mate lagoons in Alaska and Utah. 

3. Characterizing sludges collected from selected cold climate lagoons. 

4. Evaluating the potential for in situ sludge stabilization at low 

tempe ra tures. 

5. Evaluating lime treatment for sludges removed from lagoons. 

6. Evaluating sand and s~il drying beds for lagoon sludge dewatering. 

The following four major phases outline the work undertaken in this stu-

dy: 1) measurement of lagoon sludge accumulation, 2) lagoon sludge charac

terization, 3) periodic analysis of low temperature samples and digestion 

studies, and 4) evaluation of lime treatment and sand and soil drying of la

goon sludges. 

Field work was conducted at two multiple cell facultative lagoons in 

northern Utah, and two partial-mixed aerated lagoons, one in southern Alaska, 

the other in central Alaska. Both Alaskan lagoons were single cell units. 

The mechanical aeration of the Alaskan lagoons might result in some increase 

in the total amount of sludge deposited due to the increased capability for 

biological activity in the winter months as compared to an unaerated, ice

covered lagoon. However, the presence of the aeration is not believed to 

have any significant impact on the sludge once it is depOsited because of the 

low power levels and incomplete mixing. Therefore, the potential for diges

tion or stabilization of the bottom sludges should be essentially the same 

for facultative and partial-mix aerated lagoons as influenced by the local 

environmental conditions and other site-specific factors. 

LITERATURE REVIEW 

Introduction 

Lagoon classifications describe the prevalent biological activity occur

ring within the pond; Table 1 summarizes the basic lagoon types and their ap

plication (Metcalf and Eddy 1979, EPA 1975). 

Lagoon Sludge Accumulation 

Sludge accumulates to varying degrees on the bottom of nearly all types 

of wastewater treatment lagoons. The deepest deposits occur near the inlet 

and remain until solids degradation processes or wind action, temperature 

inversion, or other natural phenomena (that resuspend the material) reduce 

the accumulation. Since low winter temperatures in colder climates inhibit 

2 
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Table 1. Lagoon types and applications (Metcalf and Eddy 1979, EPA 1975). 

Type of pond or 
pond system 

Aerobic 

Common 
name 

Oxidation pond 

Polishi ng pond 

Aerobic-anaerobic Facultative pond 
(oxygen source: 
algae) 

Aerobic-anaerobic Aerated or partial-
(oxygen-source: mix pond. 
surface aerators 
or submerged 
tubing) 

Identifying 
characteristic 

Designed to maintain aerobic 
conditions throughout the 
liquid dept h. 

Application 

Trea tment· of primary and secon
dary effluents. 

Similar to low-rate aerobic Used for polishing (upgrading) 
ponds but very lightly loaded. effluents from conventional sec

ondary treatment processes. 

Deeper than oxidation ponds. 
Photosynthtsis and surface 
reaerati0Ofo.Provide oxygen for 
aerobic stabilization in up
per layers. Lower layers of 
solids undergo anaerobic di
gestion. 

As above, but mechanical sur
face aerators or submerged 
tubing used to provide oxygen. 

Treatment of untreated, screened, 
or primary settled wastewater and 
industrial wastes. 

Treatment of untreated, screened, 
or primary settled wastewater and 
industrial wastes. 

microbial activity at the bottom, accumulated sludge may not be degraded, 

resulting in a net sludge buildup. A typical design requirement in Alaska is 

to reserve about 5% of the lagoon volume for sludge deposits (EPA 1975). 

In cases where the sludge accumulation rate equals the rate of decompo

sition or resuspension, the lagoon operates under steady-state conditions 

(Bartsch and Randall 1971). Steady-state conditions may result after at 

least five years of operation for partial-mix aerated lagoons (Christianson 

and Coutts 1979, Christianson 1976), and may require from two to 20 years of 

operation before being established in facultative lagoons (Marais 1970, Stan

der et al. 1970). Lagoons located in cold climates, however, may never reach 

a steady-state condition. Clark et al. (1970) reported that, for lagoons in 

Alaska, bottom sludge definitely accumulates faster than it is stabilized. 

This is true for both facultative and aerated lagoons. 

Typically, lagoon operation involves a net sludge buildup during low 

temperature, winter months (Huray 1977), followed by temperature-dependent 

decomposition in the warmer summer months. Although temperature is a major 

consideration, other factors including lagoon inlet and outlet configuration, 

pond depth and geometry, and hydraulic and organic loading rates may also 

affect accumulation rates. 

Sludge accumulation measurements in the Northway, Alaska, partial-mix 

aerated lagoon indicated an accumulation rate of over 2.54 cm (1 in.) per 

year, or about 0.25 m3 (9 ft 3) per 1000 people per day, during 4.5~ears 

(Clark et al. 1970). A pilot aerated lagoon at Eielson AFB, Alaska, which 

received effluent from a primary plant, experienced an accumulation rate of 
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1.27 cm (0.5 in.) per year sludge in the third of the pond nearest the inlet 

of the pond, and 0.63 cm (0.25 in.) to 1.27 em (0.5 in.) per year in the 

final two-thirds of the pond (Reid 1970). 

At several facultative lagoon sites in Canada and Alaska, sludge accumu

lation rates varied from 0.25 to 0.40m 3 (8.8 to 14.0ft 3) per 1000 people 

per day, with the highest accumulation rates occurring at the more northerly 

sites; sludge accumulated at somewhat lower rates in aerated lagoons (Clark 

et al. 1970). After five years of operation, the aerated lagoon at Fort 

Greely, Alaska, had 50 .76 cm (20 in. ) of accumulated sludge near the inlet, 

tapering down to 3.17 cm (1.25 in.) at about 15.2 m (50 ft) from the inlet. 

The secondary cell was about 50% covered with 3.17 cm (1.25 in.) to 5.08 cm 

(2 in.) of sludge (Christianson and Coutts 1979). This lagoon at Ft. Greely 

receives primary effluent from an existing Imhoff tank system. 

A facultative lagoon in Columbia, Missouri, was sampled for accumulated 

sludge following three years of operation (Howard 1967). Sampling sites were 

randomly selected at various points in the lagoon, with sludge depths ranging 

from 5.1 cm (2 in.) to 10.2 cm (4 in.) outside the inlet deposition zone and 

from 8.9 cm (3.5 in.) to 15.2 cm (6 in.) inside the inlet deposition zone. 

These values convert to an annual accumulation rate of approximately 3 cm 

(1.2 in.). Other studies of sludge accumulation rates in arctic, subarctic, 

and temperate regions generally support these values (Boulier and Atchison 

1975, U.S. Army 1975, Gloyna 1971, Parker and Skerry 1968, and Pick et al. 

1970). 

At the lagoons in Winnipeg, Manitoba, the effect of discontinuing influ

ent flow for four months was investigated. The aerated lagoons showed only 

slight evidence of bottom sludge reduction during this period (Girling et al. 

1974). In some locations a significant portion of the accumulated sludge is 

silt rather than organic solids (Middlebrooks et al. 1965). There may be 

from 23 to 91 times more silt than organics in some lagoon sludge deposits 

(Clare et al. 1960). However, the higher concentration of silts may be more 

likely to characterize lagoons operated in temperate regions because many 

cold regions lagoons have rubber membrane liners and are fed by sewer systems 

which exclude storm and other surface water. 

Lagoon Sl~dge Characteristics 

Lagoon sludge characteristics are as varied as lagoon sites; however, 

some general sludge characteristics have been defined. Table 2 presents the 
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Table 2. Biological characteristics of lagoon sludges. 

Total Volatile Fecal 
Sludge Facility solids solids coliform 

type location (%) (%) I'll (MPN/ g) COD Color Odor Reference 

Aerated Northway, 12-20 29-50 7.1 - 7.6 2.4(10 3) 46-88 mg/g Black Musty Christianson and 
lagoon Alaska 4.9(]03) Coutts (1979) 

Clark et al. (1970) 

Aerated Winnipeg, 8-10 45-55 Pick et al. (1970) 
lagoon Manitoba 

Aerated Eielson 3.6-9.1 55-93 Gray- Fresh Reid (1970) 
lagoon AFB brownish sewage 

Alaska black 

Facul- Columbia, 0- 800 mg/i n. 2 Black- Howard (1967) 
tative ill ssouri bo gray 
lagoon 

Anaerobic Melbourne, 14.9 38.3 7.5 Gloyna (1971) 
lagoon Australia 

Anaerobic Werribee, 1.2-7.0 41-60 Parker and 
lagoon Australia Skerry (1968) 

Untreated 2.8 60-80 5.0-8.0 1.1 (l 0 4) Metcalf and Eddy 
primary (j 979), Farrell 

(1974) 

biological characteristics of lagoon sludges from several sources, and pro

vides a comparison between these sludges and conventional primary sludge. 

Lagoon Sludge Removal Techniques 

Specific criteria for lagoon sludge removal are limited. Common prac

tice for removing sludge from unlined or clay-lined lagoons usually involves 

draining the lagoon and excavating the sludge with a scraper or a front end 

loader. 

Operators at Moose Jaw, Saskatchewan, removed accumulated sludge from 

their aerated lagoon by first removing the aeration tubing during warmer 

months. With the arrival of winter, the sludge froze and was subsequently 

removed by front end loaders (Lawson 1977). 

Dredging operations first loosen the accumulated sludge for pumping to 

holding tanks (Water and Sewage Works 1970). Clogging of the pump suctions 

on a sludge dredging operation at Red Deer, Alberta, required the use of cut

ting heads on the suction pipes (Lawson 1977). These cutting heads would not 

be feasible with membrane-lined ponds. Sludge pumps are available to meet 

various requirements (EPA 1979)., 

To facilitate cleaning, designs should be based on a three-pond system 

employing two active cells and one inactive cell. After each cell is rested, 

the accumulated sludge can be removed by pumping or excavation (Dawson and 

Grainge 1969). 
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Lagoon Sludge Stabilization 

Sludge stability may be judged by its tendency to harm the environment 

and produce nuisance conditions. When harmful environmental effects and nui

sance potential are minimized, the sludge is stable and requires no further 

treatment (Vesilind 1974). In ad,dition to in situ stabilization, sludge re

moved from lagoons can be further treated by aerobic digestion, anaerobic di

gestion, heat treatment, lime stabilization, pasteurization, chlorine oxida

tion, composting, chemical fixatiQn, and long-term storage (EPA·1976). Lime .. 
stabilization and freeze-thaw conditioning are discussed below because of 

their enhanced potential use for stabilizing lagoon sludges in northern re

gions~ The other methods listed above require a significant physical plant 

investment for their operation and would not, therefore, be cost effective 

for the infrequent treatment of lagoon sludge. 

Lime Stabilization 

Lime addition stabilizes sludge by raising the pH to high enough levels 

to destroy pathogens. Lime also reduces odors and improves dewaterability 

but produces large quantities of inorganic sludge (Vesilind 1974). At high 

levels of alkalinity, the bacterial kill rate will still be very high at low 

temperatures (Wang et ale 1978), making this option attractive for cold re

gions application. Table 3 illustrates the effect iveness of lime in reducing 

pathogenic and indicator bacteria count. These data are from chemical-prima

ry sludge produced at a conventional wastewater treatment pilot plant (Far

rell et ale 1974). Studies conducted at the Greenwood, South Carolina, 

treatment plant indicate that complete destruction of Salmonella typhosa re

sults upon addition of lime in large enough quantities to produce a pH value 

of at least 12.0 (Doyle 1967). 

Research at Lebanon, Ohio, also shows significant pathogen reduction 

with high pH values r~sulting from lime addition to wastewater sludges. The 

Salmonella typhosa and Pseudomonas aeruginosa concentrations are reduced to 

near zero. The total and fecal coliform reductions exceeded 99.99%, and the 

fecal streptococci kills approached 99.93% for primary sludges (Noland and 

Edwards 1977). The effectiveness of lime stabilization in reducing total 

coliform bacteria at low temperatures is shown in Figure 1 (Morrison et ale 

1973). 

The pH value and contact time required to achieve the pathogen destruc

tion di,scussed above varies. However, when sludge is treated in the liquid 
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Table 3. Bacterial count reduction from lime addition to liquid municipal 
sludge (Farrell et al. 1974). 

Original 
count 

(bacterial pH 10.5 mH 11.5 pH 11.5 
Bacteria 100 mL*) 0.5 hrt 0.5 hrt 24 hrt 

Fecal coliform 3.6 x 10 7 0.81 0.00028 0.00011 
... 

Fecal streptococci 2.2 x 10 6 "'10.0 0.17 0.059 

Total aerobic count 4.9 x 10 9 0.11 0.00067 0.00025 

Salmonella sp. )1,100 0.0033 <0.0027 <0.0027 

Pseudomonas aeruginosa 1,100 0.0083 0.0033 0.0027 

* Equivalent to 
t Contact time 

approximately 5 g of dry sludge solids. 
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Figure 1. Total coliform bacteria 
reduction in lime treated wastewater 
at an initial pH of 12.0, at 1°C to 
15°C (Morrison et al. 1973). 
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pH 12.5 
0.5 hrt 

0.00011 

0.009 
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state, and the lime added is sufficient to raise the pH to 12.5 for 30 min, 

the following objectives are accomplished: 1) the pH remains above 12.0 for 

about 2 hr, resulting in the desired pathogen kill, and 2) the pH remains 

above 11.0 for several days, allowing use or disposal without renewed purifi

cation (EPA 1979). Several other sources also indicate the necessity of 

maintaining the pH above 12.0 for at least 30 min to achieve the desired sta

bilization (EPA 1978a, Metcalf anjj Eddy 1979, Morrisonet ale 1973, Noland 

and Edwards 1977, Ramirez and Malina 1980, and Schroeder and Cohen 1977). 

Figure 2 depicts the combined lime dosage vs pH for several sludges (EPA 

1978a). Of the total amount of lime required for the sludges in Figure 2 to 

reach pH 12, an additional 0 to 50% was added to maintain the pH value at 12 

(EPA 1978a). 

13.0 

7.0 

- - - - AVERAGE 
::::::::::::::::::::: RANGE OBSERVED 

6.0 ....... ---+----+-----+----t-----' 
o ~OOO 4,000 5,000 

DOSAGE Co lOH)2 MGIL 

Figure 2. Combined lime dosage versus pH 
. for primary, anaerobically digested, waste 
activated, and septage sludges (EPA 1978a). 
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The lime dose necessary to keep the pH value above 11.0 for at least 14 

days varied from 100 to 150 g Ca(OH)2/kg SS (0.22 to -0.33 lb Ca(OH)2 lb SS) 

for primary sludge to 300 to 500 g Ca(OH)2/kg SS (0.66 to -1.10 lb Ca(OH)2/lb 

SS) for biological sludge. No differences in dosage requirements were evi

dent between lime added as a slurry and lime added dry (Paulsrud and Eikum 

1975) • 

Freeze-thaw Conditioning 

Freeze-thaw conditioning is a sludge treatment process where liquid 

sludge is placed on sand drying bed~ and allowed to freeze. The process is 

particularly attractive in cold regions where natural refrigeration can be 
.; 

used. The purpose of the freeze-thaw technique is to condition the sludge so 

that it is readily dewaterable and to reduce the volume of sludge to be dis

posed of. Variables in the process are the depth of sludge to be frozen and 

the rate at which the sludge freezes. Although freeze-thaw conditioning does 

not produce the pathogen destruction of lime stabilization (Leclerc and 

Brouzes 1973, Tilsworth 1972), it does produce an odorless and easily handled 

humus-like product (Tilsworth 1972). 

A Canadian study concluded that "improved dewaterability can be expected 

for any sludge type if complete freezing is attained at a relatively slow 

rate such as that found in the natural environment" (Rush and Stickney 1979). 

However, the filtrate quality from these sludges was from three to six times 

poorer than that from raw wastewater. The filtrate return to the treatment 

system resulted in 0.8% increase in hydraulic loading and 5.0% increase in 

organic loading. 

Freezing rate is important because the dehydrating and pressure produc

ing properties of the ice structure are affected (Katz and Mason 1970). The 

freezing process breaks down molecular bonds and releases water molecules 

contained in the sludge. Sludge dewaters when frozen at rates up to 40 to 60 

mm/hr (1.57 to 2.36 in./hr); however, the best sludge dewaterability.occurs 

when 'the sludge was frozen at 20.5mm/hr (0.81 in. /hr) (Logsdon and Edgerly 

1971). Sludges dewater more readily when frozen at higher rates if treated 

with polymers to reduce specific resistance. Additional studies indicate 

that sludges can be frozen' at relatively high rates when in thin films at 

small temperature differences •. This process requires chemical ,additives 

(Cheng et al. 1970). Experience at. a facility in Monroe County, New York, 

indicated a total solids increase from 3.5% to 17.5% with a decrease in over-

9 
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'all volume for sludges subjected to freeze-thaw action (Bishop and Fulton 

1968) • 

Research conducted at the University of Alaska concludes that slow 

freezing produces a' better conditioned sludge than does fast freezing (Tils....,., 

worth 1972). Aiso, improved efficiency occurs with more dilute sludge com

posed of 1 to 2% solids. The Alaskan researchers indicated that, where natu

ral refrigeration is employed,. the sludge depth depends upon the local clima

tology. Greater depths result in smaller area requirements, but artificial 

heating methods may be required for thawing during the spring. This process 

is especially suited for cold regions where small facilities with low sludge 

volume can take advantage of a~~dant land and natural refrigeration. 

Lagoon Sludge Disposal 

The ultimate disposal of wastewater sludge can take many forms including 

bu~ning, burying, or spreading on land (Heckroth 1971). Of these various" 

methods, sludge disposal on land usually provides the most cost-effective so

lution to sludge management problems. Lime treatment prior to land applica

tion should stabilize the sludge with respect to pathogens and odors and re

sult in a material that is safe and aesthetically acceptable. 

Application of sewage sludge to agricultural land as a soil conditioner 

and fertilizer, and application to damaged soils as a conditioner has been a 

common practice (Evans 1969, Farrell 1974, and Vesilind 1974). This is be

cause land application is usually less expensive and less energy intensive 

than most other methods of disposal. An added benefit is that nutrients and 

organic matter are put baCk in the soil and the condition of the soil is im

proved. 

Summary 

The literature indicates that substantial work has been conducted in the 

areas of lime stabilization and land disposal of primary, secondary, and 

waste-activat'ed sludges. However,,' factors affecting sludge accumulation, 

methods of removal for accumulated sludge, stabilization of accumulated 

sludge, and specific sludge characteristics have been generally neglected 

relative to cold regions wastewater lagoons. 

,The literature does indicate that sludge will accumulate to varying de

grees i'n wastewater lagoons~ - This accumulation poses a threat to wastewater 

treatment ,efficiency by reducing the pond volume available for treatment. 

The, -characteristics of the accumulated sludges can influence decomposition 
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rates and may significantly influence the handling and ultimate disposal of 

sludge removed from wastewater lagoons. 

MATERIALS AND METHODS 

Introduction 

Sludge accumulation was determined at two Utah facultative lagoon sys-

,tems and two Alaskan aerated lagoons. Samples were collected and stored at 

temperatures reflecting winter condi tions at the bo·ttom of the' lagoon to 

evaluate the sludge stabilization processes occurring in cold regions la

goons. In addition, bench-scale aerobic and anaerobic digestion studies were 

performed. Lime stabilization was also investigated as a treatment process 

for sludges and the stability of these lime-treated sludges on open soil and 

sand beds was monitored. 

Sampling Procedure 

Table 4 presents characteristics andbackg:round data for the four lagoon 

sites studied during this project. The sludge layers in the primary cell of 

each lagoon system were measured for thickness to determine sludge accumula

tion rates and sludge distribution and volume. To determine suitable samp:" 

ling points, as well as to map the accumulated sludge depth, a grid pattern 

was established by marking the lagoon berm at regular intervals. Samples 

were collected from.a boat that was positioned at the appropriate points be

tween opposite berm markings. Figures 3, 4,5, and 6 show the sampling point 

locations and dimensions of the grids. 

Location 

Average annual 
temperature range 

Waste source 

System type 

Year built 

Population 

Influent Flow 

Influent BOD 5 

Influent TSS 

Influent VSS 

Table 4. Description of lagoon sites. 

Logan, Utah Corinne, Utah Palmer, Alaska Galena, Alaska 

Cache Valley of Northeast Salt Lake Matanuska Valley of Interior Alaska on 
Northern Utah Valley in Northern Southern Alaska the Yukon River 

Utah 

lSo F to 8S o F 20°F to 900 F SOF to 6SD F -200 F to 700 'F 

1)omeOstic-eommercial Domestic Domestic, commercial, Domestic, institu-
light industry tional 

7-cell facultative 7-cell facultative Single' ce-ll; 'submerged Single cell, submerged 

1967 

27,000 

37~SO m3/day 
(10 gal./day) 

7S mg!L 

62 mg!L 

40 mg!L 

1973 

SOO 

, 3 
694 ~ /day , 

(l.8 x 10 gal./d~y) 

75 mg/L 

69 mg/L 

48 mg/L 

11 

tubing .aerationwt',th tub;lng aeration, 
polishing pond 

1972 1975 

2143 300 

, 681 ~3/day , 
3 ' .... 

284 'I! /day . 
(1.8 x'10 gal./day) (7.S x 10 gal./day) 

200 mg!L 200 mg/L 

185 mg!L 170 mg!L· 
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Figure 3. Sample collection area and grid dimensions for the· 
Logan, Utah, wastewater lagoon system. 
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Figure 4. Sample collection area and grid dimensions for the Corinne, 
Utah, wastewater lagoon system. 
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Figure 5. Sample collection area and grid dimensions for the Palmer, 
Alaska, wastewater ~agoonsystem. 
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Outlet Inlet 

Figure 6. Sample collection area and grid di
mensions for the Galena, Alaska, wastewater la
goon system. 

The Logan and Corinne (Utah) sludges were collected in mid-March, 19-80, 

just following the winter ice mett'. - The Palmer and Galena (Alaska) sludges 

were sampled early in June 1980. The Alaska lagoons had been free of ice for 

approximately two months prior to sampling. 

As much uniformity as possible was ~xercised in collecting, handling, 

and storing the samples. The Alaskan sludge samples were shipped by air 

freight with refrigeration provided at st~pover points; the Utah samples were 

placed in cold storage on the same day as collected. 
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core samples were taken with a 

) section of 5-cm (2-in.) out

Side dfailieter x 3. 8-cm O. 5-in.) inside di

ameter clear acrylic tubing. One end of 

the sampling tube was tapered to provide a 

cutting edge when pushed through the sludge 

into the pond bottom. The other end of the 

sampler was attached to 1.2-m (4-ft) sec

tions of 2.54-cm (l-in.) PVC pipe, with 

sections added or removed to accommodate 

depth variance. A rubber stopper inserted 

in the end of the last section created a 

vacuum in the tube, preventing sample loss 

as the sampler was withdrawn from the la

goon. The sludge depth a:od sludge/silt 

interface were observed through the tube 

walls and sludge was measured using lines 

scribed on the tube at 2.54-cm (I-in.) in

tervals. Figure 7 illustrates the sludge 

core sampling tube. At Palmer and Galena, 

the grid system was established to provide 

sludge depth sampling points and a photo

electric cell was used to obtain sludge 

depth measurement s. 

The sludge depth device consists of a 

flashlight facing a' photoelectric cell with 

the relative light intensity measured on a 

voltmeter. ' As the sludge/water interface 

Copped and Threaded 
to Accept I" PVC Pipe 

I Mark Every 2.54 cm 
for 76.2cm 

102m 

1 
. 20.3cm 

3.scm-J L 
Figure 7. Lagoon sludge 
core sampling tube. 

. 
is encountered, the light beam is interrupted and the meter deflects. The 

cell is then pushed through the sludge layer until stopped by the lagoon bot

. tom. The total depthnrin'us the depth to the sludge/water interface equals 

the sludgedepth·(Fig. 8). 

Suitable sampling points required sufficient sludge depth (15 to 20 cm) 

to allow pumping without excessive supernatant uptake. At each lagoon, be

tween l300 and 1'400 L of sludge was collected and transported to Logan, Utah, 

for cold storage~ 
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CAP 

r
I 
I 
( 
\ 
L_ 

.-¢~:;:::~~~E~~ To meter and power 

'FLASHLIGHr' 
Reflector with Bulb 

supply 

HOUSING THREADED to 
Accept Cap 

PHOTO-ELECTRIC CELL 

Figure 8. Schematic of the photo-electric cell used to determine 
accumulated sludge .depthin the Palmer and Galena, Alaska, lagoons. 

Within one week following collection, all of the sludge samples from a 

particular lagoon were mixed together in a 2-m3 (500--gal) tank.~ The mixed 

sludge was then divided into separate 20-L containers and returned to 4°C 

(39.2°F) storage for stability studies and digestion experiments. The diges

tion experiments will be reported elsewhere. 

Lime Stabilization 

The 20-L (5-gal.) polyurethane containers used for sludge sample storage 

were also used for mixing of the lime addition. The lime-sludge mixture was 

stirred with mechanical mixers at approximately 120 rpm. The stirrers. were 

mounted to laboratory ring stands and set at an angle and depth to provide 

complete mixing. A photograph of the lime stabilization apparatus is shown 

in Figure 9~ 

Smaller samples (2-L) of sludge were also lime stabilized to confirm 

lime dose requirements. These samples were mixed in 3-L plastic· bottles at 

approximately 80 rpm using the same stirrers used with the 20-L (5-gal.) sam

ples. 
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Figure 9 •. Lime stabilization apparatus. 

Sludge Drying 

. Model drying ,beds (lysimeters) used for lime-:treated sludge application 

were made from empty 20-L (5-gal.) s ample containers. The top halves of two 

containers ~ere cut off and stacked inside a third, unaltered container to 

form a column 29.2 cm (11.5 in.) in diameter and 61 em (24 in.) high. Sever

al 8-mm (5/16-in.) holes were drilled in the bottom container to provide 

drainage. Sand particles passing a nulilber 10 sieve and retained on a number 

20 sieve were glued to the inner surface of each column to reduce hydraulic 

short-circuiting. Four columns were suspended in a square pattern between 

four concr~te blocks. A total of eight lysimeters were used, one with sand 

and one with $oil for each sludge. A catch pan was placed beneath each col

umnto collect the leachate as it filtered through the media. Figure 10 
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Figure 10. Schematic diagram 
of a lysimeter . column. 

em 

shows a schematic drawing of a single column and Figure 11 shows the group of 

1ysimeters. 

Experimental Procedures 

To characterize the lagoon sludges, samples were analyzed for total or

ganic carbon (TOC), total solids (TS), volatile solids (VS), pH, total Kje1-

dahl nitrogen (TKN), ammonia nitrogen (NH3-N), and fecal coliforms shortly 

after collection. Also, selected metal concentrations were determined for 

each lagoon sludge. The sludge samples were stored at 4°C (39.2°F), and 

analyses for TO, TS, VS, pH, TKN, NH3-N, and fecal coliform were conducted 

weekly thereafter. These weekly analyses were used to determine sludge char

acteristic changes with time at low temperatures to serve as an indication of 

the stabilization occurring in the actua11agoon. 

Hydrated lime [Ca(OH)2] was added to raw lagoon sludge samples at 12°C 

until the pH value remained a,t 12.5 for 30 min. The lime dose applied to 

17 



Figure 11. Sand lysimeter group. 

each sludge was a function of the particular sludge characteristics. The 

lime was added dry, and mixed with the sludge by mechanical stirrers. Before , 
the lime add.ition, the pH value of the raw sludge, fecal coliform count, and 

mois·t\1re co~tent were determined •. Monitoring of the pH value continued 

throughout the. lime. stabilizat;i.on process. . At the end of the 30-min contact 

period,· stallilized sludge samples were taken for fecal coliform· and moisture 

content analyses. 

Thes~nd and soil bed drying phase of the experiments consisted of tak

l'ng the lime-stabilized sludges discussed above and spreading them over the 

surface of sand and soil drying beds at 12°C. After 5, 10, 15, and 20 days, 
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the sludges remaining on the surface of the beds were analyzed for moisture 

content, and the leachate was analyzed, for pH and fecal coliform. 

Sludge application rates applied to the soil were based on the nitrogen 

utilization capacity for sparsely forested land. Application rates for the 

sand were equivalent to rates normally applied to sludge drying beds in cold 

, climates. 

RESULTS AND DISCUSSION 

Introduction 

The sludge from several cold climate wastewater lagoons was examined in , 
this study to determine accumulation rate; accumulated sludge characteris

tics, and to estimate the degree of stabilization that may be occurring. 

Also, a brief investigation of limes'tabilization and land drying of the 

lagoon sludge was conducted. 

AccumUlation 

Table 5 contains a summary of the sludge accumulation data collected 

from the Logan and Corinne, Utah, and the Palmer and Galena, Alaska, waste

water lagoons. The mean sludge depths and the influent suspended solid con

centrations in the Logan and Corinne, Utah, lagoons are approximately three 

Table 5. Lagoon sludge accumulation data summary. 

Lagoon 
Parameter Logan Corinne Palmer Galena 

Flow, 
3 . 

m /day 37,850 694 681 284 

Surface area, 2 384,188 14,940 13,117 2,520 m 
Bottom area, m 2 345,000 11 ,200 8,100 1,500 
Continuous operation since 13 9 5 8 
lagoon was cleaned, yr 

Mean sludge depth, cm 8.9 7.6 33.5 27.7 
Total .sludge solids ·58.6. 76.6 85.8 9.8 
conc, gIL 

Sludge volatile solids 40.5 61.5 59.5 4.8 
conc, gIL 

Influent total 62 69 185 170 
suspended solids, mg/L 

Influent volatile 40 48 
suspended solids, mg/L 
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to four times lower than those in the Palmer and Galena, Alaska, lagoons. 

Although these sludges were accumulated over varying periods of time, the 

Uta:h facultative lagoons each have a mean sludge depth near 8 cm (3.1 in.) 

and the Alaskan aerated lagoons each have a mean sludge depth near 30 cm 

(11.8 in.). The distribution of the accumulated sludges over the lagoon bot

toms is illustrated in Figures 12-15. An examination of the figures shows 

that the greatest solids deposition occurred near the inlet, as expected. 

Also, the figures indicate a greater tendency for incoming wastewater to 

short circuit through the square configuration lagoons. 

Figure 16 shows the Palmer, Alaska, lagoon when drained and illustrates 

th~ sludge'accumulation that occurred near the inlet of wastewater lagoons. 

The influent total suspended solids (TSS) concentrations of roughly 200 

mg/L for the Palmer and Galena la:goons are considerably higher than the Logan 
. . 

.~nd .Corinne influent 'TSS" concentrations of approximately 65 mg/L. Thus, when 

comparing the Ala~ka lagoons to" the Utah lagoons,' a deeper sludge layer 

should pe expected for the aerated lagoons in Alaska. 

'. ',rheAlaskalagoonsexperience lOWer temperatures for longer periods than 

do the Utah lagoons. During the five-month" period from December through 

Sludge Thickne .. in Centimeter •. I ~-~.--------------646m.-----------~~~ 
Outlef 

812m 

Inlet Manifold 

Figu.re 12. Sludge depth distribution over the bottom of 
the logan, Utah, lagoon system cell A2.Contours indi
cate approximate isochronal lines for equal sludge accu-
mulation (cm). .1 . 
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Sludge Thickness in Centimeters 

1-1--------~/9Im-----'-------~·1 

7.6 13.'$m 51 
l -

I----'---+-----'\-~r____+--_J_---~-----_¥_-- '''.lm r y 17."m 

Outlet 

Figure 13. Sludge depth distribution over the bottom of the Corinne, 
Utah, lagoon system primary cell. Contours indicate approximate iso
chronal lines for each sludge accumul;:ttion (cm). 

Sludge Thickness in Centimeters Inlet 
Partially Dried 

~1 ___ ---~-----------~~5m -------~--------r_~ 

I -: ~~~~-r------I~ .. ...----!!-- 18 19 20 -28 25 23 ~ I 

~~_18 ____ 18 ____ 1_8 ____ 19 ______ ----,~~_3_0 __ 2_5 ______________ ;-__________ ~~ __ ~ *l[m 
Outlet' 

Partially De .... atered 

Figure 14. Sludge depth distribution over the bottom of the Palmer, 
Alaska, lagoon system aerated cell. 

April, the Palmer influent is nearrC (44.6°F) and the aerated cell effluent 

is nearO.5°C (32.9°F). For the Logan primary cell, the influent temperature 

is approximately _11 °c (51.8°F) and the effluent temperature is approximately 

3°C (37.4°F) for the three-month period from December through February. The 

Logan primary cell influent and effluent temperatures are roughly 16°C 

(53.6°F) and 20°C (68°F) or higher for the three-month period of June, July, 

and August. The influent temperature to the Palmer lagoon exceeds 12°C 

(53.6°F) for only August and September, while the effluent from the aerated 
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Figure 15. Sludge depth distributiono\Ter the bottom of the Galena, 
Alaska, lagoon. 

Figure 16. Palmer, Alaska, lagoon aerated cell, drained. 
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Table 6. Lagoon solids summary • 

. Total solids Solids 
entering . Total solids present unaccounted for 

TSi( xlO 3 kg) TSp (x10 3 kg) (%) 

Logan 11135.10 1799.3 83.84 

Corinrte .157.31 65.20 58.55 

Palmer 229.92 232.82 -1.26 

.Galena 140.98 4.07 97.11 

, 
. cell very seldom reaches 18°C (64.6°F) and only exceeds 15°C (59°F) occasion-

ally. 

The annual sludge accumulation rates estimated from the mean sludge 

depth and operation period listed in Table 5 for the Logan, Corinne, Palmer, 

and Galena lagoons are 0.68 cm (0.27 in.), 0.84 cm (0.33 in.), 6.7 cm (2.64 

. in.), and 3.5 cm (1.38 in.), respectively. The estimated annual accumulation 

rates for the Utah facultative lagoons are lower than r~ported values for 

facultative lagoons in Mississippi and Missouri (1.0 to 10.2 cm) (Middle

brooks etal. 1965, Howard 1967, Clare et al. 1960). These earlier studies 

found inorganic matter to be far more significant than organic matter in 

sludge aGculllulation. The lower accumulation rate for the Utah lagoons in 

this study suggests that this was not the case, so that. organic matter con

tributes at least as much to the sludge accumulation as does lnorgartic 

matter. 

The sludge accumulation rates estimated for Palmer and Galena are within 

the range of values· reported in several studies of sludge accumulation in 

other Alaskan aerated lagoons. From Table 5, the Palmer volatile solids con

centration was 69% of the total solids and the Galena VS was 49% of the TS. 

These VS values are approximately midrange of the previous VS values reported 

for Alaska aerated lagoons and indicate that organic matter is a substantial 

contributor to sludge accumulation in these lagoons. 

Table 6 presents the results of calculations to estimate the total sol

ids which have entered each lagoon over its operational period, the total 

solids present at the time of sampling the sludge layer, and the percentage 

of solids unaccounted for. These values were determined with the following 

procedure: 
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where 

where 

TS. = SS. x Q x t(365)16- 3 
11' 

SSi = influent suspended solids concentration, mg/L 
'. 3 

Q .average daily inflow, m /day 

t = operating time of lagoon, yr 

TSi = total solids into lagoon over operating time, t, kg. 

2 AB bottom area of lagoon, m 

d = depth of sludge layer, em 

T~mc = measured concentration of total solids in the sludge 

layer, gIL 

TSp = total solids present in the lagoon at the time of 

sampling, kg, 

TS 
TS =(1 - --E.) 100 

u TS i 

where TSu = total solids unaccounted for, kg. 

(1) 

(2) 

(3) 

It is only possible to speculate on the fate of solids unaccounted for, 

but some conclusions can be drawnfrom·Table· 6. Apparently the solids accu

mulation in lagoons operating in similar climates can differ greatly. For 

instance, after five years, the Palmer lagoon had more solids in the sludge 

layer than theoretically entered the lagoon. The Galena lagoon had lost 97% 

of the solids that entered the lagoon over eight years. It is suggested that 

low water temperature in the sludge layer at Palmer retarded microbial decom

position of the solids, While, at the same time, significant biological acti

vity in the aerated liquid produced additional soltds for deposition in the 

sludge layer.' In the case of Galena, it is believed that the lagoon is un

dersized and that significant short circuiting was taking place, allowing 

solids to pass out of the lagoon with the effluent. The very thin consiste~

cy of the sludge layer at Galena compared to the other lagoons would seem to 

support the ·theory that movement of water either by mixing or short-circuit

ing was too rapid to allow substantial compaction in the sludge layer. The 

Logan and Corinne lagoons were somewhat more similar in their behavior but 

not totally predictable. It appears from these data that there is a signifi-
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cant potential for substantial sludge accumulation in cold regions wastewater 

treatment lagoons. 

Lagoon Sludge Characteristics 

Table 7 compares accumulated sludge characteristics for the Logan, 

Corinne, Palmer and Galena lagoons to typic'al primary sludge characteristics. 

Table 8 is a qualitative description of the physical characteristics of the 

lagoon sludges examined during this study. Table 7 shows that the Logan, 

Galena and Palmer sludges are quite similar to primary sludge in their char-

acteristics. The main differences are that solids concentrations, both total 

and volatile, are higher for lagoon sludge than for primary, and fecal coli-
I 

Table 7. Comparison of wastewater lagoon and primary 
sludge characteristics. 

Lagoon Typical primary 
Sludge Logan, Cori;.nne. raImer, Galena, wastewater sludge* 

E"arameter Utah Utah Alaska Alaska 'Range 

Total solids (%) 5.9 7.7 8.6 0.89 2-8 

Total solids (mg/L) 58,600 76,600 85,800 9800 37,520-65,140 

Volatile solids (%) 69.1 80.3 69.3 48.9 60-80 

Volatile solids (mg!L) 40,470 61,520 59,490 4790 28,780-43,810 

Total organic carbon 5513 6009 13,315 2651 
(mg/L). 

pH 6.7 6.9 6.4 6.8 5-8 

Fecal coliform 6.7 (0 4) 1.0 (0 5) 4.1 (10 4) 2.5 (10 5) 1.3(08)-3.300 9). 
(counts/100 mL) 

Total Kjeldahl 1.75 1.35 1.95 3.43 
nitrogen (% of TS) 

Total Kjeldahl 1028 1037 1674 336 1250-2470 
nitrogen (mg!L) 

Ammonia nitrogen 0.12 0.09 0.11 0.45 
(% of TS) 

Ammonia nitro~en (mg/L) 72.6 68.6 93.2 44.1 19-592 
*(EPA 1978A, Farrell 1974 and Metcalf & Eddy 1979) 

Table 8. Physical characteristics" of the accumulated sludges col
lected from the Utah and Alaska lagoons. 

Sludge 
Lagoon color 

Logan, Utah Dark green 

Corinne, Utah Olive green 

Palmer, Alaska Black-green 

Galena, Alaska Black 

Sludge 
odor 

Mild humic 

Mild humic 

Sludge descript10n 

Non-homogeneous consistency interspersed with matter resembling 
yellowed. grass clippings. High concentration of household 
inorganics (i.e. plastics and metal fOils). Stringy, fibrous 
matter' aggregations thinly distributed. 

Homogeneous consistency with little noticeable foreign matter. 

Strong humic .Nonhomogeneous consistency COntaining a large amount of stringy, 
.fibr~~ matter, Low concentration of household inorganics. 

Weak sewage Very homogeneous consistency resembling activated sludge. 
Possesses an incoherent floc. Very little noticeable foreign 
matter. 
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form concentrations are significantly lower. This is reasonable considering 

the much longer detention time for solids in a lagoon. The longer detention 

time would provide for some consolidation of solids and die~off of fecal co-
, . 

liform. The Galena sludge appears to be atypical. The reasons for this we:re, 

not discovered during the course of this study. Table 8 shows that wide 

. variations in the physical appearance of the sludges existed although the 

sludge characteristics were similar • 

. " ". 

". Storage Effects' on. Characteristics 

Large volumes of sludge from the Logan, Corinne, Palmer, and Galena la

goons were stored at 4°C (39.2°F) to model temperature conditions present at 

the lagoon bott:omsduring the winter months. Samples of these sludges were 

analyzed at" least weekly for the parameters listed in Table 7 ~ . 

The data collected from the stored lagoon sludge samples over a period 

of approximately 200 days were analyzed using linear regression to determine 

the relationship between the parameters and storage time. For total solids 

(TS), these observations indicate that the data are scattered and no signifi

cant change in any of the lagoon sludge TS concentrations o~cur.red .over a 

storage period greater than 200 days at a temperature of approximately 4°C 

(39.2°F)~ HoWever, VSconcentradon decreased slightly from 64.4 to 61.5 gIL 

over 265 days for Corinne, and from 61 ~Oto'54.4 gIL over 220 days for Pal

mer. A llnearregtessionanalysis 'showed only a poor linear relationship be

tween' storage time and the' reduction in VS. 

Table 9 gives results of some additional testing done on ratios of vola-

. tile to total sOlids for the Logan and Palmer Lagoons. These lagoons were 

piCked as being representative of facultative and aerated lagoons. If degra

dation of accumulated sludge is taking place, the ratio of volatile to total 

solids should decline over time. Coefficients of determination indicate only 

weakcorr~19tion, but it is interesting to note that the average volatile to 

total s()1ids, ratio overtime is very close to the values shoWn in Table 2 for 

freshsludge~ Figures 17 and 18 show graphically the weak correlation, but 

also very little variation over time, indi.cating that the volatile fraction 

of the accumulatedslu4ge was undergoing little or no degradation. These 

figures are representative of plots for all parameters except fecal coliform. 

~emost significant change in any of the parameters over time occurred 

in the fecal coliformco.ncentrations. A significant decrease in fecal coli

fOrm concentrations occurred in allfollr lagoon sludges. This decrease fol

lowed first-order kinetics and suggests that the freshly deposited solids are 
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Table 9. Ratios of volatile to total solids for the Logan 
and P alme r lagoons. 

Logan 

Palmer 

Initial Average 2 Slope Intercept r 

69.1 66.4 0.079 -0.015 

69.3 67.4 0.461 :"'0.202 

• •• ••• 
70r·~·~·e'~~~·~~·~~·~';~-; ________ ~· vs • TS' Ii ••••••• .; •• 

(%)60 

y=70.6-0.029X 
rZ=0.465 

Figure 17. Ratio of volatile to total 
solids over time for the Logan lagoon • 

VS 
TS 

'(%)'" 
60 

• 

• 
.. .. 

• . -. .' • ••• . ..... . 
y= 68.2-0.013X 

time (days) 

• • 

.' . 
• • 

• 
••• 

• 

280 

Figure: 18. ,Ratio of, volatile to total 
solids ov~r,time for the Palmer lagoon. 

27 

68.2 

71.2 



responsible for fecal coliform in the accumulated sludge. Without a replen

ishing source, the fecal coliform bacteria die off over time even at 4°C. 

The 4°C (39.2°F) storage temperature is very close to the temperature at 

which water exhibits maximum density. In cold climate lagoons such tempera

tures will be experienced soon after the fall thermal overturn, and just be

fore surface ice formation commences. It is then very unlikely that the bot

tom temperature will exceed 4° C (39.2°F) until ice melt and the spring ther

mal overturn. As a result this is the warmest temperature reached by the 

bottom sludges during the winter months in both Alaska and Utah as well as 

similar locations. In Alaska and in more extreme locations, this condition 

may persist for at least 9 to 10 months and the bot.tom sludges will never 

reach the 19°C t.emperatures considered necessary for effective in-situ stabi

lization. 

As indicated above, the test data obtained during the 200+ day storage 

period demonstrates little or no change or reduction in the organic solids 

present in the sludge samples (no significant change for Alaskan sludges and 

5 to 11% reduction in volatile solids for Utah sludges). If it is assumed 

that these stabilization rates are a function of temperature, that the 

Alaskan lagoons attain a bottom temperature of about 12°C for 2 months each 

summer and that the Utah sludges remain at 19°C for 5 months each summer, it 

is possible to estimate potential accumulation rates for each case. Assume 

further that no solids escape in the effluent. 

Let X = suspended solids (mg/L) at Utah lagoons input each month. Data 

show that 3X = suspended solids in the raw wastewater at Alaska lagoons. 

Annual input: Utah = 12X 

Alaska = 36X 

Winter decomposition in Alaska = O. 

So: winter accumulation = (10)(3X) = 30X. 

Summer decomposition in Alaska = (X%/12°C = 100%/19°C) 63%. 

Net summer accumulation = 2(3X) (0.37) = 2.2X 

Total annual potential accumulation = (30 + 2.2)(X) = 32.2X. 

32.2 --= 36X 
So: 89% of the solids added to an Alaskan lagoon have the 

potential to remain in the sludge layer. 

For Utah: winter decomposition '" 8% 

winter accumulation = (7)(0.92)(X) 6.44X 

summer decomposition = 100% 
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So: 
6.44 
--= 

12 54% of solids added can potentially stay in the sludge 
layer. 

Thus sludge can accumulate in Alaskan lagoons at rates up to 65% greater than 

in a northern temperate zone: 

...:..( 0_._8_9 _-:-:-._O~. 5_4-,-) - ( 10 0) = 65%. 
0.54 

The aeration tubing in the Alaskan lagoons is not believed to have had 

any significant effect on the settled, accumulated sludge deposits because of 

the incomplete mixing experienced in such systems. A comparison of the type 

shown above between the Alaskan and Utah cases should, therefore, be valid. 
I 

The sludge production during the winter in the aerated lagoons in Alaska 

would probably be higher than in the ice-covered facultative lagoons in Utah 

due to the maintenance of aerobic biological reactions in the former case. 

As a result, the accumulation rate for the Alaskan situation should be even 

higher than the 72% calculated above. 

Aerobic and Anaerobic Digestion Tests 

Bench-scale digestion studies were conducted in order to examine the 

aerobic and anaerobic digestion kinetics of the lagoon sludges. None of the 

basic kinetic relationships commonly used in wastewater calculations were ap

plicable to either the aerobic or anaerobic digestion test data. Additional 

experimental work will be required for the development of a practical mathe

matical model that will be generally applicable for prediction of stabiliza

tion and accumulation of lagoon sludges. The gas production rates observed 

during these studies confirmed that the sludge samples were initially unsta

bilized and similar in character to primary· sludge. 

Lime Stabilization and Land Application 

The lime [Ca(OH)2] doses required to raise the pH value of the lagoon 

sludges to 12.5 and maintain it at that level for 30 min are presented in 

Table 10. The initial pH value of each sludge was approximately 6.5. The 

lime requirement for the Galena sludge is considerably higher than that for 

the other sludges due to the lower solids concentration in the Galena sludge. 

Dosing requirements on a milligram Ca(OH)2/gram TS basis are valid only for 

sludges with equal solids concentrations; this method of expressing chemical 

dose is useful in comparing various chemical treatments for a specific 

sludge. An expression in terms of g Ca(OH) 2/L of wet sludge is more informa-
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Table 10. Ca(OH)2 dose 'required to raise sludge pH value to 12.5 and 
maintain the pH at 12.5 for 30 min. 

Lagoon sludge 
Parameter Logan CO'rinne ' Palmer' Galena 

Initial pH 6.2 6.7 6.2 6.5 

Final pH" 12.6 12.6 12.6 l2.5 

, 1S (nig/L) 51,200 76,600 88,400 10,000 

mg Ca(OH)2/g TS 270 180 241 1500 
gCa(OH) i./L 13.8 13.8 21.3 15.0 
of wet sludge 

tive when comparing different sludges. The grams of Ca(OH)2 per liter of wet 

sludge required to meet the pH conditions previously stated are reasonably 

close for the four lagoon sludges. The mean lime dose was 16.0 g Ca(OH) 2/L 

[0.12 Ib ca(~Hh/gai] of wet sludge and the standard deviation is 3.6 g 

Ca(OH)2/L [0.03 lb Ca(OH)2/gal.] of wet sludge. Typical lime dose require-
" " 

ments to adjust and maintain the pH value at 12.5 for various types of sludge 

range from 120 to 300 mg Ca(OH)2./g TS [0.12 to 0.30 lb Ca(OH)2./lb TS] (EPA 

, "'1978b) or from approximately 4 to 10 g Ca(OH)2/L [0.03 to 0.08 lb Ca(OH)2./ 

gal] of wet sludge (EPA 1979). 

The destruction of pathogens is directly related to the pH value of the, 

stabilized sludge. For adequate pathogen destruction, the pH value of lime-

" tr~ated sludg~ should be maintained at values near 12.0 for nearly 2 hr 

(Doyle 1967). The decrease in pH value with time over a 20-day period for 
, ' 

the lime-treated Logan, Co~inne, Palmer, and Galena sludges is presented in 

Table 11. The largest decrease in pH (one pH unit)' occurred ,in the Corinne 

siudge during the 20-day period of study~ Nineteen days following the appli-: .. 

cati~n, 'fecal coliform concentrations in the leachatesfrom limed sludges 

applied to both sand and soil bed~ were less than 100 counts/100 mL. The 
.: ',' . 

fecal colifO'rm cortcentrations remained at undetectable levels in the liquid 

, "',' clraini'ng from the sand alld soil beds even though the pH of the liquid (leach-
. . . : . . . . 

ate) stabilized at about 6.0 for all four lagoon leachates. 
, ," . 

The decline in sludge thickness over time for the four lagoon sludges 

applied to the sand and soil beds is shown in Tables 12 and 13. The changes 

in moisture content with time in the sludges applied to the sand and soil 

, beds areshoWIi in Tables 14 and 15. These four tables provide an indication 

'6f thedewaterabiiity of the lagoon sludges. 
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Table 11. Change in pH value with time for 
lime treated sludge. 

Elapsed 
. time 
(days) Logan 

pH 
Corinne Palmer Galena 

o 
1 
2 
5 

10 
20 

12.6 
12.2 
12.4 
12.1 
12.3 
12.0 

12.6 12.5 
12.1 12.1 
12.3 12.4 
12.2 12.3 
12.2 12.3 
11.6 11.8 

12.5 
12.1 
12.4 
12.1 
12.1 
12.0 

Table 12. Change in sludge thickness 
with time for sludges applied to sand 
beds. 

Sludge thickness (cm)* 
Elapsed 

time 
(days) Logan Corinne Palmer Galena 

o 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

* Applied 

8.5 13.2 
6.0 11.6 
6.0 10.1 

8.8 
7.5 
7.2 
6.6 
5.6 
5.6 

sludge depth = 

31 

15.5 
14.2 
13.2 
12.6 
12.0 
11.3 
10.7 
10.1 
9.7 
9.1 
8.8 
8.2 
7.8 
7.8 
7.7 
7.5 
7.5 

18.0 cm. 

1.5 
1.5 
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Table 13. Change in sludge thickness 
with time for sludges applied to soil 
beds. 

Elapsed 
time Sludge thickness (cm)* 

(days)" Logan Corinne Palmer Galena 

0 
" 

1 6.5 5.6 7.8 1.1 
2 2.7 4,.9 6.8 1.1 
3 2.7 3.6 6.5 
4 3.3 5.9 
5 3.0 5.6 
6 3.0 5.6 

*Applied sludge depth = 10 cm. 

Table 14. Change in moisture content 
Of lime treated' sludge over time for 

. sludges applied to sand beds. 

Moisture content (%) 
Elapsed 

time 
(days) Logan Corinne Palmer Galena 

0 93.4 
5 70.4 

11 67.2 
15 67.2 
20 64.0 

90.8 

66.4 
66.4 
60.1 

87.4 97.0 
-- 70.6 

70.6 
70.6 

66.2 69.2 

Table 15. Change in moisture content 
of lime treated sludge over time for 
sludges applied to soiL beds., 

Moisture content (%) 
Elapsed, 
,time ' 

(days) Logan Corinne Palmer Galena 

o 93.4 
5 72.6 

If '70.3 
15 70.0 
20 67.7 

90.8 
69.0 
66.1 
62.0' ' 
62.0 
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63.9 
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The lime-treated Corinne sludge reached a stable depth after nine days 

the sand beds and six days on the soil beds. These drying periods for 

Corinne sludge are significantly longer than the three days required for the 

Logan sludge to achieve a stable depth on both sand and soil. The different 

dewatering periods may be related to the dissimilar sludge TS concentrations 

of Logan and Corinne. The longer dewatering period required for the Corinne 

sludge to reach a stable depth resulted in lower moisture content of 60.1 and 

52.0% for the sand and soil beds, respectively. The final Corinne sludge 

moisture content was 4 to 5% 10w~r than that obtained for the Logan sludge 

during a 20-day drying period. The final sludge thicknesses for both Logan 

and Corinne were comparable at roughly 4 and 3 cm for the sand and soil beds, 

respectively. 

Although the Palmer sludge required nearly twice the time on the sand 

beds as on the soil beds to reach a stable depth, the moisture contents of 

the sludge on the sand and soil beds were comparable at the end of 20 days. 

In fact, all of the sludges on both the sand and soil beds were reasonably 

close in moisture content with a mean of 65.2% and standard deviation of 

3.3%. The 7.5- and 5.6-cm final sludge thicknesses on the sand and soil 

beds, respectively, are due primarily to the higher TS concentration in the 

Palmer sludge. 

These data support findings reported by several researchers and dis

cussed earlier. The high pH induced by the addition of Ca(OH)2 to the waste

water lagoon sludges resulted in reduction of fecal coliform bacteria concen

trations from about 10 5 counts per 100 mL to less than 100 counts per 100 mL. 

This reduction in fecal coliform concentrations was evident in the leachate 

from the sand or soil drying beds as well as in the lime-treated sludge. 

Application of these data to sludges accumulated at isolated lagoon 

sites may provide an economical and easily used approach for sludge disposal. 

Applying the lime-treated sludges to sand or soil drying beds produces a ma

terial nearly free of fecal co1iforms, and a moisture content of about 60% 

after 20 days at l2°C (53.6°F). The problem of ultimate disposal remains, 

but is considerably eased. Options for ultimate disposal include 1andfi11-

ing, 1andspreading, and incineration with solid waste. 

Summary of results 

The accumulation of solids in wastewater lagoons is a function of sever

al different parameters and, as such, tends to be site specific. Solids ac-
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cumulation seem to be more severe in colder regions. Design of wastewater 

lagoons should include consideration of sludge accumulation rates in lagoons 

operated in similar climates and under similar conditions to those of the la

goon system being planned. An occasional survey of the pond bottom of opera

tinglagoons would provide information on the extent of sludge accumulation 

and on the potential impact on overall system performance • 

. The characteristics of the lagoon sludges studied are similar in many 

ways to those of undigested primary sludges. When stored at 4°C (39.2°F) for 

longer than 200 days,the lagoon sludges were not modified significantly ex

cept for fecal coliform concentrations. The change in concentrations of de

gradable organic material during the cold storage period was generally of 

little consequence,although some change did occur in the samples from the 

Utah lagoons. 

The treatment and disposal of accumulated sludges removed from waste

water lagoons can be accomplished by lime addition and air drying on sand and 

soil beds. Lime doses sufficient to raise sludge pH to 12.5 effectively re

ducedfecal coliform concentrations in the sludges and in leachate from the 

drying beds to less than lOa/lOa mL. The sludge applied to the drying beds 

reached a moisture content of about 60% in less than 20 days at 12°C 

(53. 6°F). The dried sludge was easily handled and suitable for ultimate dis

posal by landf illing , spreading, or incineration. 

CONCLUSIONS 

The sludge layer in selected wastewater lagoons was examined to deter

mine accumulation rate, accumulated sludge characteristics, and stabiliza

tion. Also, a brief analysis of lime stabilization and subsequent applica

tion to sludge drying beds was performed. Conclusions are presented individ

ually for the four major phases of the study. 

Accumulation 

1. The mean sludge depth in the Logan and Corinne, Utah, lagoons was ap

proximately 8 cm (3.1 in.). The mean sludge depth in the Palmer and 

Galena, Alaska, lagoons was approximt ely 30 cm (11.8 in.). The Alaska 

lagoons had at ·least three times more total solids (TS) in the influent 

than the Utah lagoons. The greatest solids deposition occurred near the 

inlet. Organic matter was a significant contributor to sludge accumula-

tion. 
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2. Approximately equal sludge depths occurred for lagoons of the same type 

with similar climate, although the operational periods of the lagoons 

varied by several years. 

3. The annual sludge accumulation rates estimated from sludge depth and 

operation period were as follows: Logan, 0.68 cm; Corinne, 0.84 cm; 

Palmer, 6.7 cm; and Galena, 3.5 cm. 

4. The accumulation pattern of the bottom sludge in the four lagoons stud

ied reflects location of inlet and outlet structures and the configura

tion of the lagoon. The long narrow lagoon (Palmer) shows less evidence 

of short-circuited flow than the square configuration (Galena). 

5. Some conversion of solids to a gas or liquid byproduct has o~curred in 

the Utah lagoons. A mass of solids equivalent to approximately 23% of 

the estimated deposited sludge remains in the Logan lagoon, while a mass 

equivalent to approximately 59% of the deposited sludge remains in the 

Corinne lagoon. Loss of solids in the effluent is likely to have oc

curred in the Galena lagoon, with only 3.6% of the potential deposited 

sludge remaining. A mass of solids essentially equal to the estimated 

sludge mass deposited in the Palmer lagoon appears to have remained in 

place. 

Characterization 

1. The TS concentrations in the Logan, Corinne, and Palmer sludges were all 

similar to the upper li)llit of reported values for primary sludge. The 

concentrations (giL) of TS in the Logan, Corinne, and Palmer sludges 

were 58.6, 76.6, and 85.6 giL, respectively. The Galena sludge TS con

centration of 9.8 giL was radically different from the concentrations in 

the other three sludges. 

2. The Logan, Corinne, Palmer ,and Galena sludge volatile solids (VS) con

centrations (giL) were 40.5, 61.5, 59.5 and 4.8, respectively. As a 

percentage of TS, these figures are 69.1,80.3,69.3 and 48.9, respec

tively. 

3. The pH values for the Logan, Corinne, Palmer, and Galena lagoon sludges 

were approximately 6.7. 

4. The fecal coliform concentrations for the Logan, Corinne, Palmer, and 

Galena lagoon sludges were all similar (10 5 counts per 100 mL). The 

lagoon fecal coliform concentrations were from 10 3 to 10 5 times lower 

than those reported for primary sludges. 
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5. The decrease in fecal coliform concentrations in the stored Logan, 

Corinne, Palmer, and Galena lagoon sludges followed first-order kinet-

ics. 

6. The (!hallge in the Logan, Corinne, Palmer, and Galena lagoon sludge TS 

concentrations over approximately 200 days of storage at 4°C (39.2°F) 

was essentially undetectable (95% confidence level). For the same 

storage period and temperature, the Logan, Corinne, and Galena lagoon 

sludge VS concentrations experienced no change at the 95% confidence 

level. The Palmer lagoon sludge VS concentration underwent a statis

tically significant (95% confidence level) decrease (12%) over the 

,200-day storage period at a temperature of 4°C (39 .2°F). 

7. The changes that occurred in the characteristics of the lagoon sludges 

during storage indicate that the sludges were not stabilized but, 

rath,er" are similar to primary sludge. 

Lime Stabilization and Land Application 

1. The mean lime dose required to raise the pH from approximately 6.5 to 

apprbximately 12.5 and maintain a pH of 12.5 for 30 min in all four 

sludges was 16.0 g Ca(OH)2/L [0.12 lb Ca(OH)2/gal.] of wet sludge with 

a standard deviation of 3.6 g Ca(OH)2/L [0.03 lb Ca(OH)2/gal.] of wet 

sludge. 

2. Following a 20-day drying period on sand and soil beds, the pH value 

of the lime-stabilized lagoon sludges dropped less than one pH unit. 

3. Fecal coliform concentrations were reduced to undetectable levels in 

the lime-stabilized lagoon sludge s. 

4. The fecal coliform concentration in the liquid passing the sand and 

soil beds remained at undetectable levels over the 20-day sampling 

period with the liquid pH value near 6.0 for the 20-day period. 

5. Although sludge drying occurred at different rates among the four 

sludges, at the end of the 20 .... day sampling period the mean sludge 

moisture content was 65.2% for all four lagoon sludges on both the 

sand and soil beds. The standard deviation of the sludge moisture 

content at the end of the 20~day period was 3.3%. 

6. Lime treatment of sludges removed from lagoons will eliminate patho

gens and odors so that the sludges are safe and aesthetically accept

able to handle and transport for land application or other disposal 

methods. 
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