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1.0 INTRODUCTION 
 
1.1. Scope of Work 
 
The Government of Nunavut (GN), Department of Community and Government Services (CGS) 
retained Dillon Consulting Limited (Dillon) to conduct a Comprehensive Performance 
Evaluation (CPE) of the Pangnirtung Waste Water Treatment Plant (WWTP).  The scope of 
work for the CPE is described in Dillon’s proposal to CGS, dated December 21, 2006.  The 
Scope includes a review of plant operation in the following areas: 

• Operation, 
• Design, 
• Maintenance, and 
• Administration. 

 
The intent of the CPE is to provide the following: 

• Identify performance limiting factors, 
• Prioritize performance limiting factors, 
• Assess the approach to improve performance, and 
• Produce a detailed CPE Report for discussion. 

 
This report summarizes the CPE results and recommendations.  An optimization strategy will be 
developed for the plant once the contents of the CPE report are reviewed and accepted by the 
GN.  The optimization report will be provided under a separate cover. 
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2.0 PROCESS OVERVIEW 
 
2.1. Process Overview 
 
The Pangnirtung WWTP was constructed in 2003 and operates according to the following 
philosophy, as depicted in Figure 6: 

• Raw sewage is received into a 7.5 m3 receiving tank. 
• Raw sewage is pumped through an IPEC Model IFU 3036 rotary screen into a 7.5 m3 

screened sewage receiving tank.  Potable water is used to rinse the screen. 
• Screened sewage is pumped into a 189 m3 aerated equalization tank.  Aeration is 

provided by 71/2 hp Sutorbilt Model 4HVP positive displacement blowers. 
• Wastewater from the equalization tank is transferred into the treatment train consisting of 

an aerated reactor basin followed by a secondary clarifier.  There are two treatment trains 
in parallel.  Aeration is provided by a 5 hp Sutorbilt Model 3MVP positive displacement 
blower. 

• Overflow from the clarifier exits the plant. 
• Scum collected by the scum pumps in the clarifiers is directed to the equalization tank. 
• Sludge from the clarifiers is directed to the 75 m3 aerobic digester.  Aeration is provided 

by a 5 hp Sutorbilt Model 3MVP positive displacement blower. 
• Sludge from the digester is directed into an Envirodyne 12 bag sludge bagger. 
• Decant from the digester is returned to the screened sewage tank. 
• Filtrate from the sludge bagger is returned to the screened sewage tank. 
• Bagged sludge is manually transferred to a loader bucket and disposed at the landfill. 

 
The plant was operated by setting the pumping rate to allow the equalization tank to fill to nearly 
full throughout the day, and then pump to almost empty by the start of the following day. 
 
The WWTP was originally conceived as a rotating biological contactor (RBC) and three rotating 
cages filled with Geoform media balls were located in each of the reactors.  Mechanical and 
operational difficulties were experienced with the rotating cages, and the plant operating 
philosophy was modified.   
 
The plant treatment philosophy was modified towards an activated sludge system.  The rotating 
cages were removed, but a quantity of geoform media balls were left floating on the reactor basin 
in an effort to provide a surface that would promote biological growth. 
 
Almost all sludge from clarifiers was wasting to the digester and very little sludge was recycled 
from the clarifier to the head of the treatment train.  Note that an activated sludge system relies 
upon recycling a portion of the sludge, which contains a mixture of new and old bacterial cells, 
to treat the wastewater. 
 
2.2. Sequence of Operation 
 
The sewage trucks discharge into the sewage-receiving tank where level activated pumps transfer 
the raw sewage too the sewage screen. The screen removes the large, non-organic items such as 
plastics, etc and allows the screened sewage to flow into the screened sewage side of the tank. 
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Screened sewage is pumped into the flow equalization tank where it is aerated.  Float switches 
control both the raw sewage and screened sewage pumps.  High-level alarms, also controlled by 
float switches, are present in both the raw sewage and screened sewage tanks. 
 
The aerated sewage is slowly pumped from the equalization tank to the activated sludge 
bioreactors at an adjustable, constant rate. The two progressing cavity feed pumps are controlled 
by VFDs in the main control panel and an ultra-sonic sensor prevents these pumps from running 
dry. 
 
After passing through the bioreactors, sewage mixed with activated sludge flows into the final 
clarifiers where microorganisms and bacteria will settle to the bottom as sludge. Any lighter 
material such as fats, greases and dead microorganisms will float on the surface of the clarifiers 
as scum. Timer controlled sludge pumps and scum pumps transfer the sludge and scum away to 
the sludge digester and the equalization tank, respectively. The overflow from the final clarifiers 
flows through the outlet flow meter and then to the ocean. 
 
The sludge is pumped to the sludge digester tank where it is continuously aerated and the sludge 
is further digested. The operator can thicken the sludge by decanting water back to the screened 
sewage tank. The sludge pumped to the sludge bagger where the sludge is dewatered by adding 
polymer and then letting the sludge sit in de-watering bags. Filtrate from the de-watering bags is 
returned to the screened sewage tank.  The sludge bags are then land filled. 
 
All of the process equipment for the plant (except for the IPEC screen) is controlled at the main 
control panel. The main logic PLC is located in this panel as is the alarm modem. 
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3.0 PANGNIRTUNG WASTE WATER TREATMENT PLANT PERFORMANCE 
EVALUATION (JANUARY 2007) 

 
The current Wastewater Treatment Plant process flow schematic is provided on Figures 6 and 8. 
 

3.1. Influent Wastewater Characteristics 
 

A summary of the composite influent wastewater characteristics is presented in Table 1. 
 

Table 1:  Pangnirtung WWTP, Influent Wastewater Characteristics 
 

Parameters 
 

Unit Range 
[min – max] 

Average 

Flow Rate 
Jan-Dec 2006 

m3/d 24 - 316 130 

Flow Rate 
January 2007 

m3/d 85 - 192 140 

BOD5 
Year 2004-06 

mg/L 150 - 1280 515 

Suspended Solid 
Year 2004-06 

mg/L 136 - 630 412 

Ammonia Nitrogen 
January 2007 

mg/L 24 - 154 40 

Total Phosphorus 
January 2007 

mg/L 12 -54 25 

 
Complete operational data tables are provided in Appendix A. 
 
3.2. Effluent Quality Criteria  
 
Effluent quality is regulated in the Hamlet of Pangnirtung’s Water Licence, number 
NWB3PAN0207.  Part D of the licenced specifies that all effluent discharged from the Sewage 
Treatment Facility at “Monitoring Program” Station Number PAN-3 shall meet the effluent 
quality standards shown in table 2.  
 

Table 2:  Effluent Quality Limits for the Pangnirtung WWTP 
 
Parameter 
 

Maximum Average 
Concentration 

Fecal Coliforms 
BOD5 
Total Suspended Solids 
Oil and grease 
pH 

1000 CFU/100 mL 
120 mg/L 
180 mg/L 

No visible sheen 
Between 6 and 9 

 
 
3.3. Effluent Wastewater and Process Characteristics 
 

The characteristics of the wastewater at various points during the treatment cycle were monitored 
during the period of January 15 to January 23, 2007.  The monitoring data are summarized in 
Table 3. 
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Table 3:  Analytical Data – Pangnirtung WWTP Process Characteristics, 

Validation Period January 15/2007 – 23/2007 
 

Parameters 
 
 

Influent 
Avg. 
(Min.-
Max) 

EQ Tank 
Avg. 

(Min.-Max) 

Biotrain#1 
Avg. 

(Min.-Max) 

Biotrain#2 
Avg. 

(Min.-Max) 

Effluent 
Avg. 

(Min.-Max) 

Digester 
Avg. 

(Min.-Max) 

 
TSS 
[mg/L] 
 

 
400 

(136-
530) 

 
1620 
(930-
2060) 

 
1670 

(1540-
2190) 

 
1650 

(1600-
2280) 

 
125 

(30-500) 

 
10000 
8800-
13000 

 
Sludge 
Settling 30min  
[ml/L] 

 
N/A 

 
740 

(400-980) 

 
950 

(800-990) 

 
960 

(860-990) 

 
25 

(10-170) 

 
990 

(970-1000) 

 
Ammonia 
Nitrogen 
[mg/L] 

 
40 

(24-62) 

 
N/A 

 
N/A 

 
N/A 

 
21 

(12-28) 

 
N/A 

 
Nitrate  
Nitrogen 
[mg/L] 

 
0.1 

(0.0-0.3) 

 
N/A 

 
N/A 

 
N/A 

 
15 

(6-34) 

 
N/A 

 
Phosphorus 
[mg/L] 
 

 
25 

(12-54) 

 
N/A 

 
N/A 

 
N/A 

 
9.5 

(5-17) 

 
N/A 

 
Dissolved 
Oxygen  
[mg/L]  

 
N/A 

 
2.4 

(1.7-3.8) 

 
0.6 

(01-1.0) 

 
0.4 

(0.1-0.8) 

 
0.1 

(0.0-0.2) 

 
0.3 

(0.0-0.5) 

 
Temperature 
[C deg.] 
 

 
8 

(6-11) 

 
14.5 

(12-17) 

 
16 

(14-18) 

 
16 

(14-18) 

 
17 

(16-18) 

 
20 

(19-21) 

 
Sludge 
Volume Index  
[ml/g] 

 
N/A 

 
340 

(280-500) 

 
450 

(360-800) 

 
460 

(370-800) 

 
N/A 

 
N/A 

 
BOD5 [mg/L] 
 

 
978 

    
45 

 

 
Faecal 
Coliforms 
(cts/100 ml) 

     
8,400 

 

 
Note, BOD5 and faecal coliform data were not collected over the course of the week since field 
laboratory equipment for these parameters was not available.  The BOD5 and faecal coliform 
information in Table 3 was determined from an effluent grab sample collected on January 20, 
2007. 
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The water licence requires monthly sampling from monitoring station PAN 3.  Monthly 
monitoring per the licence requirements was not available, so historical effluent monitoring data 
available for the plant are summarized in Table 4.  Complete analytical information for the 
influent and effluent grab samples collected on January 20, 2007 is included in Appendix B.  The 
influent sample was collected from PAN-1 and the effluent sample was collected from PAN-3.  
Note the samples collected on January 20, 2007 were not analyzed for all the parameters 
specified in Part-H of Water Licence NWB3PAN0207.  Rather the January 20, 2007 samples 
were analyzed for parameters critical to assessing plant operation. 
 

Table 4. Pangnirtung WWTP, Effluent Analytical Data 
 

Sample Date BOD5 TSS 
Effluent 26-Aug-04 28 54 
Effluent 27-Aug-04 31 191 
Effluent 28-Aug-04 12 30 
Effluent 29-Aug-04 4 40 
Effluent 30-Aug-04 5 40 
Effluent 31-Aug-04 63 76 
Effluent 3-Sep-04 5 54 
Effluent 4-Sep-04 7 94 
Effluent 5-Sep-04 8 58 
Effluent 6-Sep-04 7 62 
Effluent 7-Sep-04 6 94 
Effluent 11-Sep-04 11 44 
Effluent 12-Sep-04 11 63 
Effluent 13-Sep-04 13 110 
Effluent 14-Sep-04 8 42 
Effluent 15-Sep-04 15 27 
Effluent 16-Sep-04 13 91 
Effluent 18-May-05 102 60 
Effluent 23-May-05 70 62 
Effluent 3-Nov-05 47 110 
Effluent 7-Dec-05 60 48 
Effluent 7-Feb-06 69 48 
Effluent 28-Jun-06 65 65 
Effluent 27-Sep-06 181 41 
Effluent 28-Nov-06 39 50 
Effluent 20-Jan-07 45 35 
 Mean 36 65 
 Max 181 191 
 Min 4 27 
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4.0 CURRENT PROCESS UNITS PARAMETERS 
 
4.1. Contaminant Concentrations 
 

BOD5       515 mg/L BOD5 
TSS       412 mg/L TSS 
NH3-N       40 mg/L 
Total Phoshpate (TP)     25  mg/L 

 
4.2. Hydraulic Load 
 

Average day flow     130 m3 
Maximum day flow     316 m3 
Maximum hour flow     30 m3 
 

4.3. Contaminant Load 
 

Average day organic load (BOD5)   67 kg BOD5/d 
Maximum day organic load (BOD5)   163 kg BOD5/d 
Average day solids load (TSS)   53 kg/d TSS 
Maximum day solids load (TSS)   130 kg/d TSS 

 
4.4. Influent Receiving Tank 
 

Total Volume      7.5 m3 
Operating volume     6.5 m3  
Number of pumps     2 
Pump Capacity     200 UGM @ 7-ft TDH 
Power       1½ hp 
 

4.5. Screened Sewage Tank  
 

Total Volume      7.5 m3 
Operating volume     6.5 m3  
Number of pumps     2 
Pump capacity      200 UGM @ 21-ft TDH 

 
4.6. Influent Equalization Tank 
 

Dimensions       7.6 m dia. x 4.1 m H 
Maximum operation volume    183 m3 
Minimum operation volume    45 m3 
Number of EDI model 84P coarse bubble diffusers 6 
Number of blowers     2 (1 duty, 1 stand by) 
Capacity of Air     150 CFM @ 7-psi 
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4.7. Bioreactor Feed Pumps 
 

Number of pumps (progressing cavity)  2 
Pump capacity      7.2 m3/h @ 1200 RPM 
Power       2 hp 

 
4.8. Bioreactor – Activated Sludge Process 
 

Number of tank     2 
Total volume tanks     27.6 m3 
Volume of one tank      13.8 m3 
Dimensions L x W x H    5.48 x 2.74 x 0.92 m 
HRT @ avg. day flow     5 hours 
HRT @ max. day flow    2 hours 
MLSS       1200 mg/L 
SVI       800 ml/g 
SRT       1-2 days 
F/M avg. day organic load    2 g BOD5/g MLSS 
Number of blowers     1 per 2 tanks 
Capacity of Air     70 CFM @ 7 psi 
Number of EDI model 84P coarse bubble diffusers 9/tank 
Power       5 hp 

 
4.9. Clarifier 
 

Number of tank     2 
Total volume tanks     53 m3 
Total clarifier area     18.2 m2 
Volume of one tank     26.5 m3 

 Tank depth      3.5 m 
HRT @ avg. day flow     9.8 hours 
HRT @ max. day flow    4.0 hours 
 

4.10. Scum Pumps 
 

Number of pumps (submersible)   4 (2 per clarifier) 
Maximum Pumping Capacity    16 m3/h 
Power       ½ hp 

 
4.11. Wast Activated Sludge/Return Activated SludgePumps 
    

Number of pumps (progressing cavity)  4 (2 per clarifier) 
Pump capacity      2.0 m3/h 
Power        ½ hp 
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4.12. Aerobic Digester 
 

Dimensions      5 m dia x 4.1 m H  
Tank maximum operation volume   75 m3 
Number of blowers     1 
Capacity of Air     70 CFM @ 7 psi 
Number of EDI model 84P coarse bubble diffusers 5 
Concentration sludge     1 – 1.3% solid 
 

4.13. Sludge Dewatering System 
 

“Envirodyne” sludge bagger    12-bag station  
Sludge pump      6 m3/h 
Polymer make-up unit and control panel  150 L mix. tank 
Filtrate return sump pump    3.5 m3/h 

 Volume dewatered sludge (12 x 80 L)  960 L 
 Concentration dewatered sludge   10% solid 
 Number of cycles per week    1 – 2 
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5.0 WASTEWATER FACILITY PROCESS MODIFICATION - ACTIVATED 
SLUDGE TREATMENT 

 
The treatment process at the Pangnirtung WWTP has been modified from an RBC to activated 
sludge.  However, the modified plant did not include all the elements required for the activated 
sludge process.  An overview of the activated sludge process is provided in the following section 
to provide background for the discussion of operational issues in Section 6 and process 
modification recommendations in Section 7. 
 
5.1. Process Description 
 
The activated sludge process involves blending wastewater with a culture of microorganisms into 
a fluid called "mixed liquor".  This mixed liquor is passed through an aeration tank which must 
provide an adequate oxygen source for the type of activated sludge process selected and to mix 
the "mixed liquor".  The microbes eat (stabilize) the organic waste in the water, and the number 
of microbes increases.  The solids and microbes are separated from the wastewater being treated 
in a clarifier. 
 
The conversion of biochemical oxygen demand (BOD) into a microbial culture means that 
excess microbes must be removed (wasted) from the process, in what is termed waste activated 
sludge (WAS). In addition, a large portion of the microbes is returned to the aeration basin as 
return activated sludge (RAS), to keep the cycle going.  The process mode design is selected to 
meet the process goals: 
 

a) BOD removal, and 
b) Conversion of ammonia into nitrate (nitrification). 

 
5.2. Design Criteria 
 
The primary design criteria for the activated sludge process include: 
 

• The organic loading rate; 
• The selected food (CBOD) to microorganism (F/M) ratio and the corresponding solids 

retention time (SRT) or mean cell resident time (MCRT); 
• The hydraulic detention time of the wastewater being treated in the aeration basins; 
• Aeration blower capacity, oxygen uptake rate of the mixed liquor, and type of diffuser; 
• Aeration tank depth – to facilitate oxygen transfer; 
• The secondary clarifier design criteria:  hydraulic, and solids surface loading rates and 

minimum depth; 
• Waste activated sludge (WAS) and return activated sludge (RAS) design parameters; and 
• Wastewater treatment stream characteristics. 
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5.3. Return Activate Sludge Operational Controls 
 
Return activated sludge modes of operation include: 
 

• Constant flow rate: the return activated sludge (RAS) is pumped from the secondary 
clarifier(s) back to the aeration basin(s) at a constant flow rate disregarding all other 
process variables. 

• Raw wastewater flow paced: the RAS is returned to the aeration basins according to a 
rate that is proportional to the incoming wastewater to be treated.  Usually this means that 
as the wastewater flow increases, the flow rate of the return activated sludge is increased 
at a preset proportional rate. 

 
It is very important to maintain the selected quantity of microorganisms in the aeration basin and 
clarifier (SRT or MCRT).  This is accomplished by removing (wasting), on a daily basis, a 
volume of sludge from the system equivalent to each day’s growth of microorganisms, as what is 
called waste activated sludge. The wasting of the excess microbes from the process is the most 
important process variable, as it affects all of the other variables. 
 
5.4. Wasting of Activate Sludge  
 
Generally speaking, approximately 0.5 to 0.85 kg of microorganisms is created for every kg of 
BOD entering the process.  The excess microbes must therefore be wasted from the system to 
prevent excess solids accumulation in the clarifiers. 
 
Wasting of activated sludge is achieved using one of two methods: 
 

• Constant flow rate: the wasting rate of the activated sludge is constant over the entire day, 
based upon the number of dry pounds of activated sludge that need to be wasted to hold a 
specific MCRT or SRT, or 

• Batch wasting rate: treatment processes that have a high MCRT or SRT, may waste 
solids from their system in small batches daily, or once per day. This is usually 
recommended, and has provided satisfactory results for many small facilities. 

The most effective method for determining the wasting rate for the Pangnirtung WWTP is as 
follows: 

- Calculate the SRT or MCRT at least daily, 
- Set the wasting rate of activated sludge on a five-day or seven-day running average. 

This helps to stabilize swings in the number of kg of microbes in the system.  

5.5. Dissolved Oxygen Concentration 
 
The microorganisms require dissolved oxygen in the water in order to carry out their metabolic 
processes, and to stabilize the organics (CBOD) in the wastewater.  There must be sufficient 
dissolved oxygen not only for the free swimming and small colonies of microbes, but also for 
those microbes that are in the center of larger flock particles.  Most processes, without selectors, 
hold 2 to 3 mg/L dissolved oxygen concentration.  DO concentrations above 3 mg/L do not 
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provide significant additional advantages to the system relative to the energy required to 
maintain this DO concentration. 
 
Filamentous microorganisms are usually able to out compete more desirable microbes when the 
DO concentration is below 1 mg/L. (Filamentous microorganisms, in higher proportions to other 
microbes, can cause poor sludge settling problems in the clarifiers.)  Additional oxygen, above 
that required for biochemical oxygen demand (BOD) removal, is required if the treatment 
process is to convert ammonia into nitrates (nitrification). 
 
5.6. Optimizing the Activated Sludge Process 
 
Treatment plant optimization treatment includes optimizing two elements:  design parameters 
“Technological decision” and operational control “Operational decision”.  The requirements for 
each are discussed in the following sections. 
 

5.6.1. Technological Decision - Design Parameters 
 
Design parameters for wastewater treatment plants treating municipal waste flows less than 1000 
m3/d are dependant on the type of biological treatment.  The main design parameter for an 
activated sludge system is the sludge loading, represented by the daily organic load per aerated 
sludge mass (F/M ratio in kg BOD/kg MLSS). 
 
The typical range of applied design F/M ratios is between 0.05 and 0.25 kg BOD/kg MLSS.  
Aerated activated sludge plants are designed to provide a 24-hour aeration period.  When 
operating properly, activated sludge plants can achieve treatment efficiencies ranging between 80 
and 95% BOD reduction.  
 
Table 5 shows the differences between the existing Pangnirtung WWTP parameters and typical 
design criteria for an activated sludge plant. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Pangnirtung Wastewater Treatment Plant  August 2007 
Comprehensive Performance Evaluation – Draft  Project Number: 06-6119 
 

Dillon Consulting Limited 13 
 

Table 5:  Pangnirtung WWTP Biological System Parameters vs. Typical Design Criteria for an 
Activated Sludge Process Treating Municipal Waste 

 
Parameters Pangnirtung Existing 

Biological System 
Typical Design Criteria 

 
Average day flow [m3/d] 130 < 1000 
Tank Volume [m3] 28 130 
Liquid depth [m] 0.92 3.5 –5.0 
HRT [h] 5 24 
SRT [d] 1 - 2 15 - 30 
F/M [kg BOD/kg MLSS] 2.0 0.05 – 0.25 
Organic Load [kg BOD/m3 reactor] 2.2 0.15 – 0.4 
MLSS [mg/L] 1600 3000 - 5000 
BOD5 Removal % < 70 80 - 95 
Sludge Volume Index[mL/g] 450 150 
Capacity of Air  
[m3/kg BOD] 

50 120 

DO [mg/L O2] <1.0 2 - 3 
RAS [% avg. flow] No control 50 - 100 
WAS [% Total solid/d] No control 3.5 - 7 

 

5.6.2. Operational Decision – Operational Control 
 
Controlling the mass of active organisms in the plant is crucial to successful operation of an 
activated sludge plant.  Critical control of the system is based on solids wasting, independent of 
operating decisions made for the up-stream processes. 
 
There are two commonly used methods to decide how much sludge to waste:  Food to 
Microorganism (F/M), and Sludge Residence Time (SRT).  Both parameters must be calculated 
at least weekly and related to the treatment plants operating efficiency. 
 
Therefore, to calculate the wasting rate the operator needs to know, as a minimum, the volume of 
the aeration basin, the suspended solids concentration of the mixed liquor (MLSS) and the solids 
concentration of the return sludge. 
 
Laboratory analysis must be used to measure the internal and effluent parameters which can be 
related back to the calculated F/M and SRT.  Tracking the various residue concentrations against 
operational conditions is necessary to establish and maintain satisfactory operating control of the 
plant.  Proper control of the plant is extremely difficult without daily lab support. 
 
The optimum operating conditions for a specific WWTP may be determined using a graphical 
method described below. 
 
Using the X-axis (horizontal) for the time value of days, graph (trend) the treatment plant’s 
influent and effluent BOD and suspended solids on the Y- axis (vertical). Using the same scale 
of the X-axis, graph the corresponding activated sludge process values of F/M ratio, MLSS, 
SRT, SVI and DO concentrations.  The goal of this task is to correlate process parameters to the 
best quality of plant effluent.  Once the best quality of effluent is found, the process parameters 
that achieved this water quality are selected for operational use. 
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Smaller communities generally have greater variations in flow rates, suspended solids, and BOD 
loadings on the plant.  The challenge therefore, is to hold proportional process variables as stable 
as possible, to select the best SRT value as indicated by the graphs and to apply sufficient 
dissolved oxygen to meet the corresponding oxygen demand.  Generally speaking, even small 
changes in the operating parameters such as the SRT, F/M ratio and mixed liquor suspended 
solids concentration require as much as two or three times the SRT value to stabilize to the new 
parameters. 
 
Figures A and B show example plots that may be generated and how the plots should be 
interpreted. 
 

Figure A:  Influent and Effluent Parameters, Example Plot 
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Figure B:  Internal Process Parameters, Example Plot 
 

 
 
5.7. Sampling and Lab Analysis 
 
The following monitoring should be considered for control of the activated sludge process: 

• Aeration basin:  
o Dissolved oxygen concentration, 
o Mixed liquor suspended solids, and 
o Sludge volume index (SVI). 

 
• Secondary clarifier: 

o Sludge blanket depths and suspended solids concentration in the clarifier. 
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6.0 FINDINGS 
 
Dillon personnel monitored the plant’s operation, with the operators, during the period of 
January 15 to 23, 2007.  Observations and on-site analytical monitoring identified a number of 
issues with the plant.  Issues with both process operation and general plant operation are 
summarized in the following sections.  
 
Recommendations for improving the process related issues are contained in Section 7 and 8 of 
this report.  Recommendations for dealing with general plant issues are provided in Section 9. 
 
6.1. Effluent and Sludge Quality 
 

6.1.1. Effluent Quality 
 
WWTP effluent quality is stipulated in Part D of Pangnirtung’s water licence NWB3PAN0207 
as follows: 
 

• Faecal Coliforms:  1 x 103 cfu/dl 
• BOD5    120 mg/L 
• Total Suspended Solids 180 mg/L 
• Oil and Grease  no visible sheen 
• pH    between 6 and 9 

 
The present treatment process is inadequate, and the effluent will periodically exceed the 
regulated parameters. 
 

6.1.2. Sludge Quality 
 
The existing solids train can treat the sludge to an acceptable quality, however the solids content 
of the bagged sludge is low (6.5%) and the volatile suspended solids (VSS) concentration is high 
(80%).  Improving the sludge treatment process could increase the solids concentration to 10% 
and reduce the VSS by 40 to 50%.  Increasing the solids concentration will reduce sludge 
volume, and reducing the VSS will reduce the potential for odours. 
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6.2. Process Problems 
 
The following process operational issues were identified at the plant: 
 
Ø Problems with the management and operation of the biological stage - activated sludge 

process: 
- Inadequately sized bioreactors for the organic load. 
- Insufficient dissolved oxygen levels in the biological process, train #1 and #2. 
- Incorrect sludge recycle operating philosophy - no recycle, clarifiers to digester only. 
- Incorrect scum sludge wasting philosophy - removal and return to EQ tank. 
- Insufficient bioreactor tank depth. 

 
Ø Problems with the operation of the sludge – solid process: 

- Insufficient mass WAS removal from the biological system. 
- Insufficient oxygen concentration in the digester tank. 
- Insufficient sludge stabilization. 
- Insufficient volume of sludge removal from digester tank to the dewatering process. 
- Odor generation during sludge bagging. 
- The sludge bagging process is physically labour intensive. 

 
Ø Problem with the operation, maintenance and flow control of the EQ feed and sludge 

pumps: 
- Plagued by debris clogging and requiring frequent maintenance. 

 
6.3. Plant Problems 
 
In addition, a number of non-process issues were identified at the plant: 
 
Ø Ventilation - odour problem,  
- Insufficient air changes per hour inside the treatment plant (Maximum of 4 changes per 

hour compared to the recommended 6), 
- The portion of the plant where sewage receiving and sludge bagging occurs is not 

isolated from the remainder of the plant or provided with dedicated air exchangers. 
 
Ø Electrical installation – not protected from high humidity which leads to corrosion 

problems, unexpected difficulty with instrumentation and controls. 
 
Ø The electrical system is 600 V, and the operators are not qualified to work on them.  A 

qualified technician must be brought in at least twice per year to maintain the electrical 
system. 

 
Ø Limited space for office and lab work. 

 
Ø Insufficient support equipment for plant operation, treatment quality control and 

information management.  Some records are maintained at the plant, but the system is not 
well organized.  Operators do not have access to a computer with internet and e-mail 
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access for corresponding with equipment suppliers, etc.  Available lab ware and 
monitoring equipment is not sufficient for the monitoring that is required. 

 
Ø Insufficient content in the Operation manual – needs to be updated to reflect the process 

modifications completed at the plant. 
 
Ø No maintenance schedule for equipment.  A list recording timing of maintenance and 

sign off should be developed, and used to record maintenance activities. 
 
Ø More advanced technical training required for operators – most likely to benefit from on-

site training. 
 
Ø Insufficient operators for the additional work required too maintain the activated sludge 

process - Three full time and one part time operator are required. 
 
Ø Insufficient spare pumps and equipment – inventory what is available and order spares of 

critical process equipment such as sludge pumps. 



Pangnirtung Wastewater Treatment Plant  August 2007 
Comprehensive Performance Evaluation – Draft  Project Number: 06-6119 
 

Dillon Consulting Limited 19 
 

7.0 PANGNIRTUNG WASTEWATER TREATMENT PLANT TREATMENT 
PROCESS - PROPOSED MODIFICATIONS 

 
The current Pangnirtung WWTP process schematic is shown on Figures 6 and 8 and the existing 
process is described previously in Sections 3 and 4 of this report.   
 
The plant is currently experiencing reduced treatment effectiveness and operational difficulties 
due to a combination of factors: 

• Inadequately sized bio-reactors relative to the organic load, 
• Low oxygen levels in the bioreactors (shallow aeration tank), and 
• A misunderstanding of the activated sludge treatment process. 

 
Modifications to the WWTP process are required in order to improve treatment efficiency.  The 
recommended modifications have been divided into three categories:  low cost short-term 
recommendations, medium cost recommendations and higher cost long-term recommendations.  
Each set of recommendations is described separately in the following sections. 
 
In addition, several structural modifications are recommended to extend the life of the electrical 
equipment and to improve working conditions for the operator.  These modifications should be 
completed in the short term, and are included with the Low Capital Cost Modifications.   
 
7.1. Low Capital Cost Modifications 
 
A number of changes can be made relatively easily to the existing process equipment and 
instrumentation to quickly improve effluent quality.  The proposed changes are graphically 
represented on attached Figure 9 and Figure A below, and are summarized as follows: 
 
Proposed process flow schematic changes include: 

• Continuously transfer RAS (Return Activated Sludge) from the Clarifiers to the 
Sewage Receiving Tank or the Screened Sewage Tank; 

• Remove WAS (Waste Activated Sludge) from the Clarifiers to the Aerated Sludge 
Digester in daily batches; 

• Eliminate the return of sludge from the Aerated Sludge Digester to the Screened 
Sewage Tank; 

• Re-route the Clarifier scum sludge waste piping to the Aerated Sludge Digester 
instead of to the Equalization Tank; 

• Increase the size of the Bioreactors’ aeration system blower, from 5 hp to 7½ hp, 
could use existing “Sutorbilt” model 4HVP; 

• Install a new in-line grinder on the feed line to the Bioreactors, following the 
Equalization Tank; 

• Establish the timing of the operation of the RAS and WAS cycles; 
• Increase the aeration in the digester; 
• Intermittently aerate and decant digester supernatant to increase sludge solids; and 
• Increase the removal frequency of sludge from the Aerated Sludge Digester to the 

Dewatering Bagger System. 
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The proposed new flow schematic and operating changes will create a new philosophy for the 
activated sludge process.  The new philosophy should alter the following process parameters: 
 

- Increase HRT, SRT and lower the F/M in system; 
- Create a new Anoxic Selector, small basin (Receiving Sewage Tanks) in which 

the Return Activated Sludge and primary effluent are treated prior to the activated 
sludge process.  The basins provide about 30 to 45 minutes of hydraulic detention 
time and reduce the potential for filamentous bacteria growth; 

- Create a new biological reactor in the Equalization Tank (i.e. EQ and Primary 
Biological Aeration Tank); 

- Change existing Bioreactors to secondary biological units; 
- Improve DO, SVI and sludge settling in clarifiers; 
- Improve control and balance of sludge in the system; and 
- Increase process nitrification, thereby lowering the effluent Total Nitrogen 

concentration. 
 

Implementing the Low Cost Modifications would extend the effectiveness of the plant (i.e. the 
plant will satisfy regulatory requirements) by approximately 3 to 5 years. 

 
Figure A.   New Process Flow Schematic - Low Cost Modification 
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Expected changes to process parameters as a results of short term changes to the process flow 
schematic are summarized in Table 6. 
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Table 6.  Treatment Parameter Changes after Biological System Modification 
at Average Organic Load 67 kg BOD/d and Average Hydraulic Load 130 m3/d 

 
Parameters Existing Biological System New Biological System (Low 

Cost Modification) 
HRT [h] 5 26 
SRT [d] 1 - 2 10 - 15 
F/M [kg BOD/kg MLSS] 2.0 0.2 
Total Vol. Bio-system [m3] 80 140 
MLSS [mg/L] 1200 2500 
BOD5 [mg/L] >100 <50 
TSS in Effluent [mg/L] >150 <50 
Sludge Removal -Dewatering 
cycles/week 1- 2 (No control) 4 

Capacity of Air [CFM] 220 300 
DO [mg/L O2] <1.0 2 - 3 
RAS [% avg. flow] No control 50 
WAS [kg solid/d] No control 30 - 40 

 
Some simple process modifications were made during the week of January 15 to 23, 2007.  
Analytical data from samples collected on January 20, 2007 are included in Appendix B (Lab 
report No. B07- 02970) and provide information on plant parameters after five days of operation 
under the modified conditions. 
 

7.1.1. Structural Modifications 
 
The following structural modifications are recommended for the plant.  Cost estimates have been 
provided, but note that the work is specialized and low-volume, and the working conditions are 
difficult.  Due to the current shortage of skilled workers, competitive bids may not be available 
for these modifications. 
 

7.1.1.1.New Office and Laboratory 
 
The plant washroom currently doubles as the plant office/laboratory.  The Hamlet Council has 
identified this situation as unacceptable, and has requested that ventilated office/laboratory space 
be provided for the plant operators. 
 
Several options are available for providing the new office space, including: 

• Constructing an addition on the south side of the plant, or 
• Re-configuring the storage space above the sludge bagging equipment on the northeast 

corner of the plant, 
 
The most cost effective option is to reconfigure a portion of the storage space located above the 
sludge bagging equipment.   
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The partitions and new floor would not need to be constructed as fire separations, but a vapour 
barrier and separate ventilation and heating would be beneficial.  Electrical outlets would need to 
be provided, and structural modifications to the mezzanine would likely be required before the 
floors and partitions could be constructed.  Fixed windows would allow the operator to survey 
the plant. 
 
The current ladder access to the mezzanine is not acceptable for a space that will be used 
routinely.  An acceptable staircase cannot be located inside the plant due to interference with 
process piping and equipment.  An enclosed exterior stair and door could be added.  The exterior 
stair could likely be supported from the existing building structure. 
 
Note that odours may be difficult to control in this space due to the location directly above the 
sludge bagging equipment.  In addition, the reason for using open grated floor for the mezzanine 
is not known, and air movement throughout the plant would be affected by the addition.  Ceiling 
mounted light fixtures and a fan may need to be relocated as part of this work. 
 
Construction costs are estimated to range from $50,000 to $100,000 depending on how the work 
is contracted, the extent of structure modifications required and the scheduling of the work.  An 
on-site review of partition locations should be conducted to confirm dimensions, identify piping 
and duct work locations and to note any other potential conflicts or access problems that should 
be resolved before a contractor could begin work. 
 

7.1.1.2.Electrical Equipment Isolation 
 
The electrical equipment in the plant is located on a mezzanine level, above the plant floor at the 
southeast corner of the building.  The equipment is not isolated from the gases and elevated 
humidity present in the main plant area, and showing signs of corrosion as documented in two 
reports completed in May 2007, by Sifec North.  The electrical equipment must be protected 
from the plant environment, or the operating life of the electrical equipment will be reduced. 
 
Several options have been identified to protect the electrical equipment, including: 

• Construct a separate addition to house the electrical equipment, 
• Construct walls to separate the electrical equipment on the mezzanine from the plant 

atmosphere.  Provide separate ventilation into the electrical enclosure, 
• Install a vent hood over the open reactors and clarifiers, or 
• Construct walls to isolate the reactors and clarifiers from remainder of the plant. 

 
The most cost effective method for protecting the electrical equipment is to isolate the mezzanine 
from the remainder of the plant.  Constructing a separate addition and moving the exposed 
electrical equipment would be very costly, while constructing an isolation wall around the 
reactors would require complicated partitions and doors around the reactor access catwalk, and 
would limit access to the processing equipment.  Installing a vent hood over the bioreactors and 
clarifiers would provide some benefit, but likely would not provide the degree of isolation 
required. 
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Separate air supply, exhaust and heating are required for the enclosed area.  The enclosure would 
need to be a rated fire separation (assume equal to that provided on the main floor), with all 
joints and penetrations sealed to prevent smoke passage.  A vapour barrier and/or air barrier 
should be incorporated into the partitions and all joints and penetrations sealed to reduce air and 
vapour migration or leakage.  The enclosed are will need to be tightly sealed in order to be 
effective.  A door at the top of the stairway may be acceptable to the Office of the Fire Marshal 
given this room is intended for occasional servicing of equipment only.  
 
Construction of the partition will be difficult because access to existing walls, floors and ceilings 
is limited by ductwork, piping and equipment.  An on-site review of the partition location should 
be conducted to confirm dimensions, identify piping and ductwork locations, and to note any 
other potential conflicts or access problems (including space for working ladders, scaffolding or 
staging) that should be resolved before a contractor could begin work.  Some of the ductwork 
may need to be temporarily disassembled in order to construct the partition. 
 
Construction costs are estimated to range between $100,000 and $200,000 depending on how 
work is contracted, the strategies available to work around the ducts and pipes and the scheduling 
of the work. 
 

7.1.2. Odour and Ventilation 
 
Most of the odour issues in the plant are associated with the sewage receiving and sludge 
bagging operation at the northeast corner of the building.   
 
Several potential modifications are possible to improve the odour issues at the northeast side of 
the plant including: 

• Isolate this area from the remainder of the plant and provide a dedicated ventilation 
sytem, or 

• Install a fume hood over the sludge bagging system. 
 
Installing a fume hood over the sludge bagging system is considered the most feasible solution 
for reducing odour.  Enclosing the bagging area would interfere with access to the exit door and 
so is rejected.   
 
The fume hood would be constructed of stainless steel with explosion proof components.  
Fabrication would occur off-site due to the specialized nature of the materials, and then shipped 
to Pangnirtung for installation.  The cost of installing the vent hoods is estimated at $50,000.  
This estimate assumes that installing the vent hood will not cause make-up air issues with the 
plant’s overall HVAC system. 
 
Keeping the hatches on the raw sewage receiving tanks closed would further reduce odours.  The 
hatches are kept open so that truck drivers can visually assess the level of sewage in the 
receiving tanks and can then judge whether they can proceed to empty their trucks.  A high-level 
alarm light has been installed outside the building to serve this purpose, but the light is largely 
ignored by the drivers and the raw sewage receiving tanks have overflowed in the past. 
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An additional auditory alarm or level gauge should be considered to permit the receiving tank 
hatches to remain closed during plant operation. 
 
Additionally, the National Fire Protection Code stipulates a minimum of 6 exchanges per hour in 
buildings where municipal sewage sludge is handled.  Critical portions of the WWTP require 12 
air changes/per hour.  Calculations completed using available information for the Pangnirtung 
WWTP suggests that the maximum exchanges per hour available for this plant is 4.  The HVAC 
system for the plant should be reviewed to confirm whether it meets the requirements of the 
National Fire Protection Code.  Recommendations and cost estimates for any required 
modifications would be developed from this review. 
 
7.2. Medium Capital Cost Modifications (<2 M) 
 
The low cost option described above represents necessary upgrades to the plant.  Some medium 
cost modifications may be made, in addition to the low cost modification, to further improve 
treatment plant operation and effluent quality.  The proposed medium term modifications are 
consistent with the treatment philosophy described in Section 5, and recommended changes for 
low capital cost modification described in Section 7.1.  The proposed medium term process flow 
modifications are shown below on Figures B, and are summarized as follows: 
 
Major recommended changes include the following: 

• Install new Bioreactors, 
• Install new blower and aeration system for Bioreactors, 
• Install new feed and sludge pumps, 
• Install an in-line grinder on the feedline to the Bioreactors, following the Equalizatio 

Tank, and 
• Install a new UV disinfection system. 

 
The Equalization Tank, Digester Tank and Dewatering System will not be modified as part of the 
medium capital cost recommendations.  
 
The proposed medium cost upgrade will improve the WWTP’s effectiveness up to average daily 
flows of 260 m3/d and organic loads of 140 kg/d.  
 
Either UV or chlorine could be used to disinfect the effluent leaving the plant.  However, UV is 
recommended for the Pangnirtung plant since chlorine disinfectants are more difficult to ship, 
store and use than a UV system, and there may also be a requirement to dechlorinate the effluent 
before it enters Pangnirtung Fiord.  The dechlorination step would require additional process 
equipment and chemicals.  Therefore, UV disinfection would provide a simpler process and is 
expected to be economically competitive with chlorine (when dechlorination costs are factored 
in).  
 
Table 7 below summarizes the estimated operating parameters that would be possible with the 
expanded biological system. 
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Table 7.  Treatment Parameters after medium cost expanding Biological System 
 

Parameter New Expanded Biological System 
(Medium Cost Modification) 

HRT [h] 16 - 24 
SRT [d] 10 - 15 
F/M [kg BOD/kg MLSS] 0.1 
Total Vol. Bio-system [m3] 200 
MLSS [mg/L] 3500 
BOD5 [mg/L] <50 
TSS in Effluent [mg/L] <50 
Fecal Coliforms [CFU/100 mL] <200 
Dewatering sludge [m3/d] 1 – 1.2 
Capacity of Air [UGM] 800 
DO [mg/L O2] 2 - 3 
RAS [% avg. flow] 50 - 75 
WAS [kg solid/d] 50 - 70 
Digester HRT [d] 8 - 10 
Clarifiers HRT [h] 4 

 
The proposed medium cost changes are graphically represented on Figure B 

 
Figure B:  New Process Flow Schematic – Medium Cost Modification 
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       Effluent 
 
7.3. High Capital Cost Modification (> 2 M) 
 
Pangnirtung’s population is increasing (expected to double in the next 20 years) and 
consequently the organic and hydraulic loads to the treatment plant will also increase.  These 
changes must be considered when planning for the long term future of the plant. 
 
The following estimated organic and hydraulic loads should be used when planning upgrades to 
the WWTP’s capacity: 

- Organic load to avg. 134 kg/d, and  
- Hydraulic load to avg. 260 m3/d. 

 
The influent composition is not expected to change, and is represented as follows: 
 - BOD5  500 mg/L 
 - TSS  400 mg/L 
 - TKN  60 mg/L 
 - TP  30 mg/L 
 
Dillon’s experience at other facilities in Nunavut suggests that effluent quality limits will likely 
become more stringent.  The following estimates should be used as probable effluent quality 
limits for the plant: 
 - BOD5  45 mg/L 
 - TSS  45 mg/L 
 - Ammonia 10 mg/L 
 - TP  5 mg/L 
 
7.4. Proposed Long Term Modifications 
 
The proposed long term modifications are consistent with the treatment philosophy described in 
Section 5, and recommend changes and additions to existing equipment.  The proposed long term 
process flow modifications are shown on Figures 1, 10, 11, 12 and are summarized as follows: 
 
Major recommended changes include the following: 

• New bigger Bioreactors, 
• New blower and aeration system for Bioreactors, 
• New feed and sludge pumps, 
• New sludge dewatering centrifuge system and building expansion, 
• New UV disinfections system, and 
• New monitoring SCADA system. 

 
The proposed long-term modifications will improve the WWTP’s effectiveness up to average 
daily flows of 260 m3/d and organic loads of 140 kg/d, which Dillon estimates will permit 
effective operation of the plant for approximately 20 years.  The modified WWTP’s ability to 
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treat flows or organic loadings above these levels will be limited.  The existing building footprint 
limits the degree of possible modification in the following areas: 

• Space for increasing volume new Bioreactors, 
• The capacity of the existing clarifiers, 
• Space for storage and digestion WAS sludge, 
• Room for mechanical and electrical equipment. 

 
Table 8 summarizes the estimated operating parameters that would be possible with the 
expanded biological system. 
 

Table 8:  Treatment Parameters after Expanding Biological System 
At Max. Organic Load 134 kg BOD/d and Max. Hydraulic Load 260 m3/d 

 
Parameter New Expanded Biological 

System (High Cost Modification)  
HRT [h] 24 
SRT [d] 10 - 15 
F/M [kg BOD/kg MLSS] 0.1 
Total Vol. Bio-system [m3] 200 
MLSS [mg/L] 3500 
BOD5 [mg/L] <50 
TSS in Effluent [mg/L] <50 
Waste sludge to digester [m3/d] 10 - 12 
Capacity of Air [UGM] 800 
DO [mg/L O2] 2 - 3 
RAS [% avg. flow] 50 
WAS [kg solid/d] 50 - 70 
Digester HRT [d] 15 
Clarifiers HRT [h] 4.0 
Dewatered sludge volume (@ 15% solids) [m3/d] 0.8 - 1 
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8.0 EXISTING AERATED SLUDGE DIGESTER AND DEWATERING SYSTEM 
LIMITATIONS 

 
8.1. Current Equipment and Processing Parameters 
 

Digester: 
Tank maximum operation volume   75 m3 
Number of blower     1 
Capacity of Air     70 CFM @ 7 psi   
Number of EDI model 84P coarse bubble diffusers 5 
Concentration sludge     1 – 1.3 % solid 
DO        < 0.5 mg/L 02 
Sludge loading     5 – 8 m3/d 
HRT       8 – 12 days 
VSS       78 % 
% VSS destroyed      < 10 % 
TSS        0.9 – 1.4 % 
Total Solid Load     210 – 245 kg/week 

 
Analytical information for the digester sludge is included in Appendix B as Lab report No. B07-
02973. 
 

Sludge Dewatering System: 
“Envirodyne” sludge bagger    12-bag station 

 Volume dewatered sludge (12 x 80 L)  960 L 
 Concentration dewatered sludge   6.5 - 10 % solid 
 Volatile Solids      80 % 
 Max. number of cycles per week   4 
 Average solid mass dewatered per cycle   60 kg 
 Number bags sent to landfill per month  200 
 
Analytical information for the bagged sludge is included in Appendix B as Lab report Nos. B07-
02972, 2610624 and 2610633.  Note the increase in VSS in the bagged sludge compared to the 
digester sludge is likely due to the addition of polymer during the bagging/dewatering process. 
 
The existing digester system is working under anaerobic conditions and below the typical 
minimum aerobic digester HRT of 15 days.  The process destroys a very low portion of the 
volatile solids and creates an unpleasant odor during the dewatering process. 
 
The Sludge Dewatering System is presently nearing capacity.  If the solids quality does not 
improve as a result of the recommended changes to the digester operation, future increases in 
organic load will create problems with the treatment system as a whole.  The functioning of the 
existing solids circuit should be monitored, and changes should be made if required. 
 
If Digester operation is improved, the existing sludge dewatering system could handle sludge 
produced by the plant for approximately an additional 10 years.  After this time, or if additional 
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significant organic loads are added to the plant, an upgraded sludge dewatering system such as 
described in Section 8.3 will be required. 
 
8.2. Improve Biosolids Quality  
 
The Biosolids quality can be improved by increasing the oxygen concentration in the digester to 
the levels required for VSS destruction.  Increasing either the capacity or number of blowers 
would increase oxygen levels.  In addition, the HRT in the digester should also be increased.  
 
Achieving aerobic digestion in the digester should reduce VSS by at least 35% and significantly 
reduce the odour problem. 
 
The present sludge dewatering system is limited by the length of the cycle.  Each bagging cycle 
takes 24 hours, so a maximum of seven cycles are possible in a week.  In addition, the current 
system is labour intensive.  Changing the Dewatering process to a more effective mechanical 
system will improve Biosolids quality and quantity by lowering volume, reducing costs and 
reducing potential leachate generation at the sludge disposal site. 
 
Additional process instrumentation and routine laboratory analysis is also required to improve 
process control and Biosolids quality. 
 
8.3. New Sludge Dewatering Centrifuge 
 
Sludge dewatering systems remove water from the digested sludge to simplify handling of the 
stabilized sludge before transport from plant site for ultimate disposal/utilization.  The present 
dewatering system is nearing capacity, as described in Section 8.1, and will need to be upgraded.   
 
The proposed new dewatering system consists of the following components: 
Ø Sludge Transfer Pump, 
Ø Static Mixer (Polymer solution will be blended with the sludge fed to the dewatering 

system in this mixer), 
Ø Centrifuge (dewatering unit), and 
Ø Screw Conveyor. 

 
The aerobically digested sludge is pumped to the sludge dewatering system using a sludge 
transfer pump.  Polymer is mixed with digested sludge in the static mixer located upstream of the 
Dewatering Centrifuge, and then enters the centrifuge.  Dewatered solid is conveyed via closed 
screw conveyor from the centrifuge unit directly into a trailer and then transported to the landfill 
as required. 
 
Figure 12 provides a graphical overview of the proposed system and Figure 9 lists the major 
components in the proposed system. 
 
 
 
 
 



Pangnirtung Wastewater Treatment Plant  August 2007 
Comprehensive Performance Evaluation – Draft  Project Number: 06-6119 
 

Dillon Consulting Limited 30 
 

Table 9:  Sludge Dewatering System Equipment 
 

Item Description 
Sludge Transfer Pump Progressive Cavity Pump, (PFE Inc.), 

Nominal Conveying Capacity:  6 m3/hr, 
Nominal Power: 6 hp 

Centrifuge  Alfa Laval Decanter Centrifuge, 
Nominal Capacity: 4.0 m3/hr, 
Nominal Power: 20 hp, 
Operating Speed: 3250 rpm, 
Dewatered sludge conc.: 20 % solid  

Screw Conveyor SPIRAC AB, U-shaped conveyor, 
Motor Power: 3hp 

Polymer Mixing System Polymer Feed Pump, 
Polymer and Dilution Water Mixing Unit, 
Static Mixer, 
Polymer requirement: 10 kg/1000 kg solid 

 
The dewatering process can be operated in Remote MANUAL (on–off and VFD setting), or 
AUTO mode through the SCADA system.  The operating status of the Centrifuge could also be 
reported to the SCADA sludge control system. 
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9.0 RECOMMENDED GENERAL PLANT AND OPERATIONAL IMPROVEMENTS 
 
9.1. Electrical 
 
As described previously, the electrical equipment is showing signs of corrosion due to the humid 
atmosphere present in the plant.  In addition, the electrical system is 600V, and the operators are 
not qualified to complete any electrical work at this voltage.  A certified technician should be 
brought in at a frequency of twice per year to provide maintenance for the system. 
 
9.2. Process Monitoring 
 
The equipment available for monitoring the process consists of a DO metre and two 1000 ml 
graduated cylinders.  Additional analytical equipment is required in order to properly track the 
operation of the treatment process.  This equipment should include sufficient labware to perform 
accurate measurements and dilutions and a portable pH metre and bench top colourimeter for 
monitoring process parameters. 
 
A separate laboratory/office area is not provided at the plant.  Process monitoring and 
administrative work must be completed in the washroom.  A dedicated laboratory/office area 
should be provided. 
 
9.3. Operations and Maintenance 
 
The Operations and Maintenance (O&M) manual reflects the original operating philosophy for 
the plant (RBC).  The O&M manual should be updated to reflect the modified operating 
philosophy and should include more detailed information on plant operation, monitoring and 
maintenance. 
 
A maintenance schedule should be developed for equipment in the plant.  The schedule should 
include all major process equipment, recommended timing for maintenance and an area for 
signing off (who and when) on the maintenance work when completed. 
 
The availability of equipment and parts is poor in remote locations such as Pangnirtung, and the 
quantity of spares available in the plant appeared low.  The available spare equipment should be 
inventoried and any additional equipment potentially required should be ordered and kept at the 
plant. 
 
9.4. Outfall 
 
The effluent outfall is located on a slope above the Pangnirtung Fiord high water mark.  The 
ground surface below the outfall is reportedly eroding as a result of the discharge from the 
WWTP. 
 
The outfall area should be upgraded to reduce the erosion caused by the WWTP discharge.  The 
Federal Department of Fisheries and Oceans should be consulted prior to initiating any upgrades 
since the work will be occurring adjacent to fish bearing waters. 
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9.5. Staffing, Operator Knowledge and Training 
 
There are currently two full time and one part time operator for the plant.  One additional full 
time operator should be added to the plant staff in order to accommodate the increased workload 
created by increasing the frequency of sludge removal and conducting the additional process 
monitoring required to keep the plant operating efficiently. 
 
The operators need additional technical training to properly operate the WWTP.  On-site training 
coursers, of approximately one week’s duration, should be conducted at a frequency of twice per 
year until the operators are fully able to operate the plant efficiently.  Additional training should 
be provided when any additional equipment is added or if the process is modified. 
 
9.6. Administration 
 
Minimal administrative support is available for the plant operators.  There is no computer 
available at the plant for internet/e-mail access with suppliers or for maintaining electronic 
records of process operating condition, performing spreadsheet calculations, etc. 
 
A daily operating checklist is completed and stored in a binder in the mechanical room.  
Historical records are stored loose in a filing cabinet, also in the mechanical room.  Analytical 
information is kept in a stack of papers in the washroom/office. 
 
A computer with e-mail accessibility should be provided to permit the operators more efficient 
contact with suppliers, and to permit the operators to maintain electronic records and perform 
electronic data analysis.  Off-site backup and storage of information should also be provided. 
 
Additional hard copy filing equipment (i.e. a better filing cabinet) should also be provided for the 
plant, and a suitable filing system should be set up such that historical plant operating 
information is readily accessible. 
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10.0 SUMMARY 
 
Dillon was retained by the Government of Nunavut, Department of Community and Government 
Service to conduct CPE of the Pangnirtung Wastewater Treatment Plant (WWTP).  This 
assessment included evaluating the existing infrastructure of the WWTP and its ability to 
accommodate future demands loads from Pangnirtung 20- years projected growth. 
 
CPE findings include the following: 
 
Ø The existing Wastewater Treatment Plant does not treat the sewage to meet current Water 

License standards (NWB3PAN0207); 
Ø The WWTP is at capacity now and additional loading from any source will require a 

plant expansion; 
Ø The existing WWTP Bioreactors are at organic load and hydraulic capacity under the 

current flow rate, and require upgrading; and 
Ø The two Bio-trains operate with an average Sludge volume Index of 450 mL/g (well 

above the typical design value of 150 mL/g, which create poor solids settling 
performance) and do not meet requirements for Total Suspended Solids, Faecal coliforms 
and BOD5 in the effluent. 

Ø The WWTP requires a disinfection process. 
 
In summary, the existing plant is at its organic and hydraulic capacity and in it’s current 
operating state, with septic inhibition, cannot provide treatment to the degree required to meet 
effluent quality requirements. 
 
10.1. Recommended Plant Upgrades and Support 
 
The WWTP requires modification in order to provide sufficient treatment for current and future 
sewage flows and loading.  The recommended WWTP upgrades consider three scenarios: low, 
medium and high capital cost modifications to upgrade the process and additional structural 
modification to protect the electrical equipment, reduce odours and improve operator working 
conditions. 
 
In the low cost scenario, (short term solution) the upgraded WWTP effluent will more 
consistently meet the existing BOD5, Suspended Solids and Oil/grease effluent criteria.  The 
Faecal coliforms criterion will not be met.  This short-term solution will not change the issue that 
the plant is undersized with respect to biological process and a major change is required to the 
plant. 
 
Structural modifications are also required under the low cost scenario to protect the electrical 
equipment from corrosion and reduce odours within the plant.  The Hamlet has also requested 
that the operator be provided with a ventilated office/laboratory space.  The most feasible 
upgrades are to achieve these objectives are to isolate the electrical equipment on the mezzanine 
by constructing a partition wall, provide a vent hood over the sludge bagging equipment and to 
reconfigure a portion of the storage mezzanine at the northeast corner of the plant as an 
office/laboratory.  The cost estimates for these modifications are $100 K to $200 K for the 
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electrical equipment isolation, $50 K for the vent hood over the sludge bagger and $50 K to 
$100 K for the office/laboratory space.  A review of the plant’s HVAC system could be 
completed for $15 K. 
 
In the medium cost scenario the upgraded WWTP, with new Bioreactors and a new effluent 
disinfection system, will meet all the physical-chemical and bacteriological criteria and create a 
much more environmentally safe effluent than the low cost scenario. 
 
The high capital cost plant modifications include the medium cost upgrades plus a new 
dewatering digested sludge system for upgrading sludge quality.  The high cost effluent scenario 
includes all of the equipment upgrades identified for remote control of the treatment process. 
 
The total upgrade cost for low cost scenario is less then $ 600 K and will provide an estimated 
additional maximum of 3 - 5 years of effective operation at the current average flow rate. 
 
The total plant upgrade cost for the medium cost scenario, is $ 1.7 M.  Completing these 
upgrades will provide an estimated additional 20 years of effective operation for the biological 
system, and 10 years for the digestion and dewatering process. 
 
The upgrade cost estimate for the high cost scenario is $ 2.9 M.  This upgrade will provide an 
estimated additional 20 years of effective plant operation. 
 
Tables 10, 11 and 12 provide a summary of recommended modifications and associated costs for 
each of the three scenarios. 
 

Table 10:  Pangnirtung Sewage Plant LowCost Upgrade, Capital Cost Estimate 
 

No. Item description Estimated cost 
1. Re-route scum sludge waste piping to the Digester; 

Extend existing WAS/RAS pipe to the Screened Sewage Tank; 
Change aeration piping to the Bioreactors to connect to the existing 
7.5 hp “Sutorbit” model 4HVP blower, to increase the blower size 
from 5 to 7.5 hp; and 
Install a new grinder on the feed line to the Bioreactors. 
 

 

 Equipment,  $75,000 
 Miscellaneous, Mechanical, Electrical $65,000 
2. Electrical equipment enclosure $150,000 
3. Sludge Bagger ventilation $50,000 
4. Office/laboratory space $75,000 
5. HVAC Review $15,000 
  

Subtotal 
 

$430,000 
  

Contingency 20% 
 

$86,000 
 Engineering 15% $64,500 
  

Total Cost 
 

$ 580,500 
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Table 11:  Pangnirtung Sewage Plant Medium Cost Upgrade, Capital Cost Estimate 
 

No. Item description Estimated cost 
1. New Bioreactors 

 
 

 Equipment  $400,000 
 Miscellaneous, Mechanical, Electrical $200,000 
2. 
 

UV Disinfections  

 Equipment $100,000 
 Miscellaneous, Mechanical, Electrical $70,000 
 
 

 
Subtotal  

 
$770,000 

 
 

 
Contingency 20%  

 
$154,000 

 Engineering 15% $115,500 
 Other 5%  $38,500 
   
 + Low Cost Modifications $580,500 
  

Total Cost 
 

$1,659,000 
 

Table 12:  Pangnirtung Sewage Plant High Cost Upgrade, Capital Cost Estimate 
 

No. Item description Estimated cost 
1. New Bioreactors 

 
 

 Equipment  $400,000 
 Miscellaneous, Mechanical, Electrical $200,000 
2. 
 

UV Disinfections  

 Equipment $100,000 
 Miscellaneous, Mechanical, Electrical $70,000 
3. 
 

New Sludge Dewatering Centrifuge System   

 Construction (Mechanical, Structural, Electrical, Miscellaneous) $350,000 
 Equipment  $550,000 
 
 

 
Subtotal  

 
$1,670,000 

 
 

 
Contingency 20%  

 
$334,000 

 Engineering 15% $250,500 
 Other 5%  $83,500 
   
 + Low Cost Modifications $580,500 
  

Total Cost 
 

$2,919,000 
 
Dillon also recommends that additional operator technical support should be provided in addition 
to the capital upgrades.  The most efficient program would initially provide operator training at 
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the Pangnirtung facility.  Training at an off-site facility or classroom could be considered once 
the operators reach a pre-determined level of competency. 
 
A well developed Operator On-site Technical Assistance Program can help with some of the 
following common problems encountered at WWTPs:  

• Understanding process control procedures such as sludge wasting and return rates, mixed 
liquor concentrations, and aeration tank dissolved oxygen levels; 

• Improving sludge handling and disposal procedures (one of the most complex areas of 
operation); 

• Practicing proper process control and data reporting. In most cases, adequate laboratory 
equipment was needed to test and interpret data to appropriately control the process and 
monitor the facility; 

• Improving operating budget; 
• Insufficient staffing or frequent turnover; 
• Plant design problems with aerators, clarifiers, digester, or disinfection systems; 
• Concerns over industrial dischargers to the system; 
• Implementing preventive maintenance; and 
• Problems with inoperable equipment and process units. 

 
Participating in a Technical Assistance Program will improve regulatory compliance at the plant 
and will likely provide long term cost savings to the Hamlet.  The cost to maintain regulatory 
compliance is generally more economical than paying a penalty for noncompliance, and 
implementing preventive maintenance and identifying energy savings provide other methods of 
reducing costs. 
 
10.2. Recommended Upgrade Schedule 
 
The following upgrade schedule is recommended for the plant: 
 
2007 – 2009 (3 year) 

• Adopt low capital cost plant modifications; 
• Optimize plant performance; 
• Start “Operator On-site Technical Assistance Program” to provide technical assistance to 

WWTP staff to improve wastewater treatment;  
• Provide isolation for the electrical equipment, additional ventilation at the sludge bagging 

station and office/laboratory space;  
• Complete a review of the HVAC system, and 
• Design medium capital cost plant modifications. 

 
2010 – 2012  (3 year) 

• Adopt medium capital cost plant modifications, 
• Provide as-required engineering assistance, 
• Continuation Technical Assistance Program, 
• Optimize plant performance, 
• Design high capital cost plant modifications. 
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2013 – 2016 (4 year) 
• Complete installation of high capital cost plant modifications, 
• Provide as-required engineering assistance, 
• Continue On-site Operator Technical Assistance, and 
• Optimize all process treatment elements for improved regulatory compliance. 
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Photo Set 1: 
Plant Sewage Receiving System 



Photo Set 1:  Pangnirtung WWTP Sewage Receiving System 
 
Photo 1.  The sewage trucks discharge into sewage receiving tank. 
 

 
 
 
 
 
 
Photo 2.  The 150 mm Cam-lock reducing to 100 mm inlet receives the raw sewage from 
the trucks. 
 

 
 
 
 



 
 
Photo 3. Billy is removing solid waste from bar rack influent chamber. 
 

 
 
 
 
 
Photo 4.  Receiving tank and influent flow meter. 
 

 
 
 
 



 
Photo 5.  Rotary screen, compactor/conveyor and screenings bagger.  
 
 

 
 
 
 
 
Photo 6.  IPEC  30” x 36” with 3 mm rotary screen and ½ hp motor.  
 

 
 



Photo 7.  Screened Sewage Tank 
 

 
 
 
 
 
 
Photo 8.  Equalization Tank  
 

 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Photo Set 2: 
Biological Process Components 



Photo Set 2:  Pangnirtung WWTP Biological Process Components 
 
 
Photo 1.  Biological Process Feed Pumps, (Taking sample from EQ Tank) 
 

 
 
 
 
 
Photo 2.   Activated Sludge Reactors. (Jan. 2007) 
 

 
 

EQ Tank 

Bioreactor 
Train #1 

Bioreactor 
Train #2 



Photo 3.    Bioreactor Train #1 

 
 
Photo 4. Bioreactor Train #1 

 
 
Photo 5.  Clarifier – Scum sludge   
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from 
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Scum pump #1 
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Photo 6. Clarifier – Scum sludge 
      

 
 
 
 
Photo 7. Clarifier – overflow suspended solid to effluent. 
      

 
 
 
 
 

Scum pump #2 

Treated 
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Disposal 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Photo Set 3: 
Sludge System 

 



Photo Set 3: Pangnirtung WWTP Sludge System 
 
Photo 1.   Sludge Pumps 
 

 
 
Photo 2.   Sludge Digester with decant piping 
 

 
 
Photo 3.  Sludge Bagger 

 
 
 
 
 
 
Polymer System 
 
 
 
 
 



Photo 4.  Pumping sludge with polymer to dewatering system 
 
 

 
Photo 5. Checking sludge flow and distributing to bags 
 

 
 
Photo 6. Filtrate return pump 
 

 



Photo 7.  Storage - dewatering solid bags outside building.  
 
 

 
 
 
Photo 8.  Disposal – sludge solids bags in the Landfill  
 

 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Photo Set 4: 
Operational Problems 



Photo Set 4: Pangnirtung Operational Problems 
 
Feed and sludge pumps require frequent maintenance. 

 
 
 
 
 

 
 
 
 
 

 



Sludge bagging is physically labour intensive and difficult to operate. 
 

 
 
Insufficient ventilation – odour problem 
 

 
 
Insufficient ventilation – odour problem 

 



Insufficient blower capacity, oxygen level and aeration 
 

 
 
 

 
 
 

 



Corrosion electrical connections and instrumentation - problems 
 

 
 
 
 

 
 
Problem room and equipment for lab control treatment system 
 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix A: 
Operational Data Tables 



2005 Mean Daily Flow Data, by Month
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2006 Mean Daily Flow Data, by Month
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Flow Data Summary

Day Date
Influent 

(m3)
Effluent 

(m3) Day Date
Influent 

(m3)
Effluent 

(m3)
Saturday 1-Jan-05 161.6 107.4 Friday 18-Feb-05 129.5 149.5
Sunday 2-Jan-05 Saturday 19-Feb-05 100.8 129.6
Monday 3-Jan-05 112.6 94.9 Sunday 20-Feb-05
Tuesday 4-Jan-05 125.8 121.9 Monday 21-Feb-05
Wednesday 5-Jan-05 158.3 175.4 Tuesday 22-Feb-05
Thursday 6-Jan-05 106.4 127.4 Wednesday 23-Feb-05
Friday 7-Jan-05 146.9 163.1 Thursday 24-Feb-05
Saturday 8-Jan-05 128.5 121.3 Friday 25-Feb-05
Sunday 9-Jan-05 131.1 138.1 Saturday 26-Feb-05 117.9 115.6
Monday 10-Jan-05 73.4 98.3 Sunday 27-Feb-05
Tuesday 11-Jan-05 151.1 135.8 Monday 28-Feb-05
Wednesday 12-Jan-05 160.4 166.9 Tuesday 1-Mar-05 154.3 ns
Thursday 13-Jan-05 99.9 117 Wednesday 2-Mar-05 121.8 175.3
Friday 14-Jan-05 129.2 126.7 Thursday 3-Mar-05 130.6 125.6
Saturday 15-Jan-05 156.6 164.5 Friday 4-Mar-05 110.8 124.3
Sunday 16-Jan-05 131.4 128.2 Saturday 5-Mar-05 23.5 29.9
Monday 17-Jan-05 60.7 75.1 Sunday 6-Mar-05 155.9 110.8
Tuesday 18-Jan-05 177.8 162.6 Monday 7-Mar-05 60.1 75.8
Wednesday 19-Jan-05 150.9 169.8 Tuesday 8-Mar-05 143.7 164.8
Thursday 20-Jan-05 125.4 126.4 Wednesday 9-Mar-05 133.1 153.5
Friday 21-Jan-05 139.2 161.6 Thursday 10-Mar-05 104.7 106.4
Saturday 22-Jan-05 123.6 116.2 Friday 11-Mar-05 147.4 149.5
Sunday 23-Jan-05 161.2 159 Saturday 12-Mar-05 117.7 136.3
Monday 24-Jan-05 91 105.4 Sunday 13-Mar-05 126.9 143.8
Tuesday 25-Jan-05 151.4 150.1 Monday 14-Mar-05 78 57.7
Wednesday 26-Jan-05 160 160.1 Tuesday 15-Mar-05 151.8 160.8
Thursday 27-Jan-05 122.2 125.7 Wednesday 16-Mar-05 131.8 136.7
Friday 28-Jan-05 139.5 152.3 Thursday 17-Mar-05 108.7 115.5
Saturday 29-Jan-05 129.6 130.8 Friday 18-Mar-05 119.8 131.3
Sunday 30-Jan-05 66.8 45.9 Saturday 19-Mar-05 113.3 120.4
Monday 31-Jan-05 88 90.6 Sunday 20-Mar-05 145.8 136.8
Tuesday 1-Feb-05 284.4 264.4 Monday 21-Mar-05 65.8 62.7
Wednesday 2-Feb-05 158.6 165.4 Tuesday 22-Mar-05 146.4 152.1
Thursday 3-Feb-05 145.2 165.5 Wednesday 23-Mar-05 128.4 133.3
Friday 4-Feb-05 140.1 133.7 Thursday 24-Mar-05 105.5 120.9
Saturday 5-Feb-05 86.3 79.5 Friday 25-Mar-05 124.7 138.9
Sunday 6-Feb-05 177.5 176.5 Saturday 26-Mar-05 107.8 62
Monday 7-Feb-05 133.7 93.8 Sunday 27-Mar-05 92.1 96.5
Tuesday 8-Feb-05 191.2 180.3 Monday 28-Mar-05 98.8 101.4
Wednesday 9-Feb-05 153.5 152.9 Tuesday 29-Mar-05 111.5 114.9
Thursday 10-Feb-05 150 158.5 Wednesday 30-Mar-05 161.7 186.5
Friday 11-Feb-05 140.1 115.2 Thursday 31-Mar-05 119.3 116
Saturday 12-Feb-05 127.8 145.2 Friday 1-Apr-05 120.7 137
Sunday 13-Feb-05 92 95.9 Saturday 2-Apr-05 82.1 95.3
Monday 14-Feb-05 55.9 62.7 Sunday 3-Apr-05 129.9 134.4
Tuesday 15-Feb-05 186.6 162.8 Monday 4-Apr-05 103 106.6
Wednesday 16-Feb-05 157.8 176.4 Tuesday 5-Apr-05 131.9 124.9
Thursday 17-Feb-05 131.4 144.4 Wednesday 6-Apr-05 131.6 148.3
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Day Date
Influent 

(m3)
Effluent 

(m3) Day Date
Influent 

(m3)
Effluent 

(m3)
Thursday 7-Apr-05 112.3 129.9 Friday 27-May-05 150.8 151.9
Friday 8-Apr-05 105.5 109.5 Saturday 28-May-05 113.5 111.2
Saturday 9-Apr-05 119.1 134.5 Sunday 29-May-05 78.3 58
Sunday 10-Apr-05 131.4 135.1 Monday 30-May-05 105.7 113.1
Monday 11-Apr-05 92.3 104.7 Tuesday 31-May-05 143.5 142.1
Tuesday 12-Apr-05 164.5 155 Wednesday 1-Jun-05 145.6 129.5
Wednesday 13-Apr-05 121.6 144.9 Thursday 2-Jun-05 140.9 157.7
Thursday 14-Apr-05 73.7 77 Friday 3-Jun-05 146.6 143.5
Friday 15-Apr-05 146.7 138.5 Saturday 4-Jun-05 136.5 128.6
Saturday 16-Apr-05 141.1 162.6 Sunday 5-Jun-05 58.6 54.7
Sunday 17-Apr-05 80.2 93.1 Monday 6-Jun-05 58.6 40.9
Monday 18-Apr-05 93.2 93.3 Tuesday 7-Jun-05 164.5 140.4
Tuesday 19-Apr-05 150.9 162.3 Wednesday 8-Jun-05 167.1 175.4
Wednesday 20-Apr-05 141.3 153.3 Thursday 9-Jun-05 117.9 135.5
Thursday 21-Apr-05 105.3 114.9 Friday 10-Jun-05 139.4 147.8
Friday 22-Apr-05 117.7 125 Saturday 11-Jun-05 111.6 109.7
Saturday 23-Apr-05 109.4 108.4 Sunday 12-Jun-05 128.7 110.4
Sunday 24-Apr-05 76 89.5 Monday 13-Jun-05 147.1 152.2
Monday 25-Apr-05 94.3 94.8 Tuesday 14-Jun-05 138.2 132
Tuesday 26-Apr-05 134.6 176.7 Wednesday 15-Jun-05 124.6 118.4
Wednesday 27-Apr-05 84.6 112.8 Thursday 16-Jun-05 115.3 106.8
Thursday 28-Apr-05 116.7 125.5 Friday 17-Jun-05 133.9 136.3
Friday 29-Apr-05 110.1 103.3 Saturday 18-Jun-05 152.4 157.4
Saturday 30-Apr-05 131.8 90.6 Sunday 19-Jun-05 111.8 107.5
Sunday 1-May-05 98.7 138.6 Monday 20-Jun-05 91.9 83.8
Monday 2-May-05 80.7 105.7 Tuesday 21-Jun-05 175.2 154
Tuesday 3-May-05 142.4 140.4 Wednesday 22-Jun-05 139.8 146.5
Wednesday 4-May-05 142.3 141 Thursday 23-Jun-05 134.8 144.6
Thursday 5-May-05 100.9 130.2 Friday 24-Jun-05 136.3 127.2
Friday 6-May-05 104.9 115.2 Saturday 25-Jun-05 149.4 160.1
Saturday 7-May-05 105.5 120.9 Sunday 26-Jun-05 114.6 93.1
Sunday 8-May-05 84.8 88.3 Monday 27-Jun-05 107.4 104.6
Monday 9-May-05 97.9 96.4 Tuesday 28-Jun-05 177.9 168.9
Tuesday 10-May-05 180.4 167.6 Wednesday 29-Jun-05
Wednesday 11-May-05 136 146.4 Thursday 30-Jun-05
Thursday 12-May-05 112.2 136.6 Friday 1-Jul-05 133.5 224.4
Friday 13-May-05 102.5 113.4 Saturday 2-Jul-05 22.8 19.5
Saturday 14-May-05 106.2 104 Sunday 3-Jul-05 34.2 0.4
Sunday 15-May-05 72.3 81.6 Monday 4-Jul-05 67.1 103.1
Monday 16-May-05 81 80 Tuesday 5-Jul-05 243.8 215.2
Tuesday 17-May-05 104.7 91.1 Wednesday 6-Jul-05 167.8 173.3
Wednesday 18-May-05 170.8 175.4 Thursday 7-Jul-05 100.4 110.3
Thursday 19-May-05 155 147.1 Friday 8-Jul-05 134.3 112.1
Friday 20-May-05 164 176.8 Saturday 9-Jul-05 143.2 155.8
Saturday 21-May-05 144.4 190.3 Sunday 10-Jul-05
Sunday 22-May-05 86.5 68.1 Monday 11-Jul-05
Monday 23-May-05 120.3 111.9 Tuesday 12-Jul-05 126.9 131
Tuesday 24-May-05 125.8 136.5 Wednesday 13-Jul-05 198.7 143.1
Wednesday 25-May-05 180.5 167.5 Thursday 14-Jul-05 119.9 112.5
Thursday 26-May-05 137.5 157 Friday 15-Jul-05 138.8 149.5
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Day Date
Influent 

(m3)
Effluent 

(m3) Day Date
Influent 

(m3)
Effluent 

(m3)
Saturday 16-Jul-05 129 151.7 Sunday 4-Sep-05 96.1 79
Sunday 17-Jul-05 123 76 Monday 5-Sep-05 82.6 84.4
Monday 18-Jul-05 76 44.3 Tuesday 6-Sep-05 81.5 68.3
Tuesday 19-Jul-05 194.7 ns Wednesday 7-Sep-05 143 128.9
Wednesday 20-Jul-05 Thursday 8-Sep-05 108.9 116.7
Thursday 21-Jul-05 Friday 9-Sep-05 115.8 124.3
Friday 22-Jul-05 Saturday 10-Sep-05 76.3 77.4
Saturday 23-Jul-05 128 129.5 Sunday 11-Sep-05 64.4 43.1
Sunday 24-Jul-05 103.1 104.4 Monday 12-Sep-05 64.5 64.8
Monday 25-Jul-05 82.8 89.7 Tuesday 13-Sep-05 212.2 203.9
Tuesday 26-Jul-05 125.4 114.6 Wednesday 14-Sep-05 130.7 135.2
Wednesday 27-Jul-05 160.8 164.3 Thursday 15-Sep-05 119.5 112.5
Thursday 28-Jul-05 133.8 145.2 Friday 16-Sep-05 112.8 131.9
Friday 29-Jul-05 130.5 132.8 Saturday 17-Sep-05 106.6 140.1
Saturday 30-Jul-05 89.5 86.8 Sunday 18-Sep-05 121.9 89.8
Sunday 31-Jul-05 68.7 34.3 Monday 19-Sep-05 61.9 81.1
Monday 1-Aug-05 101.8 129.1 Tuesday 20-Sep-05 178.5 149.6
Tuesday 2-Aug-05 116.9 111.4 Wednesday 21-Sep-05 124.8 141.9
Wednesday 3-Aug-05 171.6 148.8 Thursday 22-Sep-05 118.7 127.8
Thursday 4-Aug-05 131.7 165.2 Friday 23-Sep-05 111.9 123
Friday 5-Aug-05 130.6 148.5 Saturday 24-Sep-05 128.1 123.7
Saturday 6-Aug-05 168.8 145 Sunday 25-Sep-05 65.1 60.2
Sunday 7-Aug-05 128.3 121.3 Monday 26-Sep-05 75.7 75.4
Monday 8-Aug-05 86.8 106.5 Tuesday 27-Sep-05 170.2 198.4
Tuesday 9-Aug-05 138.7 129.3 Wednesday 28-Sep-05 140.9 161.1
Wednesday 10-Aug-05 126.2 123.4 Thursday 29-Sep-05 131.9 144.9
Thursday 11-Aug-05 115.3 112.6 Friday 30-Sep-05 102.6 123
Friday 12-Aug-05 116.2 234.2 Saturday 1-Oct-05 128 122.3
Saturday 13-Aug-05 142.3 127.4 Sunday 2-Oct-05 108.1 119
Sunday 14-Aug-05 134.3 124.9 Monday 3-Oct-05 74.8 78
Monday 15-Aug-05 53 53.2 Tuesday 4-Oct-05 109.7 109.9
Tuesday 16-Aug-05 199.4 206 Wednesday 5-Oct-05 158.7 165.7
Wednesday 17-Aug-05 113.4 119.9 Thursday 6-Oct-05 134.8 132
Thursday 18-Aug-05 114.2 112.8 Friday 7-Oct-05 114.3 140.3
Friday 19-Aug-05 119.4 94.8 Saturday 8-Oct-05 97.2 115.4
Saturday 20-Aug-05 118.6 128.7 Sunday 9-Oct-05 78.4 80.3
Sunday 21-Aug-05 82.6 59.8 Monday 10-Oct-05 103.9 42
Monday 22-Aug-05 71.9 62.8 Tuesday 11-Oct-05 130.5 103.8
Tuesday 23-Aug-05 186.2 171.3 Wednesday 12-Oct-05 101.5 127.2
Wednesday 24-Aug-05 93.7 89.9 Thursday 13-Oct-05 16.9 15.3
Thursday 25-Aug-05 140.3 149.4 Friday 14-Oct-05 140.5 152.8
Friday 26-Aug-05 60.3 86.4 Saturday 15-Oct-05 180.9 222.2
Saturday 27-Aug-05 99.9 81.3 Sunday 16-Oct-05 100.5 135.9
Sunday 28-Aug-05 88.1 78.3 Monday 17-Oct-05 89.5 64.3
Monday 29-Aug-05 126.4 144.2 Tuesday 18-Oct-05 193 175.5
Tuesday 30-Aug-05 184.5 160.4 Wednesday 19-Oct-05 132.2 142.6
Wednesday 31-Aug-05 173.1 175.1 Thursday 20-Oct-05 110.5 105.6
Thursday 1-Sep-05 110.2 123.5 Friday 21-Oct-05 130.2 149.2
Friday 2-Sep-05 103.8 97.3 Saturday 22-Oct-05 121.4 135.7
Saturday 3-Sep-05 147.5 172.4 Sunday 23-Oct-05 48.9 56.9
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Day Date
Influent 

(m3)
Effluent 

(m3) Day Date
Influent 

(m3)
Effluent 

(m3)
Monday 24-Oct-05 36.9 41.6 Tuesday 13-Dec-05 132.8 135.9
Tuesday 25-Oct-05 175.8 40 Wednesday 14-Dec-05 131.7 138.5
Wednesday 26-Oct-05 186.5 197.2 Thursday 15-Dec-05 124.2 110.3
Thursday 27-Oct-05 104.1 0 Friday 16-Dec-05 125.9 135.7
Friday 28-Oct-05 165.3 169.8 Saturday 17-Dec-05 111.6 109
Saturday 29-Oct-05 153 169 Sunday 18-Dec-05 45.3 27.8
Sunday 30-Oct-05 127.3 108.4 Monday 19-Dec-05 57.2 55.4
Monday 31-Oct-05 107.8 92.4 Tuesday 20-Dec-05 232.7 192
Tuesday 1-Nov-05 188.7 154.8 Wednesday 21-Dec-05 135.2 155.5
Wednesday 2-Nov-05 131.6 120.7 Thursday 22-Dec-05 114.9 123.9
Thursday 3-Nov-05 142.4 137.3 Friday 23-Dec-05 131.4 135.4
Friday 4-Nov-05 122.1 123.1 Saturday 24-Dec-05 122 237.1
Saturday 5-Nov-05 103.5 14.7 Sunday 25-Dec-05 0 122.4
Sunday 6-Nov-05 Monday 26-Dec-05 0 62.4
Monday 7-Nov-05 116.5 76.7 Tuesday 27-Dec-05 196 185.2
Tuesday 8-Nov-05 237 174.2 Wednesday 28-Dec-05 500.4 102.7
Wednesday 9-Nov-05 150.4 149.2 Thursday 29-Dec-05 150.3 122.5
Thursday 10-Nov-05 134.1 132.9 Friday 30-Dec-05 108.5 105.6
Friday 11-Nov-05 120.4 109.1 Saturday 31-Dec-05 85.7 95.8
Saturday 12-Nov-05 97.3 82.8 Sunday 1-Jan-06 200.7 101.4
Sunday 13-Nov-05 146.2 118.8 Monday 2-Jan-06 ns 54.6
Monday 14-Nov-05 80.4 91.4 Tuesday 3-Jan-06 303.7 104.1
Tuesday 15-Nov-05 208 177.7 Wednesday 4-Jan-06 131.5 105.3
Wednesday 16-Nov-05 108.8 136.3 Thursday 5-Jan-06 187.4 170.5
Thursday 17-Nov-05 107.9 96.5 Friday 6-Jan-06 153.5 152.9
Friday 18-Nov-05 128 119.4 Saturday 7-Jan-06 130.7 142.9
Saturday 19-Nov-05 122.5 127.4 Sunday 8-Jan-06 131.7 106.8
Sunday 20-Nov-05 110.8 100.2 Monday 9-Jan-06 57.9 71.4
Monday 21-Nov-05 51.6 47.4 Tuesday 10-Jan-06 269.2 139.9
Tuesday 22-Nov-05 201.1 177.5 Wednesday 11-Jan-06 141.9 143.3
Wednesday 23-Nov-05 122.4 120.7 Thursday 12-Jan-06 151.4 154.1
Thursday 24-Nov-05 140.7 125.9 Friday 13-Jan-06 118.4 110.1
Friday 25-Nov-05 105 100.9 Saturday 14-Jan-06 146.2 132.9
Saturday 26-Nov-05 177.5 149.9 Sunday 15-Jan-06 104.2 94.5
Sunday 27-Nov-05 5.3 10.4 Monday 16-Jan-06 23.9 23.2
Monday 28-Nov-05 144.8 123.3 Tuesday 17-Jan-06 162.6 139.9
Tuesday 29-Nov-05 144.3 154.9 Wednesday 18-Jan-06 138.2 142.2
Wednesday 30-Nov-05 158 170.6 Thursday 19-Jan-06 146 147.8
Thursday 1-Dec-05 106.5 114.5 Friday 20-Jan-06 103.5 104.3
Friday 2-Dec-05 138.4 134.7 Saturday 21-Jan-06 153.9 150.5
Saturday 3-Dec-05 95.2 69 Sunday 22-Jan-06 111.8 76.2
Sunday 4-Dec-05 131.6 97.5 Monday 23-Jan-06 104.3 96.1
Monday 5-Dec-05 55.5 73.3 Tuesday 24-Jan-06 140.1 132.3
Tuesday 6-Dec-05 201.5 173.9 Wednesday 25-Jan-06 162.7 165.3
Wednesday 7-Dec-05 144.7 126.6 Thursday 26-Jan-06 121 118.8
Thursday 8-Dec-05 145 151.3 Friday 27-Jan-06 137.1 140.4
Friday 9-Dec-05 122 128.1 Saturday 28-Jan-06 119.8 107.1
Saturday 10-Dec-05 141.3 115.3 Sunday 29-Jan-06 96.4 74.2
Sunday 11-Dec-05 91.7 92.3 Monday 30-Jan-06 120.3 112.7
Monday 12-Dec-05 152.3 120 Tuesday 31-Jan-06 160.9 154.4
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Day Date
Influent 

(m3)
Effluent 

(m3) Day Date
Influent 

(m3)
Effluent 

(m3)
Wednesday 1-Feb-06 144.9 127.7 Thursday 23-Mar-06 132.1 131.6
Thursday 2-Feb-06 121.7 118.1 Friday 24-Mar-06 109.8 115
Friday 3-Feb-06 136.3 130.3 Saturday 25-Mar-06 130.4 130.2
Saturday 4-Feb-06 114.8 129 Sunday 26-Mar-06 47.9 57.7
Sunday 5-Feb-06 76.5 81.1 Monday 27-Mar-06 79.1 69.8
Monday 6-Feb-06 143.5 111.9 Tuesday 28-Mar-06 230.3 189.4
Tuesday 7-Feb-06 143.4 142.5 Wednesday 29-Mar-06 124.6 146.1
Wednesday 8-Feb-06 152.9 135.7 Thursday 30-Mar-06 98.7 98.4
Thursday 9-Feb-06 123.8 133.3 Friday 31-Mar-06 133.2 134.8
Friday 10-Feb-06 127.9 119.9 Saturday 1-Apr-06 103 117.1
Saturday 11-Feb-06 170.1 137.5 Sunday 2-Apr-06 58.6 55.1
Sunday 12-Feb-06 63.5 53.1 Monday 3-Apr-06 119.2 119.6
Monday 13-Feb-06 41.8 80.1 Tuesday 4-Apr-06 148.8 160.2
Tuesday 14-Feb-06 182.9 176 Wednesday 5-Apr-06 136.9 161.9
Wednesday 15-Feb-06 170.3 162.1 Thursday 6-Apr-06 134.6 124.3
Thursday 16-Feb-06 131.9 138.8 Friday 7-Apr-06 126.9 132.6
Friday 17-Feb-06 121.9 119.8 Saturday 8-Apr-06 120.3 135.3
Saturday 18-Feb-06 142.3 131.1 Sunday 9-Apr-06 82.9 73.7
Sunday 19-Feb-06 131.2 109.1 Monday 10-Apr-06 86.4 92.5
Monday 20-Feb-06 90.9 88.9 Tuesday 11-Apr-06 179.1 183.1
Tuesday 21-Feb-06 164.5 160 Wednesday 12-Apr-06 121.2 132.5
Wednesday 22-Feb-06 132.8 127.6 Thursday 13-Apr-06 124.4 124.7
Thursday 23-Feb-06 142.1 135.1 Friday 14-Apr-06 116.8 124.2
Friday 24-Feb-06 110 109.7 Saturday 15-Apr-06 102.8 112.7
Saturday 25-Feb-06 121.1 123.8 Sunday 16-Apr-06 104.7 77.1
Sunday 26-Feb-06 24.2 30.7 Monday 17-Apr-06 205.9 103.9
Monday 27-Feb-06 85.9 81.4 Tuesday 18-Apr-06 111 117.2
Tuesday 28-Feb-06 100 94.1 Wednesday 19-Apr-06 111 118.6
Wednesday 1-Mar-06 212.9 173.1 Thursday 20-Apr-06 122.1 113.8
Thursday 2-Mar-06 147.3 151.1 Friday 21-Apr-06 135.7 135.5
Friday 3-Mar-06 122.8 133.8 Saturday 22-Apr-06 104.5 119.8
Saturday 4-Mar-06 129.9 127.8 Sunday 23-Apr-06 108.3 88
Sunday 5-Mar-06 113 103.5 Monday 24-Apr-06 86.7 94.8
Monday 6-Mar-06 53.1 71.1 Tuesday 25-Apr-06 109.9 90.8
Tuesday 7-Mar-06 221.3 176.5 Wednesday 26-Apr-06 165.8 253
Wednesday 8-Mar-06 128.1 134.9 Thursday 27-Apr-06 109.5 120.2
Thursday 9-Mar-06 136 139 Friday 28-Apr-06 109.3 111.6
Friday 10-Mar-06 93.9 101.8 Saturday 29-Apr-06 98.4 102.5
Saturday 11-Mar-06 117.9 131.4 Sunday 30-Apr-06 77.9 69.6
Sunday 12-Mar-06 150.7 94.9 Monday 1-May-06 87.5 91.7
Monday 13-Mar-06 54.5 51.2 Tuesday 2-May-06 141.4 151.7
Tuesday 14-Mar-06 177.9 159.9 Wednesday 3-May-06 114 107.2
Wednesday 15-Mar-06 303.2 189.4 Thursday 4-May-06 114.2 119.7
Thursday 16-Mar-06 125.6 141.8 Friday 5-May-06 131.9 124.8
Friday 17-Mar-06 125.3 117.3 Saturday 6-May-06 84.5 85.1
Saturday 18-Mar-06 106.3 111.4 Sunday 7-May-06 92.8 120.2
Sunday 19-Mar-06 74.8 67 Monday 8-May-06 61.5 44.2
Monday 20-Mar-06 43.4 49.4 Tuesday 9-May-06 184.6 160.8
Tuesday 21-Mar-06 219.6 191.9 Wednesday 10-May-06 99.3 124.6
Wednesday 22-Mar-06 132.1 151.2 Thursday 11-May-06 136.1 134.1
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Day Date
Influent 

(m3)
Effluent 

(m3) Day Date
Influent 

(m3)
Effluent 

(m3)
Friday 12-May-06 130.1 151.7 Saturday 1-Jul-06 124.1 72.2
Saturday 13-May-06 136.4 139.6 Sunday 2-Jul-06 77.6 52.2
Sunday 14-May-06 116.9 114.7 Monday 3-Jul-06 76.6 86
Monday 15-May-06 98.4 103.6 Tuesday 4-Jul-06 180.4 133.9
Tuesday 16-May-06 158.2 158.9 Wednesday 5-Jul-06 151.7 171.2
Wednesday 17-May-06 151.2 171.9 Thursday 6-Jul-06 123.8 125
Thursday 18-May-06 121.9 125.4 Friday 7-Jul-06 115.4 111.6
Friday 19-May-06 134.9 137.7 Saturday 8-Jul-06 137.2 124.6
Saturday 20-May-06 121.3 131.1 Sunday 9-Jul-06 108.1 223.3
Sunday 21-May-06 32.8 34.4 Monday 10-Jul-06 98 90
Monday 22-May-06 168.1 153.6 Tuesday 11-Jul-06 99.1 115.3
Tuesday 23-May-06 120.8 145.2 Wednesday 12-Jul-06 137.5 124.6
Wednesday 24-May-06 164.2 182.2 Thursday 13-Jul-06 125.5 128.9
Thursday 25-May-06 113.3 110.7 Friday 14-Jul-06 136.8 117.2
Friday 26-May-06 143.7 148.6 Saturday 15-Jul-06 140.7 141.2
Saturday 27-May-06 96.3 107.8 Sunday 16-Jul-06 95.5 96.1
Sunday 28-May-06 118.6 102.6 Monday 17-Jul-06 70.6 69.1
Monday 29-May-06 126 131.3 Tuesday 18-Jul-06 168.3 167.6
Tuesday 30-May-06 127.8 157.3 Wednesday 19-Jul-06 174.2 182.5
Wednesday 31-May-06 114.7 125.6 Thursday 20-Jul-06 201.6 123.8
Thursday 1-Jun-06 121.6 97.4 Friday 21-Jul-06 122.6 155.8
Friday 2-Jun-06 99.6 112.9 Saturday 22-Jul-06 159.1 154.7
Saturday 3-Jun-06 141.6 158.6 Sunday 23-Jul-06 87.9 72.6
Sunday 4-Jun-06 104.9 112.9 Monday 24-Jul-06 116 179.2
Monday 5-Jun-06 112.1 117.8 Tuesday 25-Jul-06 143.3 151.3
Tuesday 6-Jun-06 117.9 122.9 Wednesday 26-Jul-06 117.7 89.5
Wednesday 7-Jun-06 122.8 129.5 Thursday 27-Jul-06 118.8 132.2
Thursday 8-Jun-06 112.7 112.3 Friday 28-Jul-06 140.1 154
Friday 9-Jun-06 138.9 133.2 Saturday 29-Jul-06 107.8 81.3
Saturday 10-Jun-06 110 124.7 Sunday 30-Jul-06 139 114.9
Sunday 11-Jun-06 106.7 112.7 Monday 31-Jul-06 91 98.5
Monday 12-Jun-06 114.3 111 Tuesday 1-Aug-06 187 172.5
Tuesday 13-Jun-06 138.3 165.2 Wednesday 2-Aug-06 134.4 138
Wednesday 14-Jun-06 106.8 111.9 Thursday 3-Aug-06 143.7 111
Thursday 15-Jun-06 153.8 136.7 Friday 4-Aug-06 162.6 135.7
Friday 16-Jun-06 118.9 132.3 Saturday 5-Aug-06 143.6 138.5
Saturday 17-Jun-06 122.5 127.4 Sunday 6-Aug-06 103.9 73.1
Sunday 18-Jun-06 121.7 135 Monday 7-Aug-06 89.1 69.9
Monday 19-Jun-06 88.5 80.8 Tuesday 8-Aug-06 198.2 161.2
Tuesday 20-Jun-06 159.8 173.3 Wednesday 9-Aug-06 109.4 170.7
Wednesday 21-Jun-06 112.5 147.3 Thursday 10-Aug-06 148.4 143.2
Thursday 22-Jun-06 128.6 92.6 Friday 11-Aug-06 103.2 96.3
Friday 23-Jun-06 117.1 138.4 Saturday 12-Aug-06 162.4 125.5
Saturday 24-Jun-06 129.6 121.6 Sunday 13-Aug-06 129.4 80.4
Sunday 25-Jun-06 69.8 75.8 Monday 14-Aug-06 75.2 68.2
Monday 26-Jun-06 46.4 51.8 Tuesday 15-Aug-06 155.9 166.3
Tuesday 27-Jun-06 185.4 201.4 Wednesday 16-Aug-06 157.5 144.7
Wednesday 28-Jun-06 100.5 104.7 Thursday 17-Aug-06 92.8 98.9
Thursday 29-Jun-06 130.5 116 Friday 18-Aug-06 92.8 53.2
Friday 30-Jun-06 101.3 93.3 Saturday 19-Aug-06 142.7 104.7
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Day Date
Influent 

(m3)
Effluent 

(m3) Day Date
Influent 

(m3)
Effluent 

(m3)
Sunday 20-Aug-06 128.7 130.1 Wednesday 11-Oct-06 162.7 182.7
Monday 21-Aug-06 91.3 90.7 Thursday 12-Oct-06 125.7 125.3
Tuesday 22-Aug-06 136.9 124.9 Friday 13-Oct-06 135 145
Wednesday 23-Aug-06 141.1 136.5 Saturday 14-Oct-06 120.6 98.1
Thursday 24-Aug-06 104.9 103.8 Sunday 15-Oct-06 123 135
Friday 25-Aug-06 114.8 126.8 Monday 16-Oct-06 88.6 62
Saturday 26-Aug-06 132.1 114.8 Tuesday 17-Oct-06 26.6 18.5
Sunday 27-Aug-06 132.9 89.1 Wednesday 18-Oct-06 179.5 212.4
Monday 28-Aug-06 83.2 50.8 Thursday 19-Oct-06 169 167
Tuesday 29-Aug-06 96.3 122.5 Friday 20-Oct-06 152.4 150.7
Wednesday 30-Aug-06 147.7 127.4 Saturday 21-Oct-06 143.4 133
Thursday 31-Aug-06 149 125.1 Sunday 22-Oct-06 89.5 96.2
Friday 1-Sep-06 105 115.9 Monday 23-Oct-06 65 44.9
Saturday 2-Sep-06 127.4 215.9 Tuesday 24-Oct-06 221.6 211.6
Sunday 3-Sep-06 134.4 108.7 Wednesday 25-Oct-06 154.2 164
Monday 4-Sep-06 116.2 71.9 Thursday 26-Oct-06 124.8 109.3
Tuesday 5-Sep-06 136.8 54.3 Friday 27-Oct-06 135 122.9
Wednesday 6-Sep-06 172.6 184.4 Saturday 28-Oct-06 125.7 123
Thursday 7-Sep-06 106.1 0 Sunday 29-Oct-06 152.2 143.4
Friday 8-Sep-06 116.5 104.6 Monday 30-Oct-06 115.7 106.2
Saturday 9-Sep-06 94 144.5 Tuesday 31-Oct-06 178.1 166.9
Monday 11-Sep-06 157.8 37.7 Wednesday 1-Nov-06 111.5 107.5
Tuesday 12-Sep-06 168.2 171.1 Thursday 2-Nov-06 136.1 99.5
Wednesday 13-Sep-06 163.5 164.5 Friday 3-Nov-06 113.1 128.3
Thursday 14-Sep-06 97.6 76 Saturday 4-Nov-06 140.3 108.5
Friday 15-Sep-06 112.3 125.7 Sunday 5-Nov-06 118.1 142.7
Saturday 16-Sep-06 120.4 119.7 Monday 6-Nov-06 131.4 111.4
Sunday 17-Sep-06 94.5 81 Tuesday 7-Nov-06 161.4 163.7
Monday 18-Sep-06 119.3 117 Wednesday 8-Nov-06 135.2 134.7
Tuesday 19-Sep-06 153.5 150.8 Thursday 9-Nov-06 121.1 107.6
Wednesday 20-Sep-06 105.2 124.6 Friday 10-Nov-06 112.6 103.1
Thursday 21-Sep-06 116 109.5 Saturday 11-Nov-06 136.4 142.5
Friday 22-Sep-06 316.2 180 Sunday 12-Nov-06 166.3 126
Sunday 24-Sep-06 154.5 186.1 Monday 13-Nov-06 66.8 62.4
Monday 25-Sep-06 86.4 131.8 Tuesday 14-Nov-06 176.8 148.5
Tuesday 26-Sep-06 179.9 189.7 Wednesday 15-Nov-06 160.5 144.8
Wednesday 27-Sep-06 133.9 77.3 Thursday 16-Nov-06 132.4 127.3
Thursday 28-Sep-06 144.5 153.9 Friday 17-Nov-06 125.6 127
Friday 29-Sep-06 109.3 117.7 Saturday 18-Nov-06 128.2 134.7
Saturday 30-Sep-06 145.9 150.1 Sunday 19-Nov-06 171.2 112
Sunday 1-Oct-06 118.8 100.4 Monday 20-Nov-06 134.6 114
Monday 2-Oct-06 125.4 95.9 Tuesday 21-Nov-06 174.6 175.3
Tuesday 3-Oct-06 162.3 151.1 Wednesday 22-Nov-06 145.6 140.8
Wednesday 4-Oct-06 169.1 161.7 Thursday 23-Nov-06 126.6 111.7
Thursday 5-Oct-06 121.9 119.2 Friday 24-Nov-06 132 132.3
Friday 6-Oct-06 147 125.1 Saturday 25-Nov-06 125.7 129.6
Saturday 7-Oct-06 106.2 109.9 Sunday 26-Nov-06 178.8 120.9
Sunday 8-Oct-06 110.7 111 Monday 27-Nov-06 130.4 109.3
Monday 9-Oct-06 97.6 73 Tuesday 28-Nov-06 129.9 106.4
Tuesday 10-Oct-06 161.3 150.5 Wednesday 29-Nov-06 145.8 135.5
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Day Date
Influent 

(m3)
Effluent 

(m3) Day Date
Influent 

(m3)
Effluent 

(m3)
Thursday 30-Nov-06 118.5 113.9 Friday 19-Jan-07 162.3 138.3
Friday 1-Dec-06 134 125.2 Saturday 20-Jan-07 93.5
Saturday 2-Dec-06 135.7 129.4
Sunday 3-Dec-06 146.5 114.6
Monday 4-Dec-06 112.8 91.1
Tuesday 5-Dec-06 161.3 142.2
Wednesday 6-Dec-06 128 107.4
Thursday 7-Dec-06 124.1 123.8
Friday 8-Dec-06 116.5 112.5
Saturday 9-Dec-06 137.5 131.7
Sunday 10-Dec-06 149.1 91.8
Monday 11-Dec-06 120.6 110.5
Tuesday 12-Dec-06 173.2 181.1
Wednesday 13-Dec-06 115 96.6
Thursday 14-Dec-06 132.2 121.4
Friday 15-Dec-06 114.2 96.3
Saturday 16-Dec-06 133.4 95.2
Sunday 17-Dec-06 115.3 163.5
Monday 18-Dec-06 100.9 90.1
Tuesday 19-Dec-06 199.2 199.1
Wednesday 20-Dec-06 154 156.4
Thursday 21-Dec-06 126.2 114
Friday 22-Dec-06 118.8 110.6
Saturday 23-Dec-06 142.7 133.9
Sunday 24-Dec-06 163.2 102.6
Monday 25-Dec-06 200.6 86.6
Tuesday 26-Dec-06 50.6 99.6
Wednesday 27-Dec-06 174.6 140.8
Thursday 28-Dec-06 131.3 151.9
Friday 29-Dec-06 136.1 130.9
Saturday 30-Dec-06 118.2 109.1
Sunday 31-Dec-06 179.6 141
Monday 1-Jan-07 171.6
Tuesday 2-Jan-07 0 157.6
Wednesday 3-Jan-07 175 139.2
Thursday 4-Jan-07 125.6 155.3
Friday 5-Jan-07 137.8 134.9
Saturday 6-Jan-07 108.1 100.7
Sunday 7-Jan-07 153 112.5
Monday 8-Jan-07 129.9 104.4
Tuesday 9-Jan-07 191.5 187.9
Wednesday 10-Jan-07 84.7 52.9
Thursday 11-Jan-07 136.2 166.9
Friday 12-Jan-07 122.2 128.7
Saturday 13-Jan-07 126 135.4
Sunday 14-Jan-07 154.7 121.1
Monday 15-Jan-07 134.6 92.7
Tuesday 16-Jan-07 154.2 83.3
Wednesday 17-Jan-07 146.7 183.8
Thursday 18-Jan-07 135.2 99.8
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Appendix B: 
Sludge Analytical Certificates 



Ð¿²¹ Ð´¿²¬ Ñ°¬·³·¦¿¬·±²

îðóÚ»¾óðéÜßÌÛ ÎÛÐÑÎÌÛÜæ

Ý¿¼«½»±² Û²ª·®±²³»²¬¿´ Ô¿¾±®¿¬±®·»­

êïíóëîêóïîìì

îíéè Ø±´´§ Ô¿²» 

Ñ¬¬¿©¿ô Ñ²¬¿®·±ô ÕïÊ éÐï

êïíóëîêóðïîíÌ»´æ

Ú¿¨æ

ÖÑÞñÐÎÑÖÛÝÌ ÒÑòæ

ÎÛÐÑÎÌ Ò±ò Þðéóðîçéí

Ü·´´±² Ý±²­«´¬·²¹ Ô·³·¬»¼

îððóèçë É¿ª»®´»§ Í¬ò 

É·²²·°»¹ô Ó¿²·¬±¾¿ô ÎíÌ ëÐì

Î»°±®¬ Ì±æ

ß¬¬»²¬·±²æ Ìò É¿½´¿©

íïóÖ¿²óðéÜßÌÛ ÎÛÝÛ×ÊÛÜæ

ÐòÑò ÒËÓÞÛÎæ

ÉßÌÛÎÉÑÎÕÍ ÒÑòÔ·¯«·¼ Í´«¼¹»ÍßÓÐÔÛ ÓßÌÎ×Èæ

ÝòÑòÝòæ óóó

Ð¿®¿³»¬»® Ë²·¬­ ÓòÜòÔò
Î»º»®»²½» 

Ó»¬¸±¼

Ü¿¬» 

ß²¿´§¦»¼

Ü·¹ò Í´«¼¹»Ý´·»²¬ ×òÜòæ

ÞðéóðîçéíóïÍ¿³°´» ×òÜòæ

îðóÖ¿²óðéÜ¿¬» Ý±´´»½¬»¼æ

Ì±¬¿´ Í«­°»²¼»¼ Í±´·¼­ ïíéðð³¹ñÔ í ÍÓ îëìð ðïóÚ»¾óðé

Ê±´¿¬·´» Í«­°»²¼»¼ Í±´·¼­ ïðéðð³¹ñÔ í ÛÐß ïêðòì ðëóÚ»¾óðé

ß´«³·²«³ îéç³¹ñÔ ðòðë ÍÓ íïîð ðëóÚ»¾óðé

ß®­»²·½ ðòðîð³¹ñÔ ðòððë ÍÓ íïïì ðîóÚ»¾óðé

Ý¿¼³·«³ ä ðòðí³¹ñÔ ðòðí ÍÓ íïîð ðëóÚ»¾óðé

Ý¸®±³·«³ ðòîï³¹ñÔ ðòðï ÍÓ íïîð ðëóÚ»¾óðé

Ý±¾¿´¬ ä ðòðí³¹ñÔ ðòðí ÍÓ íïîð ðëóÚ»¾óðé

Ý±°°»® éòêí³¹ñÔ ðòðï ÍÓ íïîð ðëóÚ»¾óðé

Ô»¿¼ ðòì³¹ñÔ ðòï ÍÓ íïîð ðëóÚ»¾óðé

Ó»®½«®§ ðòðîð³¹ñÔ ðòððî ÛÐß éìéïß ïîóÚ»¾óðé

Ó±´§¾¼»²«³ ðòðé³¹ñÔ ðòðë ÍÓ íïîð ðëóÚ»¾óðé

Ò·½µ»´ ðòïë³¹ñÔ ðòðë ÍÓ íïîð ðëóÚ»¾óðé

Í»´»²·«³ ðòðíë³¹ñÔ ðòððë ÍÓ íïïì ðïóÚ»¾óðé

Æ·²½ çòêì³¹ñÔ ðòðí ÍÓ íïîð ðëóÚ»¾óðé

Ð¿¹» ï ±º ïò

Ù®»¹ Ý´¿®µ·² ô ÞÍ½òô Ýò Ý¸»³

Ô¿¾ Ó¿²¿¹»® ó Ñ¬¬¿©¿ Ü·­¬®·½¬ÓòÜòÔò ã Ó»¬¸±¼ Ü»¬»½¬·±² Ô·³·¬ Ô¿¾ Ó¿²¿¹»® ó Ñ¬¬¿©¿ Ü·­¬®·½¬

Ù®»¹ Ý´¿®µ·² ô ÞÍ½òô Ýò Ý¸»³



Ð¿²¹ Ð´¿²¬ Ñ°¬·³·¦¿¬·±²

îðóÚ»¾óðéÜßÌÛ ÎÛÐÑÎÌÛÜæ

Ý¿¼«½»±² Û²ª·®±²³»²¬¿´ Ô¿¾±®¿¬±®·»­

êïíóëîêóïîìì

îíéè Ø±´´§ Ô¿²» 

Ñ¬¬¿©¿ô Ñ²¬¿®·±ô ÕïÊ éÐï

êïíóëîêóðïîíÌ»´æ

Ú¿¨æ

ÖÑÞñÐÎÑÖÛÝÌ ÒÑòæ

ÎÛÐÑÎÌ Ò±ò Þðéóðîçéî

Ü·´´±² Ý±²­«´¬·²¹ Ô·³·¬»¼

îððóèçë É¿ª»®´»§ Í¬ò 

É·²²·°»¹ô Ó¿²·¬±¾¿ô ÎíÌ ëÐì

Î»°±®¬ Ì±æ

ß¬¬»²¬·±²æ Ìò É¿½´¿©

íïóÖ¿²óðéÜßÌÛ ÎÛÝÛ×ÊÛÜæ

ÐòÑò ÒËÓÞÛÎæ

ÉßÌÛÎÉÑÎÕÍ ÒÑòÍ±´·¼ Í´«¼¹»ÍßÓÐÔÛ ÓßÌÎ×Èæ

ÝòÑòÝòæ óóó

Ð¿®¿³»¬»® Ë²·¬­ ÓòÜòÔò
Î»º»®»²½» 

Ó»¬¸±¼

Ü¿¬» 

ß²¿´§¦»¼

Þ¿¹ Í´«¼¹»Ý´·»²¬ ×òÜòæ

ÞðéóðîçéîóïÍ¿³°´» ×òÜòæ

îðóÖ¿²óðéÜ¿¬» Ý±´´»½¬»¼æ

Ì±¬¿´  Í±´·¼­ êòëû ¾§ ©¬ ðòï ÍÓ îëìð ðîóÚ»¾óðé

Ê±´¿¬·´» Í±´·¼­ éçòèû ¾§ ©¬ ðòï ÛÐß ïêðòì ðîóÚ»¾óðé ï

ß´«³·²«³ ïìïððk¹ñ¹ ïð ÛÐß êðïð ðëóÚ»¾óðé

ß®­»²·½ ä ïk¹ñ¹ ï ØÇÜÍÉÙó
Ûíðçï

ðîóÚ»¾óðé

Ý¿¼³·«³ ïòìk¹ñ¹ ðòë ÛÐß êðïð ðëóÚ»¾óðé

Ý¿´½·«³ ïîëððk¹ñ¹ ïð ÛÐß êðïð ðëóÚ»¾óðé

Ý¸®±³·«³ ïìk¹ñ¹ ï ÛÐß êðïð ðëóÚ»¾óðé

Ý±¾¿´¬ ïk¹ñ¹ ï ÛÐß êðïð ðëóÚ»¾óðé

Ý±°°»® ìðïk¹ñ¹ ï ÛÐß êðïð ðëóÚ»¾óðé

Ô»¿¼ ïík¹ñ¹ ë ÛÐß êðïð ðëóÚ»¾óðé

Ó»®½«®§ ïòëk¹ñ¹ ðòï ÛÐß éìéïß ðëóÚ»¾óðé î

Ó±´§¾¼»²«³ ík¹ñ¹ ï ÛÐß êðïð ðëóÚ»¾óðé

Ò·½µ»´ çk¹ñ¹ ï ÛÐß êðïð ðëóÚ»¾óðé

Í»´»²·«³ ïðòðk¹ñ¹ ðòï ØÇÜÍÉÙó
Ûíðçï

ðîóÚ»¾óðé

Æ·²½ ëîîk¹ñ¹ ï ÛÐß êðïð ðëóÚ»¾óðé

ï ò û ÉñÉ ±º þ¼®§þ ­¿³°´» øëòî û ±º þ©»¬þ ­¿³°´»÷

î ò ­«¾½±²¬®¿½¬»¼ ¬± Ð¿®¿½»´ Ô¿¾­

Ð¿¹» ï ±º ïò

Ù®»¹ Ý´¿®µ·² ô ÞÍ½òô Ýò Ý¸»³

Ô¿¾ Ó¿²¿¹»® ó Ñ¬¬¿©¿ Ü·­¬®·½¬ÓòÜòÔò ã Ó»¬¸±¼ Ü»¬»½¬·±² Ô·³·¬ Ô¿¾ Ó¿²¿¹»® ó Ñ¬¬¿©¿ Ü·­¬®·½¬

Ù®»¹ Ý´¿®µ·² ô ÞÍ½òô Ýò Ý¸»³



Ð¿²¹ Ð´¿²¬ Ñ°¬·³·¦¿¬·±²

îðóÚ»¾óðéÜßÌÛ ÎÛÐÑÎÌÛÜæ

Ý¿¼«½»±² Û²ª·®±²³»²¬¿´ Ô¿¾±®¿¬±®·»­

êïíóëîêóïîìì

îíéè Ø±´´§ Ô¿²» 

Ñ¬¬¿©¿ô Ñ²¬¿®·±ô ÕïÊ éÐï

êïíóëîêóðïîíÌ»´æ

Ú¿¨æ

ÖÑÞñÐÎÑÖÛÝÌ ÒÑòæ

ÎÛÐÑÎÌ Ò±ò Þðéóðîçéð

Ü·´´±² Ý±²­«´¬·²¹ Ô·³·¬»¼

îððóèçë É¿ª»®´»§ Í¬ò 

É·²²·°»¹ô Ó¿²·¬±¾¿ô ÎíÌ ëÐì

Î»°±®¬ Ì±æ

ß¬¬»²¬·±²æ Ìò É¿½´¿©

íïóÖ¿²óðéÜßÌÛ ÎÛÝÛ×ÊÛÜæ

ÐòÑò ÒËÓÞÛÎæ

ÉßÌÛÎÉÑÎÕÍ ÒÑòÉ¿­¬» É¿¬»®ÍßÓÐÔÛ ÓßÌÎ×Èæ

ÝòÑòÝòæ óóó

Ð¿®¿³»¬»® Ë²·¬­ ÓòÜòÔò
Î»º»®»²½» 

Ó»¬¸±¼

Ü¿¬» 

ß²¿´§¦»¼

×²º´«»²¬ Ûºº´«»²¬Ý´·»²¬ ×òÜòæ

Þðéóðîçéðóï ÞðéóðîçéðóîÍ¿³°´» ×òÜòæ

îðóÖ¿²óðé îðóÖ¿²óðéÜ¿¬» Ý±´´»½¬»¼æ

ÞÑÜ çéè ìë³¹ñÔ ï ÍÓ ëîïð ðïóÚ»¾óðé

ÝÑÜ ïéçð ïëî³¹ñÔ ë ØßÝØ èððð ðîóÚ»¾óðé

Ñ·´ ú Ù®»¿­»óÌ±¬¿´ ïêê éòî³¹ñÔ ï ÍÓ ëëîð ðëóÚ»¾óðé

Ì±¬¿´ Í«­°»²¼»¼ Í±´·¼­ ìíð íë³¹ñÔ í ÍÓ îëìð ðïóÚ»¾óðé

Ò·¬®¿¬» øÒ÷ ðòí ïòî³¹ñÔ ðòï ÛÐß íððòð íïóÖ¿²óðé

ß³³±²·¿ øÒ÷óÌ±¬¿´ ïíê èòèç³¹ñÔ ðòðï ÛÐß íëðòî ðîóÚ»¾óðé

Ì±¬¿´ Õ¶»´¼¿¸´ Ò·¬®±¹»² ïêð ìèòç³¹ñÔ ðòðë ÛÐß íëïòî ðîóÚ»¾óðé

Ð¸±­°¸±®«­óÌ±¬¿´ ïèòì êòìç³¹ñÔ ðòðï ÛÐß íêëòì ðîóÚ»¾óðé

ß´«³·²«³ ìòðë ðòíî³¹ñÔ ðòðï ÍÓ íïîð ðïóÚ»¾óðé

ß®­»²·½ ðòððï ðòððï³¹ñÔ ðòðððï ÛÐß îððòè ðëóÚ»¾óðé ï ï

Ý¿¼³·«³ ä ðòððë ä ðòððë³¹ñÔ ðòððë ÍÓ íïîð ðïóÚ»¾óðé

Ý¸®±³·«³ ðòððç ä ðòððî³¹ñÔ ðòððî ÍÓ íïîð ðïóÚ»¾óðé

Ý±¾¿´¬ ä ðòððë ä ðòððë³¹ñÔ ðòððë ÍÓ íïîð ðïóÚ»¾óðé

Ý±°°»® ðòïìì ðòðìç³¹ñÔ ðòððî ÍÓ íïîð ðïóÚ»¾óðé

Ô»¿¼ ä ðòðî ä ðòðî³¹ñÔ ðòðî ÍÓ íïîð ðïóÚ»¾óðé

Ó»®½«®§ ðòðððî ä ðòðððî³¹ñÔ ðòðððï ÍÓ íïïî ðïóÚ»¾óðé

Ó±´§¾¼»²«³ ä ðòðï ä ðòðï³¹ñÔ ðòðï ÍÓ íïîð ðïóÚ»¾óðé

Ò·½µ»´ ðòðï ä ðòðï³¹ñÔ ðòðï ÍÓ íïîð ðïóÚ»¾óðé

Í»´»²·«³ ðòððé ä ðòððë³¹ñÔ ðòðððë ÛÐß îððòè ðëóÚ»¾óðé ï ï

Æ·²½ ðòíìî ðòðìç³¹ñÔ ðòððë ÍÓ íïîð ðïóÚ»¾óðé

Ú»½¿´ Ý±´·º±®³ óó èìðð½¬­ñïðð³Ô ï ÓÑÛ Ûííéï íïóÖ¿²óðé

ï ò Ü·´«¬»¼ ¼«» ¬± ³¿¬®·¨ ·²¬»®º»®»²½»

Ð¿¹» ï ±º ïò

Ù®»¹ Ý´¿®µ·² ô ÞÍ½òô Ýò Ý¸»³

Ô¿¾ Ó¿²¿¹»® ó Ñ¬¬¿©¿ Ü·­¬®·½¬ÓòÜòÔò ã Ó»¬¸±¼ Ü»¬»½¬·±² Ô·³·¬ Ô¿¾ Ó¿²¿¹»® ó Ñ¬¬¿©¿ Ü·­¬®·½¬

ÒÑÌÛæ Ý´·»²¬ ®»¯«»­¬»¼ ¬¸¿¬ ©» °®±½»»¼ ©·¬¸ ¿²¿´§­·­ ±º ÞÑÜ ¿²¼ Ò·¬®¿¬» ¼»­°·¬» 
»¨½»»¼¿²½»­ ·² ¸±´¼·²¹ ¬·³»­ò

Ù®»¹ Ý´¿®µ·² ô ÞÍ½òô Ýò Ý¸»³







 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix C: 
Plant Existing Equipment List 



PANGNIRTUNG WASTE WATER TREATMENT PLANT 
 
List of Equipment  
 
Sewage Receiving Tanks: 

- 2  “Goulds” series 3888 pumps, 1½ HP  rated for 200 USGPM @ 7-ft TDH 
(Receiving Tank, Vol. 2000 USG), 

- 2  “Goulds” series 3888, 1½ HP  rated for 200 USGPM @ 21-ft TDH  
(Screened Tank, Vol. 2000 USG), 

- 8  “Flygt” ENM-10 float switches, 
- 1  “Endress & Hauser” model 33, 4-inch magnetic influent flow meter. 

 
 
Sewage Screen: 

- 1  “IPEC” model IFU – 30”x 36” internally fed, Uni-Frame rotary screen, 
with 3mm wedge wire screen and ½ HP TEFC motor. 

- 1  “IPEC” screenings compactor/conveyor for above with 1 HP TEFC motor, 
- 1  “IPEC” screenings bagger for above with bag magazine, 
- 1  “IPEC” local control panel for screen and bagger. 

 
 
Equalization Tank 

- 1  “Aqua Store” bolted glass fused to steel tank, 25.18 ft dia x 13.75 ft high, 
Vol. – 50000 USG , c/w glass fused to steel floor, manway and sectional 
aluminum cover, 

- 1  “Milltronics” ultra-sonic level sensor, 24-VDC, 
- 1  “Flygt” ENM-10 float switch for high level alarm, 
- 6  “EDI” model 84P diffusers, 
- 2  “Eagle” model EP-67 CSQM progressing cavity feed pumps, p/w 2 HP, 

1200 RPM, 600/3/60 TFC motors, 
 
 
Biological Process components: 

- 2   Fabricated aluminum biozones, Vol. –  4000 USG each, 
- 2   Fabricated aluminum final clarifiers, Vol. – 7000 USG each, 
- 4  “Goulds” model 3872, ½ HP scum pumps, 
- 4  “Eagle” model EP-44 CSQM progressing cavity sludge pumps, p/w ½ HP, 
- 1  “Endress & Hauser” model 33, 4-inch magnetic effluent flow meter. 

 
 
 
 
 
 
 
 



Sludge System: 
- 1  “Aqua Store” bolted glass fused to steel sludge digester tank, 16.78 ft dia x 

13.75 ft high, Vol. – 20000 USG, c/w glass fused to steel floor, manway, 
decant piping and sectional aluminum cover, 

- 1  “Milltronics” ultra-sonic level sensor, 24-VDC, 
- 1  “Flygt” ENM-10 float switch for high level alarm, 
- 5  “EDI” model 84P diffusers, 
- 1  “Envirodyne”, 12-vag sludge bagger, c/w sludge pump, polymer make-up 

system and control panel, 
- 1  “Goulds” model LSPO3-V filtrate return sump pump, 
- Sludge bags and “Zetag” 7557 sludge dewatering polymer. 

 
 
Aeration System: 

- 2   “Sutorbilt” model 4HVP  positive displacement blowers, each p/w 7½ HP, 
600/3/60 TEFC motors and c/w inlet filter/silencers, check valve, weighted 
relief valves and pressure gauges. Each rated at 150 CFM @ 7 psi, 

- 2   “Sutorbilt”  model 3MVP positive displacement blowers, each p/w 5 HP, 
600/3/60 TEFC motors and c/w inlet filter/silencers, check valves, weighted 
relief valves and pressure gauges. Each rated at 70 CFM @ 7 psi. 

 
 
Control System: 

- Custom control panel as manufactured by BCA-Clearwater Controls and 
Automation, includes VFDs for the feed pumps, PLC logic and phone modem. 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix D: 
Hamlet of Pangnirtung Water Licence 

 




































