
 

(i) 
L:\PROJECTS\Wat\6234000\03\200-Con\Conceptual Design Report\Table of Contents.doc 

City of Winnipeg 
Water and Waste Department 

Nitrification Study 
Conceptual Design Report 

 
Table of Contents 

SECTION TITLE PAGE NO. 

PART I INTRODUCTION AND PLANNING FRAMEWORK 

1.0 INTRODUCTION 

1.1 Nitrification Study and Background and Objective.............................. 1-1 
1.1.1 Background.............................................................................. 1-1 
1.1.2 Objective.................................................................................. 1-2 

1.2 Purpose and Objectives of Conceptual Design Phase........................... 1-3 
1.3 Organization of This Document ........................................................... 1-4 

2.0 PLANNING APPROACH 

2.1 Introduction........................................................................................... 2-1 
2.2 Flows and Loads ................................................................................... 2-1 

2.2.1 Preamble .................................................................................. 2-1 
2.2.2 North End Water Pollution Control Centre (NEWPCC) ......... 2-1 
2.2.3 South End Water Pollution Control Centre (SEWPCC).......... 2-12 
2.2.4 West End Water Pollution Control Centre (WEWPCC) ......... 2-22 

2.3 Approach to Modeling .......................................................................... 2-30 
2.3.1 Model Description ................................................................... 2-30 
2.3.2 Use of BioWin for Modeling................................................ 2-31 
2.3.3 Version of BioWinUsed in This Report ............................... 2-33 

2.4 Development of Cost Estimates............................................................ 2-33 
2.4.1 General Approach.................................................................... 2-33 
2.4.2 Cost Information Services ....................................................... 2-34 
2.4.3 Capital Costs ............................................................................ 2-35 
2.4.4 Operating and Maintenance Costs ........................................... 2-36 
2.4.5 Future Impact Costs ................................................................. 2-37 
2.4.6 Net Present Value Costs .......................................................... 2-37 
2.4.7 Range Estimating..................................................................... 2-38 

PART II FIRST PRIORITY CONTROL ALTERNATIVES 

3.0 FIRST PRIORITY CONTROL ALTERNATIVES 

3.1 Alternatives Considered........................................................................ 3-1 
3.2 Effluent Targets .................................................................................... 3-2 

4.0 BEST PRACTICABLE LEVEL OF CONTROL 

4.1 Preamble ............................................................................................... 4-1 
4.2 North End Water Pollution Control Centre (NEWPCC) ...................... 4-1 

4.2.1 Model Input ............................................................................. 4-1 



SECTION TITLE PAGE NO. 

4.2.2 Preliminary Considerations and the Selected Option .............. 4-1 
4.2.3 Splitting of Flows Between Existing and New Tankage ......... 4-2 
4.2.4 Process Design and Operational Parameters............................ 4-4 
4.2.5 Bioreactor Configuration ......................................................... 4-6 
4.2.6 Projected Performance............................................................. 4-7 
4.2.7 Oxygen and Aeration Requirements........................................ 4-7 
4.2.8 Site Layout – NEWPCC .......................................................... 4-8 
4.2.9 Best Practicable Level of Control -  

Statistical Analysis of the Projected Effluent Ammonia ......... 4-8 
4.3 Waste Activated Sludge Thickening – NEWPCC ................................ 4-10 

4.3.1 General..................................................................................... 4-10 
4.3.2 Secondary Sludge Quantities ................................................... 4-11 
4.3.3 Thickening Options – Process Selection ................................. 4-11 
4.3.4 Process Description ................................................................. 4-13 

4.4 South End Water Pollution Control Centre (SEWPCC)....................... 4-16 
4.4.1 Model Input ............................................................................. 4-16 
4.4.2 Preliminary Considerations and the Selected Option .............. 4-16 
4.4.3 Process Design and Operational Parameters............................ 4-17 
4.4.4 Projected Performance............................................................. 4-20 
4.4.5 Bioreactor Sizing and Operational Specifications ................... 4-25 
4.4.6 Aeration Requirements ............................................................ 4-25 
4.4.7 Process Description ................................................................. 4-26 
4.4.8 Site Layout............................................................................... 4-28 
4.4.9 Best Practicable Level of Control –  

Statistical Analysis of the Projected Effluent Ammonia ......... 4-28 
4.5 Waste Activated Sludge Thickening – SEWPCC................................. 4-29 

4.5.1 WAS Production...................................................................... 4-29 
4.5.2 Thickening Options ................................................................. 4-29 

4.6 West End Water Pollution Control Centre (WEWPCC) ...................... 4-30 
4.6.1 Model Input ............................................................................. 4-30 
4.6.2 Preliminary Considerations and the Selected Options............. 4-31 
4.6.3 Process Design and Operational Parameters............................ 4-31 
4.6.4 Projected Performance............................................................. 4-34 
4.6.5 Process Description ................................................................. 4-40 
4.6.6 Plant Layout............................................................................. 4-41 
4.6.7 Best Practicable Level of Control –  

Statistical Analysis of the Projected Effluent Ammonia ......... 4-42 
4.7 Waste Activated Sludge Thickening – WEWPCC ............................... 4-42 

4.7.1 Sludge Quantities..................................................................... 4-43 
4.7.2 Process Selection ..................................................................... 4-43 

4.8 Estimated Costs .................................................................................... 4-44 

5.0 OPTIMIZATION OF EXISTING PLANTS 

5.1 Introduction........................................................................................... 5-1 
5.2 Optimization of the North End Water Pollution 

Control Centre (NEWPCC) .................................................................. 5-1 
5.3 Optimization of the South End Water Pollution 

Control Centre (SEWPCC)................................................................... 5-4 
5.4 Optimization of the West End Water Pollution 

Control Centre (WEWPCC) ................................................................. 5-5 

(ii) 
L:\PROJECTS\Wat\6234000\03\200-Con\Conceptual Design Report\Table of Contents.doc 



SECTION TITLE PAGE NO. 

6.0 NEWPCC CENTRATE TREATMENT 

6.1 Centrate Flows and Loads..................................................................... 6-1 
6.1.1 Background.............................................................................. 6-1 
6.1.2 Centrate Characteristics ........................................................... 6-1 

6.2 Centrate Treatment Conceptual Design ................................................ 6-2 
6.2.1 Centrate Treatment: Process Description................................. 6-2 
6.2.2. Location of Centrate Treatment System .................................. 6-4 

6.3 Centrate Treatment Modeling............................................................... 6-4 
6.3.1 Model Output........................................................................... 6-4 
6.3.2 Statistical Analysis of the Projected Effluent Ammonia ......... 6-5 

6.4 Estimated Costs .................................................................................... 6-6 

PART III SECOND PRIORITY CONTROL ALTERNATIVES 

7.0 RATIONALE FOR SELECTING SECOND PRIORITY  
CONTROL ALTERNATIVES 

7.1 General.................................................................................................. 7-1 

8.0 NEWPCC – SECOND PRIORITY CONTROL ALTERNATIVES 

8.1 Preamble ............................................................................................... 8-1 
8.2 New Treatment Train Parallel to the Existing HPO Plant .................... 8-2 

8.2.1 High Level of Control – Parallel System................................. 8-3 
8.2.2 Process Design and Operating Specifications 

High Level of Control with Parallel Treatment ....................... 8-4 
8.2.3 High Level of Control – Site Layouts for Parallel Treatment.. 8-7 
8.2.4 High Level of Control –  

Model Output for Parallel Treatment....................................... 8-7 
8.2.5 High Level of Control – Statistical Analysis 

of the Projected Effluent Ammonia ......................................... 8-8 
8.2.6 Modest Level of Control – Parallel System............................. 8-9 
8.2.7 Process Design and Operating Specification –  

Modest Level of Control with Parallel Treatment ................... 8-10 
8.2.8 Modest Level of Control – Site Layouts for 

Parallel Treatment Train .......................................................... 8-13 
8.2.9 Modest Level of Control – Model Output for  

Parallel Treatment Train .......................................................... 8-13 
8.2.10 Modest Level of Control – Statistical Analysis 

of the Projected Effluent Ammonia ......................................... 8-15 
8.3 Reaeration of Return Activated Sludge (RAS)..................................... 8-15 

8.3.1 Modest Level of Control – RAS Reaeration............................ 8-16 
8.3.2 High Level of Control – RAS Reaeration................................ 8-18 
8.3.3 RAS Reraeration Site Layout .................................................. 8-18 

8.4 Waste Activated Sludge Thickening..................................................... 8-19 
8.5 Comparison of Alternatives and Selection of  

Options to Carry Forward ..................................................................... 8-19 
8.6 Estimated Costs .................................................................................... 8-23 

(iii) 
L:\PROJECTS\Wat\6234000\03\200-Con\Conceptual Design Report\Table of Contents.doc 



SECTION TITLE PAGE NO. 

9.0 SEWPCC – SECOND PRIORITY CONTROL ALTERNATIVES 

9.1 Alternatives Considered for SEWPCC ................................................. 9-1 
9.1.1 Preamble .................................................................................. 9-1 
9.1.2 New Treatment Train in Parallel to the Existing HPO Plant ... 9-2 
9.1.3 Reaerate the Return Activated Sludge (RAS) Flow ................ 9-3 
9.1.4 Alter and Expand the Existing HPO Bioreactors  

to a Step Feed Configuration ................................................... 9-4 
9.1.5 Construct a Second Stage Treatment System Using 

a Fixed Film Process................................................................ 9-5 
9.2 Comparison of Alternatives and Selection of Options to Carry Forward 9-6 
9.3 High Level of Control – Step Feed ....................................................... 9-10 

9.3.1 Process Configuration and Design........................................... 9-10 
9.3.2 Sludge Thickening ................................................................... 9-13 
9.3.3 Site Layout............................................................................... 9-13 

9.4 High Level of Control – Biological Aerated Filter (BAF) Treatment .. 9-13 
9.5 Modest Level of Control – Step Feed ................................................... 9-16 
9.6 Modes Level of Control – BAF ............................................................ 9-17 
9.7 High Level of Control – Model Output ................................................ 9-18 
9.8 Modest Level of Control – Model Output ............................................ 9-18 
9.9 Statistical Analysis................................................................................ 9-19 

9.9.1 High Level of Control – Statistical Analysis ........................... 9-19 
9.9.2 Modest Level of Control – Statistical Analysis ....................... 9-20 

9.10 Estimated Costs .................................................................................... 9-20 

10. WEWPCC – SECOND PRIORITY CONTROL ALTERNATIVES 

10.1 Introduction........................................................................................... 10-1 
10.2 Estimated Lagoon Description.............................................................. 10-1 
10.3 Lagoon Ammonia Removal Performance ............................................ 10-2 

PART IV WET WEATHER IMPACTS 

11. WET WEATHER IMPACTS 

11.1 Introduction........................................................................................... 11-1 
11.2 Effluent Criteria for Wet Weather Conditions...................................... 11-1 
11.3 Plant Performance Under Wet Weather Loading ................................. 11-4 

11.3.1 Predicted Plant Effluent Quality Under Wet Weather Loadings 11-4 
11.3.2 Statistical Analysis................................................................... 11-13 

11.4 Conclusions........................................................................................... 11-17 

PART V NUTRIENT REMOVAL 

12.0 NUTRIENT REMOVAL 

12.1 General.................................................................................................. 12-1 

13.0 CHEMICAL PHOSPHORUS REMOVAL ALTERNATIVES 

13.1 Introduction........................................................................................... 13-1 
13.2 Chemical Phosphorus Removal – Process Description ........................ 13-1 

(iv) 
L:\PROJECTS\Wat\6234000\03\200-Con\Conceptual Design Report\Table of Contents.doc 



SECTION TITLE PAGE NO. 

13.3 Chemical Alternatives........................................................................... 13-2 
13.4 Chemical Application Points ................................................................ 13-4 
13.5 Chemical Phosphorus Removal Alternatives 

for the City of Winnipeg....................................................................... 13-4 
13.6 Impact of Phosphorus Removal on Other Parts of the Treatment Plants 13-5 
13.7 North End Water Pollution Control Centre (NEWPCC) ...................... 13-6 
13.8 South End Water Pollution Control Centre (SEWPCC)....................... 13-10 
13.9 West End Water Pollution Control Centre (WEWPCC) ...................... 13-14 
13.10 Sludge Processing ................................................................................. 13-18 

13.10.1 Sludge Digestion...................................................................... 13-18 
13.10.2 Year 2041 – Baseline Condition.............................................. 13-20 
13.10.3 Year 2041 – Alum Dosing into the Primary Treatment........... 13-22 
13.10.4 Year 2041 – Alum Dosing into the Secondary Treatment....... 13-24 

13.11 Dewatering............................................................................................ 13-26 
13.11.1 Existing Plant........................................................................... 13-26 
13-11.2 Hauling Requirements ............................................................. 13-27 

13.12 Biosolids Land Application .................................................................. 13-29 
13.13 Summary of Findings – Chemical Phosphorus Removal ..................... 13-30 
13.14 Estimated Costs .................................................................................... 13-31 

14.0 BIOLOGICAL NUTRIENT REMOVAL 

14.1 Introduction........................................................................................... 14-1 
14.2 Biological Nutrient Removal Concepts ................................................ 14-1 

14.2.1 Conventional Activated Sludge System for cBOD5 Removal . 14-2 
14.2.2 cBOD5 Removal and Nitrification ........................................... 14-3 
14.2.3 cBOD5 Removal, Nitrification and Partial Denitrification ...... 14-4 
14.2.4 cBOD5 and Total Nitrogen Removal ....................................... 14-5 
14.2.5 Biological Phosphorus Removal.............................................. 14-6 
14.2.6 Biological Nitrogen and Phosphorus Removal........................ 14-10 

14.3 Biological Nutrient Removal at NEWPCC........................................... 14-16 
14.4 Biological Nutrient Removal at SEWPCC ........................................... 14-22 
14.5 Biological Nutrient Removal at WEWPCC.......................................... 14-26 
14.6 Estimated Costs .................................................................................... 14-29 

PART VI SUMMARY OF CONCEPTUAL COST ESTIMATES 

15.0 SUMMARY OF CONCEPTUAL COST ESTIMATES 

15.1 Introduction........................................................................................... 15.1 
15.2 Ammonia Control Alternatives............................................................. 15-1 
15.3 Nutrient Removal Alternatives ............................................................. 15-2 

LIST OF TABLES 

Table 2.1 Projected Seasonal Flows and Loads to NEWPCC for the Year 2041 ............................2-4 
Table 2.2 NEWPCC Primary Clarifier Removals ...........................................................................2-5 
Table 2.3 Projected Seasonal Flows and Loads to Secondary Treatment 

at the NEWPCC, Design Year 2041 ................................................................................2-6 
Table 2.4 Diurnal Flow and Load Peaking Factors – NEWPCC.....................................................2-9 
Table 2.5 Projected Seasonal Flows and Loads to the Primary Treatment 

Process of the SEWPCC for the Year 2041...................................................................2-13 

(v) 
L:\PROJECTS\Wat\6234000\03\200-Con\Conceptual Design Report\Table of Contents.doc 



SECTION TITLE PAGE NO. 

Table 2.6 Projected Seasonal Flows and Loads to the Secondary Treatment 
Process of the SEWPCC for the Year 2041...................................................................2-15 

Table 2.7 Diurnal Flow and Load Peaking Factors – SEWPCC....................................................2-20 
Table 2.8 Projected Seasonal Flows and Loads to the Primary 

Treatment Process of the WEWPCC for the Year 2041................................................2-24 
Table 2.9 Projected Seasonal Flows and Loads to the Secondary Treatment 

Process of the WEWPCC for the Year 2041 .................................................................2-25 
Table 2.10 Diurnal Flow and Load Peaking Factors – WEWPCC..................................................2-29 
Table 2.11 Values Specified for the Primary Effluent Wastewater Characteristics ........................2-32 
Table 4.1 Preliminary Analysis of Existing NEWPCC Limitations ................................................4-3 
Table 4.2 Percent Flow Versus MLSS Required to Nitrify and to Maintain SLR...........................4-4 
Table 4.3 NEWPCC – Process Design for 2041 Flow and Loads ...................................................4-5 
Table 4.4 Seasonal Operating Conditions........................................................................................4-6 
Table 4.5 NEWPCC – Results of Statistical Analysis on the Effluent Ammonia .........................4-10 
Table 4.6 NEWPCC – Secondary Sludge Production Estimates ...................................................4-11 
Table 4.7 Variation in Centrifuge Capacity – Minimum Modification .........................................4-12 
Table 4.8 Variation in Centrifuge Capacity – Major Modification ...............................................4-12 
Table 4.9 NEWPCC Secondary Sludge Thickening – Design Data ..............................................4-14 
Table 4.10 SEWPCC Secondary Clarifier Modeling.......................................................................4-18 
Table 4.11 SEWPCC Secondary Clarifier Design...........................................................................4-19 
Table 4.12 SEWPCC Bioreactor Sizing ..........................................................................................4-25 
Table 4.13 SEWPCC Bioreactor Oxygen Demands........................................................................4-25 
Table 4.14 SEWPCC Aeration Design Parameters .........................................................................4-26 
Table 4.15 SEWPCC Blower Design Parameters............................................................................4-26 
Table 4.16 Mixed Liquor Split to the Final Clarifiers .....................................................................4-27 
Table 4.17 SEWPCC – Results of Statistical Analysis on the Effluent Ammonia..........................4-28 
Table 4.18 SEWPCC WAS Generating Rates .................................................................................4-29 
Table 4.19 SEWPCC DAF Design ..................................................................................................4-30 
Table 4.20 WEWPCC – Secondary Clarifier Design ......................................................................4-33 
Table 4.21 WEWPCC – Bioreactor Oxygen Demands ...................................................................4-40 
Table 4.22 WEWPCC – Aeration Design Parameters .....................................................................4-40 
Table 4.23 WEWPCC – Results of a Statistical Analysis on the Effluent Ammonia......................4-42 
Table 4.24 WEWPCC – WAS Generation Rules ............................................................................4-43 
Table 4.25 WEWPCC – DAF Design..............................................................................................4-44 
Table 4.26 Summary of Estimated Costs – Best Practicable Level of Control ...............................4-44 
Table 5.1 Projected Primary Effluent Characteristics for the Year 2041 – NEWPCC....................5-2 
Table 5.2 Secondary Effluent Ammonia Concentrations – Optimization Options..........................5-3 
Table 5.3 Projected Primary Effluent Characteristics for the Year 2041 – SEWPCC.....................5-4 
Table 6.1 Centrate Stream Characteristics .......................................................................................6-2 
Table 6.2 Design Data for Centrate Treatment System ...................................................................6-3 
Table 6.3 Effluent Ammonia Concentration With and Without Centrate Treatment ......................6-5 
Table 6.4 NEWPCC – Results of Statistical Analysis of the Effluent Ammonia............................6-6 
Table 6.5 Summary of Estimated Costs – Centrate Treatment........................................................6-6 
Table 8.1 Target Ammonia Concentrations.....................................................................................8-1 
Table 8.2 Flow Proportions for High Level of Ammonia Control ..................................................8-4 
Table 8.3 Design Data for Nitrification System ..............................................................................8-5 
Table 8.4 Flow Proportions with Implementation of Separate Centrate Treatment ........................8-6 
Table 8.5 Tankage Components ......................................................................................................8-6 
Table 8.6 NEWPCC – Results of Statistical Analysis on the Effluent Ammonia ...........................8-9 
Table 8.7 Flow Proportions in Modest Level of Control .................................................................8-9 

(vi) 
L:\PROJECTS\Wat\6234000\03\200-Con\Conceptual Design Report\Table of Contents.doc 



SECTION TITLE PAGE NO. 

Table 8.8 Design Data for Nitrification System ............................................................................8-11 
Table 8.9 Flow Proportions with Implementation of Separate Centrate Treatment ......................8-12 
Table 8.10 Tankage Component ......................................................................................................8-13 
Table 8.11 NEWPCC – Results of Statistical Analysis on the Effluent Ammonia .........................8-15 
Table 8.12 RAS Reaeration Tankage Capacity ...............................................................................8-17 
Table 8.13 Tankage Component ......................................................................................................8-17 
Table 8.14 Comparison of the Alternatives Based Upon Non-economic Criteria...........................8-21 
Table 8.15 Summary of Estimated Costs – Second Priority Level of Control ................................8-23 
Table 9.1 Second Priority Effluent Ammonia Targets ....................................................................9-1 
Table 9.2 Approximate Tankage Requirements for Modest Level of Control ................................9-3 
Table 9.3 Approximate Tankage Requirements for High Level of Control ....................................9-3 
Table 9.4 Approximate Tankage Requirements for Step Feed Option............................................9-4 
Table 9.5 Approximate Number of BAF Units Required for Different 

Level of Ammonia Control..............................................................................................9-5 
Table 9.6 Comparison of High Removal and Modest Removal Alternatives..................................9-8 
Table 9.7 Design Data for High Level Control – Step Feed..........................................................9-11 
Table 9.8 SEWPCC – WAS Generation Rates and DAF Design Data ........................................9-13 
Table 9.9 Design Data for High Level Control – BAF..................................................................9-15 
Table 9.10 SEWPCC – WAS Generation Rates and Sludge Thickening Design Data ...................9-15 
Table 9.11 Design Data for Moderate Level Control – Step Feed...................................................9-16 
Table 9.12 Design Data for Moderate Level Control – BAF...........................................................9-17 
Table 9.13 SEWPCC – Results of Statistical Analysis on Effluent Ammonia................................9-19 
Table 9.14 SEWPCC – Results of Statistical Analysis on Effluent Ammonia................................9-20 
Table 9.15 Summary of Estimated Costs – Secondary Priority Level of Control ...........................9-20 
Table 10.1 WEWPCC Lagoon Average Effluent Ammonia Concentrations ..................................10-2 
Table 11.1 NEWPCC – Minimum Dilution Ratios Under Different 

Plant Flow Conditions (1984 – 1997)............................................................................11-2 
Table 11.2 SEWPCC – Minimum Historic Dilution Ratios Under Different 

Plant Flow Conditions (1984 to 1997)...........................................................................11-2 
Table 11.3 Projected Blended Effluent Ammonia Concentration for the Three 

WPCCs for Different Levels of Ammonia Control .....................................................11-13 
Table 11.4 NEWPCC – Results of Statistical Analysis on Blended Effluent Ammonia 

Year 2041 Best Practicable Level of Control ..............................................................11-14 
Table 11.5 NEWPCC – Results of Statistical Analysis on Blended Effluent Ammonia 

Year 2041 High Level of Control ................................................................................11-14 
Table 11.6 NEWPCC – Results of Statistical Analysis on Blended Effluent Ammonia 

Year 2041 Modest Level of Control ............................................................................11-15 
Table 11.7 SEWPCC – Results of Statistical Analysis on Blended Effluent Ammonia 

Year 2041 Best Practicable Level of Control ..............................................................11-15 
Table 11.8 SEWPCC – Results of Statistical Analysis on Blended Effluent Ammonia 

Year 2041 High Level of Control ................................................................................11-16 
Table 11.9 SEWPCC – Results of Statistical Analysis on Blended Effluent Ammonia 

Year 2041 Modest Level of Control ............................................................................11-16 
Table 11.10 WEWPCC – Results of Statistical Analysis on Blended Effluent Ammonia 

Year 2041 Best Practicable Level of Control ..............................................................11-17 
Table 13.1 NEWPCC – Year 2041 Flows and Loads......................................................................13-7 
Table 13.2 NEWPCC – Chemical Phosphorus Removal Options...................................................13-8 
Table 13.3 NEWPCC – Chemical Phosphorus Removal Options...................................................13-8 
Table 13.4 NEWPCC – Phosphorus Removal Options – Effluent 

Characteristics and Maximum Month Sludge Production .............................................13-9 

(vii) 
L:\PROJECTS\Wat\6234000\03\200-Con\Conceptual Design Report\Table of Contents.doc 



SECTION TITLE PAGE NO. 

Table 13.5 NEWPCC – Annual Average and Maximum Month Sludge Productions ..................13-10 
Table 13.6 SEWPCC – Year 2041 Flows and Loads ....................................................................13-10 
Table 13.7 SEWPCC – Phosphorus Removal Options..................................................................13-11 
Table 13.8 SEWPCC – Chemical Phosphorus Removal Options..................................................13-12 
Table 13.9 SEWPCC – Phosphorus Removal Options – Effluent Characteristics 

and Maximum Month Sludge Production....................................................................13-13 
Table 13.10 SEWPCC – Annual Average and Maximum Month Sludge Production 

and Hauling Requirements...........................................................................................13-14 
Table 13.11 WEWPCC – Year 2041 Flows and Loads...................................................................13-15 
Table 13.12 WEWPCC – Phosphorus Removal Options ................................................................13-15 
Table 13.13 WEWPCC – Chemical Phosphorus Removal Options ................................................13-16 
Table 13.14 WEWPCC – Phosphorus Removal Options – Effluent Characteristics 

and Maximum Month Sludge Production....................................................................13-17 
Table 13.15 WEWPCC – Annual Average and Maximum Month Sludge 

Productions and Hauling Requirements.......................................................................13-18 
Table 13.16 Current Biosolids Production and Hauling Requirements ...........................................13-19 
Table 13.17 NEWPCC Anaerobic Digesters ...................................................................................13-19 
Table 13.18 Maximum Month Biosolids Production – Base Line Condition..................................13-20 
Table 13.19 Tankage Requirements for Sludge Digestion without Pre-thickening 

Base Line Condition ....................................................................................................13-21 
Table 13.20 Pre-thickened Sludge, Equipment, and Digestion Tankage 

Requirements – Base Line Condition ..........................................................................13-22 
Table 13.21 Maximum Month Sludge Production – Primary Sludge Phosphorus Removal...........13-22 
Table 13.22 Tankage Requirements for Sludge Digestion without Pre-thickening 

Phosphorus Removal in Primary Clarifiers .................................................................13-23 
Table 13.23 Pre-thickened Sludge, Equipment and Digestion Tankage Requirements 

for Phosphorus Removal in Primary Clarifiers............................................................13-24 
Table 13.24 Maximum Month Biosolids Production – Secondary Sludge 

Phosphorus Removal ...................................................................................................13-24 
Table 13.25 Tankage Requirements for Sludge Digestion with Pre-thickening 

Phosphorus Removal in Secondary Clarifiers .............................................................13-25 
Table 13.26 Pre-thickened Sludge, Equipment and Digestion Tankage 

Requirement for Phosphorus Removal in Secondary Clarifiers ..................................13-26 
Table 13.27 Digested Sludge Dewatering........................................................................................13-27 
Table 13.28 Annual Average Hauling Requirements ......................................................................13-27 
Table 13.29 Summary of Biosolids Production Rates for 2041 Loadings Conditions ....................13-30 
Table 13.30 Summary of Projected 2041 Truck Haulage Requirements With 

and Without the Implementation of Chemical Phosphorus Removal (Per Day) .........13-31 
Table 13.31 Summary of Estimated Costs - Chemical Phosphorus Removal .................................13-32 
Table 14.1 NEWPCC – Summary of Design Parameters for BNR System 

(for 2041 Flows & Loads) ...........................................................................................14-20 
Table 14.2 SEWPCC Summary of Design Parameters for BNR System 

(For 2041 Flows & Loads)...........................................................................................14-24 
Table 14.3 WEWPCC – Summary of Design Parameters for BNR System 

(for 2041 Flows & Loads) ...........................................................................................14-28 
Table 14.4 Summary of Estimated Costs – Biological Nutrient Removal ....................................14-30 
Table 15.1 Summary of Estimated Costs – NEWPCC ....................................................................15-1 
Table 15.2 Summary of Estimated Costs – SEWPCC.....................................................................15-2 
Table 15.3 Summary of Estimated Costs – WEWPCC ...................................................................15-2 
Table 15.4 Summary of Costs of Nutrient Removal Alternatives ...................................................15-3 

(viii) 
L:\PROJECTS\Wat\6234000\03\200-Con\Conceptual Design Report\Table of Contents.doc 



SECTION TITLE PAGE NO. 

LIST OF FIGURES 

Figure 2.1 Diurnal Flow Variation at NEWPCC on January 13, 1999 .............................................2-7 
Figure 2.2 Predicted 24 hour Flow Patterns at NEWPCC ................................................................2-8 
Figure 2.3 Comparison of 24 hour Load and Flow Variations at NEWPCC ....................................2-8 
Figure 2.4 NEWPCC 2041 Primary Effluent Flowrate................................................... Following 2-9 
Figure 2.5 NEWPCC 2041 Primary Effluent CODt Projections ......................... Following Figure 2.4 
Figure 2.6 NEWPCC 2041 Primary Effluent TKN Projections........................... Following Figure 2.5 
Figure 2.7 NEWPCC 2041 Primary Effluent Total P .......................................... Following Figure 2.6 
Figure 2.8 NEWPCC 2041 Primary Effluent Inert 

Suspended Solids Projection............................................................... Following Figure 2.7 
Figure 2.9 NEWPCC Influent Wastewater Temperature ..................................... Following Figure 2.8 
Figure 2.10 Dry Weather Diurnal Flow Variation at SEWPCC in September, 1998 .......................2-16 
Figure 2.11 Wet Weather Diurnal Flow Variation at SEWPCC in May, 1998.................................2-16 
Figure 2.12 Diurnal COD Variation at SEWPCC in September, 1999.............................................2-17 
Figure 2.13 Diurnal sCOD Variation at SEWPCC in September, 1999 ...........................................2-18 
Figure 2.14 Hourly Load and Flow Variations at SEWPCC ............................................................2-19 
Figure 2.15 SEWPCC 2041 Primary Effluent Flowrate ................................................. Following 2-20 
Figure 2.16 SEWPCC 2041 Primary Effluent Total COD Projection ................. Following Figure 2.15 
Figure 2.17 SEWPCC 2041 Primary Effluent Total TKN Projection.................. Following Figure 2.16 
Figure 2.18 SEWPCC 2041 Primary Effluent Total Phosphorus......................... Following Figure 2.17 
Figure 2.19 SEWPCC Influent Wastewater Temperature.................................... Following Figure 2.18 
Figure 2.20 Dry Weather Diurnal Flow Variation at WEWPCC 

in September, 1998 ........................................................................................................2-26 
Figure 2.21 Wet Weather Diurnal Flow Variation at WEWPCC 

in May, 1998 ..................................................................................................................2-27 
Figure 2.22 Diurnal COD Variation at WEWPCC in September, 1999 ...........................................2-28 
Figure 4.1 Estimating Operating Conditions for Various Spring Flows 

Directed to Existing HPO Tankage..................................................................................4-4 
Figure 4.2 Bioreactor Model Configuration for NEWPCC – Best Practicable 

Level of Control Using Option B – De-rate Existing HPO System and 
Build New Parallel Conventional Activated Sludge System ...........................................4-7 

Figure 4.3 Simulator Projections for Best Practicable Level of Control 
at NEWPCC – Summer 2041 Flow & Loading Conditions .......................... Following 4-7 

Figure 4.4 Simulator Projections for Best Practicable Level of 
Control at NEWPCC – Fall 2041 Flow & Loading Conditions ......... Following Figure 4.3 

Figure 4.5 Simulator Projections for Best Practicable Level of Control 
at NEWPCC – Winter 2041 Flow & Loading Conditions.................. Following Figure 4.4 

Figure 4.6 Simulator Projections for Best Practicable Level of Control 
at NEWPCC – Spring 2041 Flow & Loading Conditions .................. Following Figure 4.5 

Figure 4.7 Bioreactor Model Configuration....................................................................................4-20 
Figure 4.8 Winter Period Modeling Results....................................................................................4-21 
Figure 4.9 Spring Period Modeling Results ....................................................................................4-22 
Figure 4.10 Summer Period Modeling Results .................................................................................4-23 
Figure 4.11 Fall period Modeling Results.........................................................................................4-24 
Figure 4.12 WEWPCC Secondary Clarifiers Allowable MLSS versus SVI ....................................4-32 
Figure 4.13 Bioreactor Model Configuration....................................................................................4-34 
Figure 4.14 Winter Period Modeling Results....................................................................................4-36 
Figure 4.15 Spring Period Modeling Results ....................................................................................4-37 
Figure 4.16 Summer Period Modeling Results .................................................................................4-38 
Figure 4.17 Fall Period Modeling Results.........................................................................................4-39 

(ix) 
L:\PROJECTS\Wat\6234000\03\200-Con\Conceptual Design Report\Table of Contents.doc 



SECTION TITLE PAGE NO. 

Figure 6.1 NEWPCC Centrate TKN Concentrations 1995-2000.................................... Following 6-1 
Figure 6.2 Centrate Treatment Process Schematic............................................................................6-2 
Figure 6.3 Primary Effluent TKN Projection.................................................................. Following 6-3 
Figure 6.4 NEWPCC 2041 Secondary Effluent TKN Projections....................... Following Figure 6.3 
Figure 6.5 Average MLSS in H.P.O. Reactors ............................................................... Following 6-5 
Figure 6.6 Clarifiers Solid Loading Rate (SLR) .................................................. Following Figure 6.5 
Figure 8.1 Parallel Activated Sludge Nitrification and the Existing HPO ........................................8-3 
Figure 8.2 Influent Versus Effluent Ammonia Concentration 

(High Level Ammonia Control)..................................................................... Following 8-7 
Figure 8.3 Ammonia Concentration in Different Effluent Lines 

(High Level Ammonia Control).......................................................... Following Figure 8.2 
Figure 8.4 Influent Versus Effluent TKN Concentration 

(High Level Ammonia Control).......................................................... Following Figure 8.3 
Figure 8.5 Bioreactor MLSS (High Level Ammonia Control) ............................ Following Figure 8.4 
Figure 8.6 Clarifier Solids Loading Rate (High Level Ammonia Control).......... Following Figure 8.5 
Figure 8.7 Clarifier Surface Overflow Rate High Level Ammonia Control)....... Following Figure 8.6 
Figure 8.8 Influent Versus Effluent Ammonia Concentration ...................................... Following 8-13 
Figure 8.9 Influent Versus Effluent TKN Concentration..................................... Following Figure 8.8 
Figure 8.10 Ammonia Concentration in Different Effluent Lines ......................... Following Figure 8.9 
Figure 8.11 Bioreactor MLSS .............................................................................. Following Figure 8.10 
Figure 8.12 Projected Clarifier Solids Loading Rate ........................................... Following Figure 8.11 
Figure 8.13 Projected Clarifier Surface Overflow Rate ....................................... Following Figure 8.12 
Figure 8.14 RAS Reaeration with the Existing HPO System ...........................................................8-16 
Figure 8.15 Influent Versus Effluent Ammonia Concentration 

– Modest Level of Control........................................................................... Following 8-16 
Figure 8.16 Influent Versus Effluent Ammonia Concentration  

– Modest Level of Control........................................................................... Following 8-17 
Figure 8.17 RAS Reaeration with Addition of Centrate ...................................................................8-18 
Figure 8.18 Influent Versus Effluent Ammonia Concentration 

High Level of Control.................................................................................. Following 8-18 
Figure 9.1 SEWPCC – Model Configuration for High Removal Level – Step Feed......................9-12 
Figure 9.2 SEWPCC – Influent Versus Effluent Ammonia Concentration .................. Following 9-19 
Figure 9.3 SEWPCC – Influent Versus Effluent TKN Concentration................. Following Figure 9.2 
Figure 9.4 SEWPCC – Bioreactor MLSS (High Level of Ammonia Control) .... Following Figure 9.3 
Figure 9.5 SEWPCC – Secondary Clarifier Operating Parameters 

(High Level of Ammonia Control) ..................................................... Following Figure 9.4 
Figure 9.6 SEWPCC – Influent Versus Effluent Ammonia Concentration 

(Modest Level of Control) .................................................................. Following Figure 9.5 
Figure 9.7 SEWPCC – Influent Versus Effluent TKN Concentration 

(Modest Level of Control) .................................................................. Following Figure 9.6 
Figure 9.8 SEWPCC – Bioreactor MLSS (Modest Level of  

Ammonia Control) .............................................................................. Following Figure 9.7 
Figure 9.9 SEWPCC – Secondary Clarifier Operating Parameters 

(Modest Level of Ammonia Control) ................................................. Following Figure 9.8 
Figure 10.1 WEWPCC Lagoon Average Effluent Ammonia Concentrations ..................................10-2 
Figure 11.1 NEWPCC – Blended Effluent Ammonia Concentration 

With 7-day Trend Line (Best Practicable Level of Control 2041).................................11-6 
Figure 11.2 NEWPCC – Blended Effluent Ammonia Concentration 

With 30-day Trend Line (Best Practicable Level of Control 2041)...............................11-6 

(x) 
L:\PROJECTS\Wat\6234000\03\200-Con\Conceptual Design Report\Table of Contents.doc 



SECTION TITLE PAGE NO. 

Figure 11.3 NEWPCC – Blended Effluent Ammonia Concentration 
With 7-day Trend Line (High Level of Control – 2041) ...............................................11-7 

Figure 11.4 NEWPCC – Blended Effluent Ammonia Concentration 
With 30-day Trend Line (High Level of Control – 2041) .............................................11-7 

Figure 11.5 NEWPCC – Blended Effluent Ammonia Concentration 
With 7-day Trend Line (Modest Level of Control – 2041) ...........................................11-8 

Figure 11.6 NEWPCC – Blended Effluent Ammonia Concentration 
With 30-day Trend Line (Modest Level of Control – 2041) .........................................11-8 

Figure 11.7 SEWPCC – Blended Effluent Ammonia Concentration 
With 7-day Trend Line (Best Practicable Level of Control - 2041) ..............................11-9 

Figure 11.8 SEWPCC – Blended Effluent Ammonia Concentration 
With 30-day Trend Line (Best Practicable Level of Control - 2041) ............................11-9 

Figure 11.9 SEWPCC – Blended Effluent Ammonia Concentration 
With 7-day Trend Line (High Level of Control - 2041) ..............................................11-10 

Figure 11.10 SEWPCC – Blended Effluent Ammonia Concentration 
With 30-day Trend Line (High Level of Control - 2041) ............................................11-10 

Figure 11.11 SEWPCC – Blended Effluent Ammonia Concentration 
With 7-day Trend Line (Modest Level of Control – 2041) .........................................11-11 

Figure 11.12 SEWPCC – Blended Effluent Ammonia Concentration 
With 30-day Trend Line (Modest Level of Control – 2041) .......................................11-11 

Figure 11.13 WEWPCC – Blended Effluent Ammonia Concentration 
With 7-day Trend Line (Best Practicable Level of Control - 2041) ............................11-12 

Figure 11.14 WEWPCC – Blended Effluent Ammonia Concentration 
With 30-day Trend Line (Best Practicable Level of Control - 2041) ..........................11-12 

Figure 14.1 Process Schematic for BOD Removal and Nitrification System...................................14-3 
Figure 14.2 Process Schematic for BOD Removal and Nitrification System...................................14-4 
Figure 14.3 Process Schematic for BOD Removal, Nitrification and 

Partial Denitrification System (Anoxic Selector Process) .............................................14-5 
Figure 14.4 Process Schematic for BOD and Total Nitrogen Removal System 

(Modified Ludzak-Ettinger [MLE] Process) .................................................................14-6 
Figure 14.5 Illustration of Biological Phosphorus Removal Mechanism .........................................14-7 
Figure 14.6 Process Schematic for BOD and Biological Phosphorus Removal 

in Non-Nitrifying System (A/O Process).......................................................................14-8 
Figure 14.7 Process Schematic for BOD and Biological Phosphorus Removal 

in a Nitrifying System (Modified A/O Process) ............................................................14-9 
Figure 14.8 Process Schematic for BOD and Biological Phosphorus 

Removal in a Nitrifying System (VIPR Process).........................................................14-10 
Figure 14.9 Process Schematic for BOD, Biological Phosphorus, 

and Total N Removal System (3-Stage Bardenpho Process).......................................14-11 
Figure 14.10 Process Schematic for BOD, Biological Phosphorus, 

and Total N Removal System (UCT Process) .............................................................14-12 
Figure 14.11 Process Schematic for BOD, Biological Phosphorus, 

and Total N Removal System (Modified UCT Process)..............................................14-12 
Figure 14.12 Process Schematic for BOD, Biological Phosphorus, 

and Total N Removal System (Johannesburg Process) ...............................................14-13 
Figure 14.13 Process and Schematic for BOD, Biological Phosphorus, 

and Total N Removal System (Westbank Process) .....................................................14-14 
Figure 14.14 Process Schematic for BOD, Biological Phosphorus, 

and Total N Removal System (Goldbar Process) ........................................................14-15 

(xi) 
L:\PROJECTS\Wat\6234000\03\200-Con\Conceptual Design Report\Table of Contents.doc 



SECTION TITLE PAGE NO. 

Figure 14.15 Process Schematic for BOD, Biological Phosphorus, 
and Total N Removal System (Step Bio-P Process) ....................................................14-16 

Figure 14.16 NEWPCC – BioWinTM Drawing Board Layout for BNR ....................... Following 14-16 
Figure 14.17 NEWPCC Model Output for BNR MLSS and Autotrophic 

Bacteria Concentrations .................................................................. Following Figure 14.16 
Figure 14.18 NEWPCC Model Output for BNR Final Clarifier Solids Loading 

Rate and Surface Overflow Rate................................................................ Following 14-19 
Figure 14.19 NEWPCC Model Output for BNR Ammonia and Phosphorus 

Removal Performance..................................................................... Following Figure 14.18 
Figure 14.20 SEWPCC BioWinTM Drawing Board Layout for BNR ........................... Following 14-23 
Figure 14.21 SEWPCC Model Output for BNR MLSS and Autotrophic Bacteria 

Concentration.................................................................................. Following Figure 14.21 
Figure 14.22 SEWPCC Model Output for BNR Final Clarifier Solids Loading 

Rate and Surface Overflow Rate................................................................ Following 14-24 
Figure 14.23 SEWPCC Model Output for BNR Ammonia and Phosphorus 

Removal Performance..................................................................... Following Figure 14.22 
Figure 14.24 WEWPCC BioWinTM Drawing Board Layout for BNR ......................... Following 14-25 
Figure 14.25 WEWPCC Model Output for BNR MLSS and Autotrophic Bacteria 

Concentration.................................................................................. Following Figure 14.24 
Figure 14.26 WEWPCC Model Output for BNR Final Clarifier Solids Loading 

Rate and Surface Overflow Rate................................................................ Following 14-25 
Figure 14.27 SEWPCC Model Output for BNR Ammonia and Phosphorus 

Removal Performance..................................................................... Following Figure 14.26 

LIST OF APPENDICES 

Appendix A Cost Estimates 

(xii) 
L:\PROJECTS\Wat\6234000\03\200-Con\Conceptual Design Report\Table of Contents.doc 


