
Vol 3 Wastewater System 
Table of Contents 

October 2006 Final WRMP  i 

VOLUME 3 

TABLE OF CONTENTS 

WASTEWATER SYSTEM SUMMARY 

CHAPTER 1 – WASTEWATER SYSTEM DESCRIPTION 

1.1 Introduction .............................................................................................................................. 1-1 
1.2 Wastewater Treatment Plants (WWTP)................................................................................. 1-1 

1.2.1 Agat-Santa Rita STP ................................................................................................... 1-1 
1.2.2 Hagatna STP ................................................................................................................ 1-2 
1.2.3 Baza Gardens STP  ..................................................................................................... 1-2 
1.2.4 Umatac-Merizo STP ................................................................................................... 1-4 
1.2.5 Northern District STP ............................................................................................... 1-4 
1.2.6 Inarajan STP ................................................................................................................ 1-5 
1.2.7 Pago Socio STP............................................................................................................ 1-5 

1.3 Wastewater Collection System ............................................................................................... 1-5 
1.3.1 Wastewater Collection Pipelines ............................................................................... 1-6 
1.3.2 Wastewater Pump Stations ........................................................................................ 1-6 

1.4 Conclusions ................................................................................................................................ 1-6 
1.5 Recommendations..................................................................................................................... 1-7 
1.6 CIP Impacts ............................................................................................................................... 1-7 

CHAPTER 2 – WASTEWATER REGULATORY ISSUES  

2.1 Introduction .............................................................................................................................. 2-1 

2.2 Clean Water Act ....................................................................................................................... 2-1 
2.2.1 National Pollution Discharge Elimination System ................................................ 2-1 

2.2.2 Biosolids ....................................................................................................................... 2-2 

2.2.3 Guam Water Quality Standards ................................................................................ 2-2 

2.2.4 Operator Certification Program ............................................................................... 2-2 

2.3 Ground Water Under the Direct Influence (GWUDI) of Surface Water ....................... 2-3 

2.4 Potential Future Regulatory Requirements ........................................................................... 2-4 
2.4.1 SSO Programs ............................................................................................................. 2-4 

2.4.2 Secondary Treatment Waivers .................................................................................. 2-4 

2.5 Conclusions ............................................................................................................................... 2-4 

2.6 Recommendations .................................................................................................................... 2-5 

2.7 CIP Impacts .............................................................................................................................. 2-5 



Vol 3 Wastewater Systems 
Table of Contents 
 

ii  October 2006 Final WRMP 

CHAPTER 3 – WASTEWATER FACILITIES CONDITION ASSESSMENT 

3.1 Introduction .............................................................................................................................. 3-1 
3.2 Assessment Approach ............................................................................................................. 3-1 
3.3 Factors Affection Condition ................................................................................................... 3-3 
3.4 Condition Assessment ............................................................................................................. 3-4 

3.4.1 Hagatna STP ................................................................................................................ 3-4 
3.4.2 Agat-Santa Rita STP  .................................................................................................. 3-4 
3.4.3 Baza Gardens STP .....................................................................................................  3-5 
3.4.4 Inarajan STP ................................................................................................................ 3-5 
3.4.5 Northern District STP ............................................................................................... 3-5 
3.4.6 Umatac-Merizo STP ................................................................................................... 3-6 
3.4.7 Pago Socio STP............................................................................................................ 3-6 
3.4.8 Wastewater Pump Stations ........................................................................................ 3-6 

3.5 Conclusions ................................................................................................................................ 3-7 
3.6 Recommendations..................................................................................................................... 3-7 
3.7 CIP Impacts ............................................................................................................................... 3-8 

CHAPTER 4 – WASTEWATER COLLECTION SYSTEM 

4.1 Introduction .............................................................................................................................. 4-1 
4.1.1 Objectives .................................................................................................................... 4-1 

4.2 Existing Collection System ..................................................................................................... 4-1 
4.2.1 System Description/Overview ................................................................................. 4-1 
4.2.2 Gravity Sewers ............................................................................................................ 4-1 
4.2.3 Pump Stations/Forcemains ...................................................................................... 4-2 
4.2.4 Manholes ...................................................................................................................... 4-2 
4.2.5 Laterals ......................................................................................................................... 4-2 

4.3 Completed Work/Existing Programs ................................................................................... 4-3 
4.3.1 Completed Manhole Inspections ............................................................................. 4-3 
4.3.2 Flushing Program ....................................................................................................... 4-3 

4.4 Critical Sewer Assessment ....................................................................................................... 4-3 
4.4.1 Risk of Failure ............................................................................................................. 4-3 

4.4.1.1 Structural Failure Mechanisms ................................................................. 4-4 
4.4.1.2 Operational Failure Mechanisms ............................................................. 4-4 

4.4.1.2.1 High Maintenance ............................................................................... 4-4 
4.4.1.2.2 Spill Incidents ...................................................................................... 4-4 

4.4.2 Consequence of Failure ............................................................................................. 4-5 
4.4.2.1 Spill Area Sensitivity .................................................................................. 4-5 
4.4.2.2 Potential Spill Size ..................................................................................... 4-5 
4.4.2.3 Repair Difficulty ........................................................................................ 4-5 



Vol 3 Wastewater System 
Table of Contents 

October 2006 Final WRMP  iii 

4.5 Critical Sewer Assessment Rating .......................................................................................... 4-6 
4.5.1 Available Information ................................................................................................ 4-6 
4.5.2 Risk of Failure ............................................................................................................. 4-6 

4.5.2.1 Sewer Inventory Data ............................................................................... 4-6 
4.5.2.1.1 Pipe Size ............................................................................................... 4-7 
4.5.2.1.2 Pipe Material ........................................................................................ 4-7 
4.5.2.1.3 Forcemains ........................................................................................... 4-8 
4.5.2.1.4 Construction Date .............................................................................. 4-8 
4.5.2.1.5 Pipe Invert Elevation ......................................................................... 4-8 

4.5.2.2 Spill Records ............................................................................................... 4-8 
4.5.3 Consequence of Failure ............................................................................................. 4-9 

4.5.3.1 Sewer Size ................................................................................................... 4-9 
4.5.3.2 Spill Impacts ............................................................................................... 4-9 

4.5.4 Ratings .......................................................................................................................... 4-9 
4.5.5 Results of Critical Assessment ................................................................................ 4-10 

4.6 Condition Assessment ........................................................................................................... 4-10 
4.6.1 Manhole Inspections ................................................................................................ 4-10 

4.6.1.1 GPS Location ........................................................................................... 4-11 
4.6.1.2 Ground Surface ........................................................................................ 4-12 
4.6.1.3 Manhole Cover, Frame, and Rungs ...................................................... 4-12 
4.6.1.4 Manhole Cone, Barrel, Bench and Channel ........................................ 4-12 
4.6.1.5 Flow Characteristics ................................................................................ 4-12 
4.6.1.6 Pipes .......................................................................................................... 4-12 
4.6.1.7 Findings ..................................................................................................... 4-13 

4.6.1.7.1 Evidence of Collection System Surcharge .................................... 4-13 
4.6.1.7.2 Grease ................................................................................................. 4-13 
4.6.1.7.3 Silt ........................................................................................................ 4-14 
4.6.1.7.4 Manhole Barrel Infiltration .............................................................. 4-14 
4.6.1.7.5 Manhole Frame to Ring Seal ........................................................... 4-14 

4.6.2 Forcemain Inspections ............................................................................................. 4-14 
4.6.2.1 Reconnaissance/Inspection of Fittings ................................................ 4-15 
4.6.2.2 Inspection of Forcemain Discharge Pipe and Manhole .................... 4-16 
4.6.2.3 Liquid Sulfide Sampling .......................................................................... 4-17 

4.6.3 GWA/GEPA Staff Interviews ............................................................................... 4-17 
4.7 Capacity Assessment .............................................................................................................. 4-19 

4.7.1 Flow/Rain Data Collection ..................................................................................... 4-19 
4.7.1.1 Approach .................................................................................................. 4-19 

4.7.1.1.1 Short-term Metering Program ........................................................ 4-19 
4.7.1.1.2 Focused Metering Program ............................................................. 4-20 



Vol 3 Wastewater Systems 
Table of Contents 
 

iv  October 2006 Final WRMP 

4.7.1.2 Data ........................................................................................................... 4-20 
4.7.2 I/I Factor Development .......................................................................................... 4-20 
4.7.3 Hydraulic Modeling .................................................................................................. 4-20 

4.7.3.1 Model Sewer Network ............................................................................ 4-20 
4.7.3.1.1 Pipe Network .................................................................................... 4-20 
4.7.3.1.2 Pump Stations..................................................................................... 4-23 
4.7.3.1.3 Special Structures ............................................................................... 4-24 

4.7.3.2 Current Dry Weather Flows ................................................................... 4-26 
4.7.3.3 Future Dry Weather Flows .................................................................... 4-26 
4.7.3.4 Wet Weather Flows ................................................................................. 4-29 
4.7.3.5 Review of Flow Metering Results ......................................................... 4-34 

4.7.3.5.1 Northern District STP Service Area .............................................. 4-34 
4.7.3.5.2 Hagatna STP Service Area ............................................................... 4-34 
4.7.3.5.3 Agat-Santa Rita STP Service Area .................................................. 4-35 
4.7.3.5.4 Umatac-Merizo STP Service Area .................................................. 4-35 
4.7.3.5.5 Inarajan STP Service Area ............................................................... 4-36 
4.7.3.5.6 Baza Gardens STP ............................................................................ 4-36 

4.7.3.6 Modeling Results ..................................................................................... 4-36 
4.7.3.6.1 NDSTP Service Area ....................................................................... 4-36 
4.7.3.6.2 Hagatna STP Service Area................................................................ 4-39 
4.7.3.6.3 Agat-Santa Rita STP Service Area ................................................... 4-42 
4.7.3.6.4 Baza Gardens STP Service Area...................................................... 4-42 

4.8 Conclusions, Recommendations and CIP Projects ........................................................... 4-45 
4.8.1 Conclusions ............................................................................................................... 4-45 
4.8.2 Recommendations for Preventative Maintenance ............................................... 4-45 
4.8.3 Recommendations for Prioritized Inspection/Ongoing Data Collection ....... 4-46 
4.8.4 CIP Projects................................................................................................................ 4-47 
4.8.5 Spill Response Plan .................................................................................................. 4-47 

Exhibits 4A.1a -1e – Pipe Diameter .................................................................................................. 4-48 
Exhibits 4A.2a -2e – Pipe Material .................................................................................................... 4-53 
Exhibits 4A.3a - 3e – Pipe Age .......................................................................................................... 4-58 
Exhibits 4A.4a - 4e – Pipe Invert Elevation .................................................................................... 4-63 
Exhibits 4A.5a - 5e – Potable Wells and Ground Water Protection Zone ................................. 4-68 
Exhibits 4A.6a - 6e – Critical Sewer Rating ..................................................................................... 4-73 
Exhibit 4B.1a – 1e – Manhole Inspections ...................................................................................... 4-78 
Exhibit 4C.1 – Example Field Inspection Report Form ................................................................ 4-83 

CHAPTER 5 – WASTEWATER TREATMENT FACILITIES 

5.1 Introduction .............................................................................................................................. 5-1 



Vol 3 Wastewater System 
Table of Contents 

October 2006 Final WRMP  v 

5.2 Approach ................................................................................................................................... 5-3 
5.2.1 Available Information ................................................................................................ 5-3 
5.2.2 Chapter Organization ................................................................................................. 5-5 

5.3 Agat-Santa Rita STP ................................................................................................................. 5-7 
5.3.1 Introduction ................................................................................................................. 5-7 
5.3.2 Wastewater Characteristics and NPDES Permit Requirements ........................ 5-11 
5.3.3 Capacity Assessment ................................................................................................ 5-22 
5.3.4 Recommended CIP .................................................................................................. 5-23 

5.4 Hagatna STP ........................................................................................................................... 5-25 
5.4.1 Introduction ............................................................................................................... 5-25 
5.4.2 Wastewater Characteristics and NPDES Permit Requirements ........................ 5-29 
5.4.3 Capacity Assessment ................................................................................................ 5-34 
5.4.4 Recommended CIP .................................................................................................. 5-34 

5.5 Baza Gardens STP ................................................................................................................. 5-35 
5.5.1 Introduction ............................................................................................................... 5-35 
5.5.2 Wastewater Characteristics and NPDES Permit Requirements ........................ 5-39 
5.5.3 Capacity Assessment ................................................................................................ 5-49 
5.5.4 Recommended CIP .................................................................................................. 5-49 

5.6 Umatac-Merizo STP .............................................................................................................. 5-50 
5.6.1 Introduction ............................................................................................................... 5-50 
5.6.2 Wastewater Characteristics and NPDES Permit Requirements ........................ 5-54 
5.6.3 Capacity Assessment ................................................................................................ 5-60 
5.6.4 Recommended CIP .................................................................................................. 5-60 

5.7 Northern District STP ........................................................................................................... 5-60 
5.7.1 Introduction ............................................................................................................... 5-60 
5.7.2 Wastewater Characteristics and NPDES Permits ................................................ 5-64 
5.7.3 Capacity Assessment ................................................................................................ 5-69 
5.7.4 Recommended CIP .................................................................................................. 5-69 

5.8 Inarajan STP ............................................................................................................................ 5-70 
5.8.1 Introduction ............................................................................................................... 5-70 
5.8.2 Wastewater Characteristics ...................................................................................... 5-72 
5.8.3 Capacity Assessment ................................................................................................ 5-72 
5.8.4 Recommended CIP .................................................................................................. 5-72 

5.9 Pago-Socio STP ...................................................................................................................... 5-73 
5.9.1 Biosolids Handling Consolidation .......................................................................... 5-73 
5.9.2 Conversion of Pago Scio STP ................................................................................. 5-73 
5.9.3 Consolidation with Military Facilities .................................................................... 5-73 

5.10 Conclusions ............................................................................................................................. 5-74 
5.11 Recommendations .................................................................................................................. 5-75 



Vol 3 Wastewater Systems 
Table of Contents 
 

vi  October 2006 Final WRMP 

5.12 CIP Impacts ............................................................................................................................ 5-75 

CHAPTER 6 – SEPTIC SYSTEMS 

6.1 Introduction/Background ....................................................................................................... 6-1 
6.1.1 Regulatory Environment ........................................................................................... 6-1 

6.1.1.1 IWDS Enabling Legislation ..................................................................... 6-1 
6.1.1.2 GEPA Regulations .................................................................................... 6-1 
6.1.1.3 Zoning & Land Use .................................................................................. 6-8 
6.1.1.4 Building Permit Zoning Requirements  
for Residential Development .................................................................................... 6-8 
6.1.1.5 GWUDI ...................................................................................................... 6-9 

6.2 Geographic Distribution of IWDS ...................................................................................... 6-10 
6.2.1 Northern & Central Regions ................................................................................... 6-10 

6.2.1.1 GPS Plot of Existing IWDS .................................................................. 6-10 
6.2.1.2 Northern & Central Aquifer Well Fields .............................................. 6-11 
6.2.1.3 Existing Sewer System ............................................................................ 6-13 

6.2.2 Southern Region ....................................................................................................... 6-13 
6.2.2.1 GPS Plot of Existing IWDS .................................................................. 6-13 
6.2.2.2 Surface Water & Ground Water Collection ......................................... 6-13 
6.2.2.3 Existing Sewer System ............................................................................ 6-13 

6.2.3 U.S. Military Property ............................................................................................... 6-14 
6.3 Existing Conditions, Impacts on Water Quality of Aquifer ............................................ 6-14 

6.3.1 Current Wastewater Flow Rates ............................................................................. 6-14 
6.3.2 Aquifer Yield and Other Potable Water Sources ................................................. 6-16 
6.3.3 Measurable Impacts on Water Quality .................................................................. 6-16 
6.3.4 Existing Sewer Hook-up Needs ............................................................................. 6-17 

6.4 Future Growth Scenarios ...................................................................................................... 6-18 
6.4.1 Population and Housing .......................................................................................... 6-18 
6.4.2 Water Demand .......................................................................................................... 6-18 
6.4.3 Wastewater System Capacity ................................................................................... 6-18 

6.4.3.1 GWA STP’s .............................................................................................. 6-18 
6.4.3.2 Military STP’s ........................................................................................... 6-19 

6.5 Possible Mitigation Methods ................................................................................................ 6-19 
6.5.1 Existing Wastewater Collection System Extension ............................................. 6-19 
6.5.2 Alternate Wastewater Treatment Methods ........................................................... 6-20 
6.5.3 Advanced On-Site Treatment ................................................................................. 6-20 

6.5.3.1 On-Site Gray Water Treatment System ............................................... 6-21 
6.5.3.2 On-Site Wastewater System Nitrogen Reduction Upgrade 

Using Biotextile Filters ............................................................................ 6-22 
6.5.3.3 On-Site Wastewater System Cost & Upgrade Considerations .......... 6-24 



Vol 3 Wastewater System 
Table of Contents 

October 2006 Final WRMP  vii 

6.5.4 Decentralized Wastewater Collection and Treatment ......................................... 6-25 
6.5.5 Centralized Water Treatment .................................................................................. 6-25 

6.6 Institutional and Administrative Considerations for Mitigation Action ........................ 6-27 
6.7 Future Actions ........................................................................................................................ 6-27 
6.8 Alternative Solutions .............................................................................................................. 6-28 

6.8.1 Sewering of all Unsewered Properties ................................................................... 6-28 
6.8.2 Sewer Properties near Existing Sewers and/or in the 1000-ft Well Buffer ...... 6-28 
6.8.3 Centralized Water Treatment .................................................................................. 6-33 

6.9 Conclusions ............................................................................................................................. 6-35 
6.10 Recommendations .................................................................................................................. 6-35 
6.11 CIP Impacts .............................................................................................................................6.35 
References .............................................................................................................................................. 6-36 

CHAPTER 7 – WATER REUSE 

7.1 Introduction .............................................................................................................................. 7-1 
7.2 Regulations for Beneficial Wastewater Reuse ...................................................................... 7-1 

7.2.1 Common Types of Wastewater Reuse Applications ............................................. 7-2 
7.2.1.1 Groundwater Recharge ............................................................................. 7-2 
7.2.1.2 Industrial Reuse ......................................................................................... 7-3 
7.2.1.3 Environmental Reuse ................................................................................ 7-3 
7.2.1.4 Unrestricted Urban Reuse ........................................................................ 7-3 
7.2.1.5 Restricted Urban Reuse ............................................................................ 7-3 
7.2.1.6 Restricted Recreational Reuse .................................................................. 7-3 
7.2.1.7 Unrestricted Recreational Reuse .............................................................. 7-4 
7.2.1.8 Agricultural Reuse on Non-Food Crops ................................................ 7-4 
7.2.1.9 Agricultural Reuse on Food Crops ......................................................... 7-4 
7.2.1.10 Indirect Potable Reuse .............................................................................. 7-4 

7.2.2 Comparison of Hawaii’s and California’s Standards for Beneficial Uses ........... 7-4 
7.3 Current Wastewater Production, Treatment and Reuse Opportunities ........................... 7-5 

7.3.1 Reuse Opportunities in the Agat-Santa Rita STP Vicinity ................................... 7-8 
7.3.2 Reuse Opportunities in the Hagatna STP Vicinity ................................................ 7-9 
7.3.3 Reuse Opportunities in the Baza Gardens STP Vicinity .................................... 7-10 
7.3.4 Reuse Opportunities in the Umatac-Merizo STP Vicinity ................................. 7-13 
7.3.5 Reuse Opportunities in the Northern District STP Vicinity .............................. 7-14 
7.3.6 Reuse Opportunities in the Inarajan STP Vicinity .............................................. 7-15 
7.3.7 Reuse Opportunities in the Pago Socio STP Vicinity ......................................... 7-15 

7.4 Summary of Reuse Alternatives Proposed in Previous Plans .......................................... 7-16 
7.4.1 Reuse Alternatives Proposed in Guam Islandwide Wastewater Facilities Plan 7-16 
7.4.2 Reuse Alternatives Proposed in Guam Water Facilities Master Plan Update . 7-16 



Vol 3 Wastewater Systems 
Table of Contents 
 

viii  October 2006 Final WRMP 

7.5 Potential Funding Sources .................................................................................................... 7-17 
7.6 Conclusion ............................................................................................................................... 7-17 
7.7 Recommendations .................................................................................................................. 7-17 
7.8 CIP Impacts ............................................................................................................................ 7-18 

CHAPTER 8 – BIOSOLIDS MANAGEMENT 

8.1 Introduction .............................................................................................................................. 8-1 
8.2 Regulation for the Reuse and Disposal of Biosolids ........................................................... 8-1 

8.2.1 Land Application to Condition or Fertilize Soil .................................................... 8-1 
8.2.1.1 Pollutant Limits of Heavy Metals for Land Application ..................... 8-2 
8.2.1.2 Class A Biosolids ....................................................................................... 8-3 
8.2.1.3 Class B Biosolids ........................................................................................ 8-4 
8.2.1.4 Vector Attraction Reduction for Land Application ............................. 8-5 
8.2.1.5 Land Application Alternatives ................................................................. 8-6 

8.2.2 Surface Disposal ......................................................................................................... 8-7 
8.2.2.1 Pollutant Limits of Heavy Metals for Surface Disposal ....................... 8-7 
8.2.2.2 Pathogen Class and Vector Attraction Reduction  

for Surface Disposal ................................................................................... 8-7 
8.2.2.3 Surface Disposal Alternatives .................................................................. 8-8 

8.2.3 Biosolids Incineration ................................................................................................ 8-8 
8.3 General Biosolids Treatment Processes ................................................................................ 8-8 
8.4 Current Biosolids Production, Treatment and Disposal on Guam .................................. 8-9 

8.4.1  Northern District STP (Including Hagatna and Baza Gardens STPs) ............. 8-10 
8.4.2 Inarajan STP .............................................................................................................. 8-11 
8.4.3 Umatac-Merizo STP ................................................................................................. 8-11 
8.4.4 Current Proposal for Centralized Biosolids Treatment ...................................... 8-12 

8.5 Evaluation of Beneficial Reuse and Disposal Alternatives for Guam’s Biosolids ........ 8-12 
8.5.1 Alternative I:  Landfill Alternative Daily Cover (ADC) ...................................... 8-12 
8.5.2 Alternative II:  Landfilling of Biosolids.................................................................. 8-13 
8.5.3 Alternative III:  Incineration of Biosolids ............................................................. 8-13 
8.5.4 Alternative IV:  Liquid Biosolids Application on Agriculture Land ................. 8-13 
8.5.5 Alternative V:  Dewatered Biosolids Application on Agriculture Land ........... 8-14 

8.6 Conclusions .............................................................................................................................. 8-14 
8.7 Recommendations .................................................................................................................. 8-15 
8.8 CIP Impacts ............................................................................................................................. 8-15 
References ............................................................................................................................................. 8-15 

CHAPTER 9 – RECOMMENDED WASTEWATER CIP 

9.1 Introduction .............................................................................................................................. 9-1 
9.2 Project Ranking.......................................................................................................................... 9-1 



Vol 3 Wastewater System 
Table of Contents 

October 2006 Final WRMP  ix 

9.3 Conclusions ................................................................................................................................ 9-3 
9.4 Recommendations..................................................................................................................... 9-3 
9.5 CIP Impacts ............................................................................................................................... 9-4 

TABLES 

No. Page 
2-1 Direct Responsible Charge Position Requirements ............................................................ 2-3 
3-1 Assessment Elements ............................................................................................................... 3-1 
3-2 Equipment Physical Condition Rating .................................................................................. 3-3 
3-3 Equipment Functional Condition Rating .............................................................................  3-3 
4-1 Risk of Failure ........................................................................................................................... 4-6 
4-2 Consequence of Failure ........................................................................................................... 4-9 
4-3 Flow Factors Developed from Flow Monitoring Study ................................................... 4-27 
4-4 New Areas Assumed Sewered by 2025 ............................................................................... 4-28 
5-1 GWA Sewage Treatment Plants Overview .......................................................................... 5-5 
5-2 Agat-Santa Rita STP NPDES Requirements ....................................................................... 5-8 
5-3 Agat-Santa Rita STP - Influent and Effluent Wastewater Characteristics ..................... 5-11 
5-4 Averages of the Monthly Average Influent BOD5 and TSS ............................................ 5-22 
5-5 Calculated STP Capacity Comparison ................................................................................. 5-23 
5-6 Hagatna STP NPDES Requirements .................................................................................. 5-26 
5-7 Hagatna STP Influent and Effluent Wastewater Characteristics .................................... 5-30 
5-8 Baza Gardens STP NPDES Requirements ........................................................................ 5-36 
5-9 Baza Gardens STP Influent and Effluent Wastewater Characteristics .......................... 5-40 
5-10 Umatac-Merizo STP NPDES Requirements ..................................................................... 5-51 
5-11 Umatac-Merizo STP Influent and Effluent Wastewater Characteristics ....................... 5-56 
5-12 Northern District STP NPDES ........................................................................................... 5-61 
5-13 Northern District STP Influent and Effluent Wastewater Characteristics .................... 5-64 
6-1 Minimum Safe Horizontal Distances in Feet ........................................................................ 6-7 
6-2 GWA Active Customer Count as of 03-10-2006 ............................................................... 6-15 
6-3 No. of Residents Assumed to Use Septic Systems in STP Service Areas....................... 6-16 
6-4 GWA STP Capacity ............................................................................................................... 6-18 
6-5 Common Gray Water System Components ....................................................................... 6-21 
6-6 Comparison of Typical Septic Tank and Biotextile Filter Effluents ............................... 6-23 
6-7 Biotextile Filter Upgrade Requirements for Residential Lots .......................................... 6-24 
6-8 Apparent Unsewered Properties Near Wells and Sewers.................................................. 6-29 
6-9 Construction Cost Estimate to Intercept Apparent Unsewered Properties 

near Wells and Existing Sewers ............................................................................................ 6-29 
6-10 Construction Cost Estimate to Intercept Apparent Unsewered Properties 

in Areas with Density Greater than One Unit per acre ..................................................... 6-30 



Vol 3 Wastewater Systems 
Table of Contents 
 

x  October 2006 Final WRMP 

6-11 Construction Cost Estimate to Intercept Apparent Unsewered Properties in Areas with 
Density Greater than One Unit per Acre but not near Existing Sewers or Wells ........ 6-30 

7-1 Comparison of Beneficial Uses and Associated Reuse Categories for  
Hawaii and California .............................................................................................................. 7-5 

7-2 Golf Course Survey Results (Private Courses)...................................................................... 7-6 
7-3 Agat-Santa Rita STP Effluent Characteristics ...................................................................... 7-9 
7-4 Hagatna STP Effluent Characteristics ................................................................................. 7-10 
7-5 Baza Gardens STP Effluent Characteristics ....................................................................... 7-12 
7-6 Estimated Irrigation Demand from Golf Courses Located in the Talofofo Village .... 7-13 
7-7 Umatac-Merizo STP Effluent Characteristics .................................................................... 7-14 
7-8 Northern District STP Effluent Characteristics ................................................................ 7-15 
8-1 Pollutant Limits for all Land-Applied Biosolids ................................................................... 8-2 
8-2 EPA Approved Treatment Alternatives for Meeting Class A Pathogen Requirements. 8-3 
8-3 EPA Site Restriction for Class B Biosolids Applied to Land ............................................. 8-4 
8-4 EPA Approved Treatment Alternatives for Meeting Class B Pathogen Requirements . 8-5 
8-5 Process to Significantly Reduce Pathogens for meeting Class B Pathogen Req. ............ 8-5 
8-6 EPA Approved Options for meeting Vector Attraction Reduction ................................ 8-6 
8-7 Land Application Alternatives based on EPA Biosolids Treatment Options.................. 8-6 
8-8 EPA Pollutant Limits for Surface Disposal of Biosolids .................................................... 8-7 
8-9 Pathogen and Vector Attraction Reduction Requirements for Surface Disposal ........... 8-8 
8-10 Solid Stream Treatment Processes & Current End Uses for each of Guam’s 7 STPs 8-10 
8-11 Summarization of Five Biosolids Reuse Alternatives & Associated EPA Recommended 

Treatment Levels with Associated Cost for Upgrading Treatment Levels ................... 8-14 
9-1 Wastewater System CIP Summary – Base Case.................................................................... 9-5 
9-2 Northern District STP Rte 16 PS Overflow Study .............................................................. 9-6 
9-3 Northern District STP Eliminate Flow Split......................................................................... 9-8 
9-4 Northern District STP Priority 1 Sewer Upgrades............................................................. 9-10 
9-4a Northern District STP Priority 1 Sewer Upgrades Detail ................................................. 9-11 
9-5 Northern District STP Priority 2 Sewer Upgrades............................................................. 9-13 
9-5a Northern District STP Priority 2 Sewer Upgrades Detail ................................................. 9-13 
9-6 Northern District STP Priority 3 Sewer Upgrades............................................................. 9-15 
9-6a Northern District STP Priority 3 Sewer Upgrades Detail ................................................. 9-16 
9-7 Hagatna STP Priority 1 Sewer Upgrades ............................................................................. 9-18 
9-7a Hagatna STP Priority 1 Sewer Upgrades Detail.................................................................. 9-19 
9-8 Hagatna STP Priority 2 Sewer Upgrades ............................................................................. 9-21 
9-8a Hagatna STP Priority 2 Sewer Upgrades Detail.................................................................. 9-21 
9-9 Hagatna STP Priority 3 Sewer Upgrades ............................................................................. 9-24 
9-9a Hagatna STP Priority 3 Sewer Upgrades Detail.................................................................. 9-25 
9-10 Hagatna STP Pump Station Upgrades ................................................................................. 9-28 



Vol 3 Wastewater System 
Table of Contents 

October 2006 Final WRMP  xi 

9-10a Hagatna STP Pump Station Upgrades Detail...................................................................... 9-28 
9-11 Agat-Santa Rita STP Priority 1 Sewer Upgrades................................................................. 9-30 
9-11a Agat-Santa Rita STP Priority 1 Sewer Upgrades Detail..................................................... 9-30 
9-12 Agat-Santa Rita STP Priority 3 Sewer Upgrades................................................................. 9-32 
9-12a Agat-Santa Rita STP Priority 3 Sewer Upgrades Detail..................................................... 9-33 
9-13 Baza Gardens STP Priority 1 Sewer Upgrades ................................................................... 9-35 
9-13a Baza Gardens STP Priority 1 Sewer Upgrades Detail........................................................ 9-35 
9-14 Baza Gardens STP Priority 2 Sewer Upgrades ................................................................... 9-37 
9-14a Baza Gardens STP Priority 2 Sewer Upgrades Detail........................................................ 9-38 
9-15 Inarajan STP Pressure Sewer Upgrades ............................................................................... 9-40 
9-16 NDSTP and Hagatna STP Unsewered Properties – Sewer Hook-ups ........................... 9-42 
9-16a NDSTP and Hagatna STP Unsewered Props.–Sewer Hook-ups Connection Detail... 9-45 
9-17 NDSTP and Hagatna STP Unsewered Properties – New Sewers................................... 9-47 
9-18 NDSTP and Hagatna STP Unsewered Properties – Additional Sewer Hook-ups ....... 9-48 
9-19 South System Sewer Hook-ups ............................................................................................. 9-49 
9-20 Manhole Frame Seal Repair ................................................................................................... 9-50 
9-21 Agat Manhole Rehabilitation ................................................................................................. 9-51 
9-22 Wastewater Collection System Recurring Inspection Program........................................ 9-52 
9-23 Wastewater Collection System Replacement/Rehabilitation Program ........................... 9-53 
9-24 Facilities Plan/Design for the Agat-Santa Rita STP Replacement................................... 9-54 
9-25 Agat-Santa Rita STP Replacement........................................................................................ 9-56 
9-26 Facilities Plan/Design for the Baza Gardens STP Replacement ..................................... 9-57 
9-27 Baza Gardens STP Replacement........................................................................................... 9-59 
9-28 Facilities Plan/Design for Hagatna STP Improvements & Effluent WWPS................. 9-60 
9-29 Hagatna STP Improvements & Effluent WWPS ............................................................... 9-61 
9-30 Facilities Plan/Design for Inarajan STP Expansion .......................................................... 9-62 
9-31 Inarajan STP Expansion......................................................................................................... 9-63 
9-32 Facilities Plan/Design for the Northern District STP Biosolids ..................................... 9-64 
9-33 Northern District STP Expansion – Biosolids ................................................................... 9-65 
9-34 Facilities Plan/Design for the Northern District STP Expansion................................... 9-66 
9-35 Northern District STP Expansion........................................................................................ 9-67 
9-36 Facilities Plan/Design for the Umatac-Merizo STP Improvements ............................... 9-68 
9-37 Umatac-Merizo STP Improvements .................................................................................... 9-69 
9-38 Pago Socio STP Conversion.................................................................................................. 9-70 
9-39 Electrical Upgrade – Agat-Santa Rita STP .......................................................................... 9-71 
9-40 Electrical Upgrade – Baza Garden STP............................................................................... 9-72 
9-41 Electrical Upgrade – Northern District STP....................................................................... 9-73 
9-42 Electrical Upgrade – Umatac-Merizo STP .......................................................................... 9-74 
9-43 Wastewater Pump Station Electrical Upgrade .................................................................... 9-75 



Vol 3 Wastewater Systems 
Table of Contents 
 

xii  October 2006 Final WRMP 

9-44 GWA SCADA System – Phase 1.......................................................................................... 9-76 
9-45 GWA SCADA System – Phase 2.......................................................................................... 9-77 
9-46 GWA SCADA System – Phase 3.......................................................................................... 9-78 
9-47 GWA SCADA System – Phase 4.......................................................................................... 9-79 
9-48 GIS ............................................................................................................................................ 9-80 



Vol 3 Wastewater System 
Table of Contents 

October 2006 Final WRMP  xiii 

FIGURES 

No. Page 
1-1 Wastewater Basins .................................................................................................................... 1-2 
4-1 Northern District STP Sewer Network .............................................................................. 4-21 
4-2 Hagatna STP Sewer Network ............................................................................................... 4-22 
4-3 Agat-Santa Rita and Baza Gardens Sewer Networks ........................................................ 4-22 
4-4 Umatac-Merizo and Inarajan Sewer Networks .................................................................. 4-23 
4-5 Northern District Special Structures ................................................................................... 4-25 
4-6 Northern District Developed Areas .................................................................................... 4-30 
4-7 Hagatna Developed Areas .................................................................................................... 4-31 
4-8 Agat-Santa Rita and Baza Gardens Developed Areas ...................................................... 4-31 
4-9 Umatac-Merizo-Inarajan Developed Areas ........................................................................ 4-32 
4-10 I/I Model Calibration Example, Meter 8 ........................................................................... 4-33 
4-11 Occurrence Frequency of Daily Total Rainfall for Guam ............................................... 4-33 
4-12 Surcharged Sewers in the Northern District STP Service Area ...................................... 4-37 
4-13 Predicted Minimum Distance from MH Rim to Water Surface  

for Surcharged Sewers in the Northern District STP Service Area ................................ 4-38 
4-14 Surcharged Sewers in the Hagatna STP Service Area ....................................................... 4-40 
4-15 Predicted Minimum Distance from MH Rim to Water Surface for  

Surcharged Sewers in the Hagatna STP Service Area ....................................................... 4-41 
4-16 Surcharged Sewers in the Agat-Santa Rita STP Service Area .......................................... 4-43 
4-17 Surcharged Sewers in the Baza Gardens STP Service Area ............................................. 4-44 
5-1 Locations of Sewage Treatment Plants ................................................................................. 5-2 
5-2 Agat-Santa Rita STP Schematic Flow Diagram ................................................................. 5-10 
5-3 Agat-Santa Rita STP Influent Flow Rates .......................................................................... 5-13 
5-4 Agat-Santa Rita STP Monthly Average BOD5 Concentrations ....................................... 5-13 
5-5 Agat-Santa Rita STP Monthly Average BOD5 Mass Loading Rates .............................. 5-14 
5-6 Agat-Santa Rita STP Monthly Average TSS Concentrations .......................................... 5-14 
5-7 Agat-Santa Rita STP Monthly Average TSS Mass Loading Rates .................................. 5-15 
5-8 Agat-Santa Rita STP Monthly Average of BOD5 and TSS Removal Rates .................. 5-15 
5-9 Agat-Santa Rita STP Monthly Average Fecal Coliform Concentrations ....................... 5-16 
5-10 Agat-Santa Rita STP Monthly Average Enterococci Concentrations ............................ 5-16 
5-11 Agat-Santa Rita STP - Monthly Average pH ..................................................................... 5-17 
5-12 Agat-Santa Rita STP Daily Maximum Enterococci Concentrations .............................. 5-17 
5-13 Agat-Santa Rita STP Monthly Average Copper Concentrations & Loading Rates ...... 5-18 
5-14 Agat-Santa Rita STP Monthly Average Nickel Concentrations & Loading Rates ....... 5-18 
5-15 Agat-Santa Rita STP Monthly Average Zinc Concentrations & Loading Rates ........... 5-19 
5-16 Agat-Santa Rita STP Monthly Average Aluminum Concentrations & Loading Rates . 5-19 
5-17 Agat-Santa Rita STP Daily Max Copper Concentrations & Loading Rates .................. 5-20 



Vol 3 Wastewater Systems 
Table of Contents 
 

xiv  October 2006 Final WRMP 

5-18 Agat-Santa Rita STP Daily Max Nickel Concentrations & Loading Rates .................... 5-20 
5-19 Agat-Santa Rita STP Daily Max Zinc Concentrations & Loading Rates ....................... 5-21 
5-20 Agat-Santa Rita STP Daily Max Aluminum Concentrations & Loading Rates ............ 5-21 
5-21 Agat-Santa Rita STP Replacement Schematic Flow Diagram ......................................... 5-25 
5-22 Hagatna STP Schematic Flow Diagram .............................................................................. 5-28 
5-23 Hagatna STP Influent Flow Rates ....................................................................................... 5-31 
5-24 Hagatna STP Monthly Average BOD5 Concentrations ................................................... 5-31 
5-25 Hagatna STP Monthly Average BOD5 Mass Loading Rates ........................................... 5-32 
5-26 Hagatna STP Monthly Average TSS Concentrations ....................................................... 5-32 
5-27 Hagatna STP Monthly Average TSS Mass Loading Rates ............................................... 5-33 
5-28 Hagatna STP Monthly Average Settleable Solids Concentrations (mL/L) ................... 5-33 
5-29 Hagatna STP Monthly Average pH ..................................................................................... 5-34 
5-30 Baza Gardens STP Schematic Flow Diagram .................................................................... 5-38 
5-31 Baza Gardens STP Influent Flow Rates ............................................................................. 5-41 
5-32 Baza Gardens STP Monthly Average BOD5 Concentrations ......................................... 5-41 
5-33 Baza Gardens STP Monthly Average BOD5 Mass Loading Rates ................................. 5-42 
5-34 Baza Gardens STP Monthly Average TSS Concentrations ............................................. 5-42 
5-35 Baza Gardens STP Monthly Average TSS Mass Loading Rates ..................................... 5-43 
5-36 Baza Gardens STP Monthly Average of BOD5 and TSS Removal Rates ..................... 5-43 
5-37 Baza Gardens STP Monthly Average E-coli Concentrations .......................................... 5-44 
5-38 Baza Gardens STP Monthly Average Enterococci Concentrations ............................... 5-44 
5-39 Baza Gardens STP Monthly Average pH ........................................................................... 5-45 
5-40 Baza Gardens STP Daily Maximum E-coli Concentrations ............................................ 5-45 
5-41 Baza Gardens STP Daily Maximum Enterococci Concentrations ................................. 5-46 
5-42 Baza Gardens STP Daily Maximum Orthophosphate (PO4-P) Concentrations .......... 5-46 
5-43 Baza Gardens STP Daily Maximum Orthophosphate (PO4-P) Mass Loading Rates .. 5-47 
5-44 Baza Gardens STP Daily Maximum Nitrate-Nitrogen (NO3-N) Concentrations ........ 5-47 
5-45 Baza Gardens STP Daily Max Nitrate-Nitrogen (NO3-N) Mass Loading Rates .......... 5-48 
5-46 Baza Gardens STP Daily Maximum Turbidity .................................................................. 5-48 
5-47 Baza Gardens STP Replacement Schematic Flow Diagram ............................................ 5-50 
5-48 Umatac-Merizo STP Schematic Flow Diagram ................................................................. 5-53 
5-49 Umatac-Merizo STP Influent Flow Rates .......................................................................... 5-57 
5-50 Umatac-Merizo STP Monthly Average Influent BOD5 Concentrations ....................... 5-58 
5-51 Umatac-Merizo STP Monthly Average Influent BOD5 Mass Loading Rates ............... 5-58 
5-52 Umatac-Merizo STP Monthly Average Influent TSS Concentrations ........................... 5-59 
5-53 Umatac-Merizo STP Monthly Average Influent TSS Mass Loading Rates ................... 5-59 
5-54 Northern District STP Schematic Flow Diagram ............................................................. 5-63 
5-55 Northern District STP Influent Flow Rates ....................................................................... 5-65 
5-56 Northern District STP Monthly Average BOD5 Concentrations ................................... 5-66 



Vol 3 Wastewater System 
Table of Contents 

October 2006 Final WRMP  xv 

5-57 Northern District STP Monthly Average BOD5 Mass Loading Rates ........................... 5-66 
5-58 Northern District STP Monthly Average TSS Concentrations ....................................... 5-67 
5-59 Northern District STP Monthly Average TSS Mass Loading Rates ............................... 5-67 
5-60 Northern District STP Monthly Avg Settleable Solids Concentrations (mL/L) .......... 5-68 
5-61 Northern District STP Monthly Average pH .................................................................... 5-68 
5-62 Inarajan STP Schematic Flow Diagram .............................................................................. 5-71 
6-1A Sewers and Unsewered Properties in the North District Area .......................................... 6-2 
6-1B Sewers and Unsewered Properties in the Hagatna Area .................................................... 6-3 
6-1C Sewers and Unsewered Properties in Baza Gardens and Agat-Santa Rita Areas ........... 6-4 
6-1D Sewers and Unswered Properties in the Umatac-Merizo and Inarajan Areas ................. 6-5 
6-2 Septic System Typical Layout ................................................................................................. 6-6 
6-3 Regions of Guam ................................................................................................................... 6-12 
6-4 Biotextile Filter Schematic .................................................................................................... 6-22 
6-5 Typical Residential Upgrade ................................................................................................. 6-24 
6-6 Constructed Treatment Wetland .......................................................................................... 6-26 
6-7 Additional Properties Intercepted Near F Series Wells .................................................... 6-31 
6-8 Additional Properties Intercepted Near Y and D Series Wells ....................................... 6-32 
6-9 Additional Properties Intercepted Near M Series Wells ................................................... 6-33 
6-10 Hagatna Transmission Line .................................................................................................. 6-34 
7-1 EPA Suggested Water Recycling Treatment and Uses ....................................................... 7-2 
7-2 Northern Region Golf Courses Proximity to STPs ............................................................ 7-7 
7-3 Central Region Golf Courses Proximity to STPs ................................................................ 7-7 
7-4 Southern Region Golf Courses Proximity to STPs ........................................................... 7-11 
9-1 Northern District STP Rte 16 PS Overflow Study .............................................................. 9-7 
9-2 Northern District STP Eliminate Flow Split......................................................................... 9-9 
9-3 Northern District STP Priority 1 Sewer Upgrades............................................................. 9-12 
9-4 Northern District STP Priority 2 Sewer Upgrades............................................................. 9-14 
9-5 Northern District STP Priority 3 Sewer Upgrades............................................................. 9-17 
9-6 Hagatna STP Priority 1 Sewer Upgrades ............................................................................. 9-20 
9-7 Hagatna STP Priority 2 Sewer Upgrades ............................................................................. 9-23 
9-8 Hagatna STP Priority 3 Sewer Upgrades ............................................................................. 9-27 
9-9 Hagatna STP Pump Station Upgrades ................................................................................. 9-29 
9-10 Agat-Santa Rita STP Priority 1 Sewer Upgrades................................................................. 9-31 
9-11 Agat-Santa Rita STP Priority 3 Sewer Upgrades................................................................. 9-34 
9-12 Baza Gardens STP Priority 1 Sewer Upgrades ................................................................... 9-36 
9-13 Baza Gardens STP Priority 2 Sewer Upgrades ................................................................... 9-39 
9-14 Inarajan STP Pressure Sewer Upgrades ............................................................................... 9-41 
9-15 NDSTP Unsewered Properties – Sewer Hook-ups ........................................................... 9-43 
9-16 Hagatna STP Unsewered Properties – Sewer Hook-ups .................................................. 9-44 



Vol 3 Wastewater Systems 
Table of Contents 
 

xvi  October 2006 Final WRMP 

APPENDICES 

3A Wastewater System Condition Assessment (CD format) 
3B Capacity Assessment Calculation Sheets  
3C List of Unit Processes of Each Sewage Treatment Plant 
3D Inarajan Percolation Tests 
3E Summary of Hawaii & California Water Reuse Regulations 


