
Wastewater Land Application 
Operators Study and Reference 

Manual 

 

 

 

State of Idaho 

Department of Environmental Quality 

May 2014 



  

 

Printed on recycled paper, DEQ, April 2014, PID 
WTR.WWPA.WLOF.0505, CA 82027. Costs 
associated with this publication are available from the 
State of Idaho Department of Environmental Quality 
in accordance with Section 60-202, Idaho Code. 



Wastewater Land Application 
Operators Study and Reference 

Manual 

May 2014 
 
 
 
 
 
 
 
 
 
 
 

 
 

Prepared by 
Idaho Department of Environmental Quality 

Water Quality Division 
1410 N. Hilton 

Boise, ID 83706 



Acknowledgments 

This manual is a combination of guidance materials gathered from various technical resources, 

with input and expertise from the Idaho Department of Environmental Quality wastewater 

engineering and technical staff.  

Special thanks are extended to the North Carolina Department of Environment and Natural 

Resources for allowing the use of the Spray Irrigation Systems Operators Training Manual 

(N.C. DENR 2001) as an immensely valuable starting point in the production of this manual. 

 



Wastewater Land Application Operators Study and Reference Manual 

iii 

Acronyms, Abbreviations, and Symbols

°C degrees Celsius 

µg microgram 

µm micrometer 

ac acre 

AWC available water-holding capacity 

BMP best management practice 

BOD biochemical oxygen demand 

Ca calcium 

cb centibars 

CEC cation exchange capacity 

cmol centimols 

COD chemical oxygen demand 

CU consumptive use 

Cu copper 

DEQ Idaho Department of 

Environmental Quality 

DO dissolved oxygen 

Ei irrigation efficiency 

EPA United States Environmental 

Protection Agency 

ESP exchangeable sodium percentage 

ET evapotranspiration 

Fe
 

iron 

ft foot 

g gram 

gal gallon 

gpm gallons per minute 

H hydrogen 

HDPE high-density polyethylene 

HIV human immunodeficiency virus 

IBOL Idaho Board of Occupational 

Licensing 

IDAPA  Numbering designation for all 

administrative rules in Idaho 

promulgated in accordance with 

the Idaho Administrative 

Procedure Act  

in. inch  

IR irrigation requirement 

IWR irrigation water requirement 

K potassium 

kg kilogram 

L liter 

lb pound 

MAD maximum allowable depletion 

meq milliequivalent 

Mg magnesium 

mg milligram 

MG million gallon 

mL milliliter  

mm millimeter 

MR mineralization rate 

MRML most recent mature leaf 

MU management unit 

N nitrogen 

Na sodium 

NGS nongrowing season 

NPDES National Pollutant Discharge 

Elimination System 

NRCS Natural Resources Conservation 

Service 

NTU neophelometric turbidity unit 
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NVDS nonvolatile dissolved solid 

NVSS nonvolatile suspended solid 

O&M operations and maintenance 

(manual) 

OSHA Occupational Safety and Health 

Administration 

P phosphorus 

PAN plant-available nitrogen 

PAPR powered air-purifying respirators 

PAW plant-available water 

Pdef  precipitation deficit 

Pe effective precipitation 

PO plan of operations 

PPE personal protective equipment 

ppm parts per million 

psi pounds per square inch 

PVC polyvinyl chloride 

QAPP quality assurance project plan 

RI rapid infiltration 

SAR sodium adsorption ratio 

SCBA self-contained breathing 

apparatus 

SU soil monitoring unit 

TDS total dissolved solid 

TKN total Kjeldahl nitrogen 

TSS total suspended solid 

USDA United States Department of 

Agriculture 

UV ultraviolet 

V volt 

VDS volatile dissolved solid 

VR volatilization rate 

VSS volatile suspended solid 

WWLA wastewater land application 

yr year 

Zn zinc 

 

Needs-to-know criteria



Wastewater Land Application Operators Study and Reference Manual 

v 

Table of Contents 

Acronyms, Abbreviations, and Symbols ....................................................................................... iii  

Introduction ................................................................................................................................... xv 

Purpose of This Manual ................................................................................................................ xv 

This Manual and the Law ............................................................................................................. xv 

How This Manual Was Developed .............................................................................................. xvi 

Updates to This Manual ............................................................................................................... xvi 

1 Roles and Responsibilities of the Wastewater Land Application Operator ............................ 1 

1.1 Permits ................................................................................................................................ 1 

1.1.1 Municipal Reuse Permit .............................................................................................. 1 

1.1.2 Industrial Reuse Permit ................................................................................................ 2 

1.1.3 Combined Reuse Permit .............................................................................................. 2 

1.2 Rules ................................................................................................................................... 2 

2 Recycled Water Classes (A-E) ................................................................................................ 3 

2.1 Class A Recycled Water ..................................................................................................... 6 

2.2 Class B Recycled Water...................................................................................................... 8 

2.3 Class C Recycled Water...................................................................................................... 9 

2.4 Class D Recycled Water ................................................................................................... 10 

2.5 Class E Recycled Water .................................................................................................... 10 

2.6 Industrial Recycled Water ................................................................................................. 11 

3 Reuse Permit Template .......................................................................................................... 13 

3.1 Facility Information .......................................................................................................... 13 

3.2 Compliance Activities and Compliance Schedules .......................................................... 14 

3.3 Reuse Permit Limits and Conditions ................................................................................ 14 

3.3.1 Management Unit Descriptions ................................................................................. 14 

3.3.2 Hydraulic-Loading Limits ......................................................................................... 14 

3.3.3 Constituent-Loading Limits ....................................................................................... 15 

3.3.4 Management Unit Buffer Zones ................................................................................ 15 

3.3.5 Other Permit Limits and Conditions .......................................................................... 15 

3.4 Reuse Permit Monitoring Requirements ........................................................................... 15 

3.4.1 Constituent Monitoring .............................................................................................. 15 

3.4.2 Management Unit and Other Flow Monitoring ......................................................... 16 

3.4.3 Ground Water Monitoring ......................................................................................... 16 

3.4.4 Soil Monitoring .......................................................................................................... 17 

3.4.5 Plant Tissue Monitoring ............................................................................................ 17 

3.4.6 Lagoon Information ................................................................................................... 17 



Wastewater Land Application Operators Study and Reference Manual 

vi 

3.5 Reporting Requirements ................................................................................................... 17 

3.5.1 Annual Reports Requirements ................................................................................... 17 

3.5.2 Emergency and Noncompliance Reporting ............................................................... 18 

3.6 Permit for Use of Industrial Water .................................................................................... 18 

3.7 Standard Permit Conditions .............................................................................................. 19 

3.8 General Permit Conditions ................................................................................................ 19 

3.8.1 Operations .................................................................................................................. 19 

3.8.2 Administrative ........................................................................................................... 19 

3.9 Other Applicable Laws ..................................................................................................... 19 

3.10 Site Maps .......................................................................................................................... 19 

4 Permit Required DocumentsðPlans ..................................................................................... 21 

4.1 Plan of Operations............................................................................................................. 21 

4.2 Quality Assurance Project Plan ........................................................................................ 24 

5 Reporting and Monitoring Wastewater and Recycled Water Constituents/Parameters ........ 27 

5.1 Wastewater ........................................................................................................................ 27 

5.2 Wastewater Physical Characteristics ................................................................................ 27 

5.2.1 Color .......................................................................................................................... 28 

5.2.2 Odor ........................................................................................................................... 28 

5.2.3 Temperature ............................................................................................................... 28 

5.2.4 Solids ......................................................................................................................... 28 

5.3 Other Important Wastewater Characteristics .................................................................... 32 

5.3.1 Pathogenic Organisms ............................................................................................... 32 

5.3.2 Biochemical Oxygen Demand and Chemical Oxygen Demand ................................ 33 

5.3.3 Dissolved Oxygen ...................................................................................................... 34 

5.3.4 Nutrients .................................................................................................................... 34 

5.3.5 Metals ........................................................................................................................ 37 

5.3.6 Persistent Organic Chemicals .................................................................................... 38 

5.3.7 pH .............................................................................................................................. 38 

5.3.8 Salts ............................................................................................................................ 38 

5.4 Hydraulic- and Constituent-Loading Rates ...................................................................... 39 

5.4.1 Hydraulic-Loading Rate ............................................................................................ 39 

5.4.2 Constituent-Loading Rates ........................................................................................ 40 

5.4.3 Land-Limiting Constituent ........................................................................................ 41 

6 Soil Monitoring and Reporting and Management for Agronomic Nutrient Uptake ............. 43 

6.1 Soil Components and Profiles ........................................................................................... 43 

6.1.1 Soil Composition ....................................................................................................... 43 

6.1.2 Soil Profiles ............................................................................................................... 44 

6.2 Soil Physical Characteristics ............................................................................................. 46 



Wastewater Land Application Operators Study and Reference Manual 

vii 

6.2.1 Soil Texture ............................................................................................................... 46 

6.2.2 Soil Structure ............................................................................................................. 51 

6.2.3 Organic Material Contents ......................................................................................... 53 

6.2.4 Soil Depth .................................................................................................................. 53 

6.2.5 Soil Color ................................................................................................................... 54 

6.2.6 Soil Drainage/Wetness ............................................................................................... 54 

6.2.7 Topography and Landscape Position ......................................................................... 55 

6.3 Soil Chemical Characteristics ........................................................................................... 56 

6.3.1 Texture and Organic Matter Content ......................................................................... 57 

6.3.2 Cation Exchange Capacity ......................................................................................... 57 

6.3.3 Sodium Adsorption Ratio .......................................................................................... 60 

6.3.4 pH .............................................................................................................................. 60 

6.4 Soil Moisture ..................................................................................................................... 61 

6.4.1 Plant-Available Water Content .................................................................................. 61 

6.4.2 Infiltration .................................................................................................................. 63 

6.4.3 Permeability ............................................................................................................... 63 

6.5 Soil Treatment of Recycled Water .................................................................................... 64 

6.5.1 Physical Treatment .................................................................................................... 64 

6.5.2 Chemical Treatment ................................................................................................... 65 

6.5.3 Biological Treatment ................................................................................................. 65 

6.6 Fate of Water Constituents ................................................................................................ 66 

6.7 Agronomy ......................................................................................................................... 67 

6.7.1 Essential Nutrients ..................................................................................................... 67 

6.7.2 Nutrient Availability and Nutrient Management ....................................................... 69 

6.8 Crop Nutrient Requirements ............................................................................................. 77 

7 Ground Water and Hydrology ............................................................................................... 79 

7.1 Hydrologic Cycle .............................................................................................................. 79 

7.2 Evaporation and Evapotranspiration ................................................................................. 80 

7.3 Runoff to Surface Waters .................................................................................................. 82 

7.3.1 Soil Erosion ............................................................................................................... 82 

7.3.2 Surface Water Pollution ............................................................................................. 82 

7.3.3 Ponding ...................................................................................................................... 83 

7.4 Infiltration into the Soil ..................................................................................................... 83 

7.4.1 Soil Water .................................................................................................................. 83 

7.4.2 Water Table Depths ................................................................................................... 85 

7.4.3 Artificially Affecting Site Hydrology ........................................................................ 87 

7.5 Ground Water Monitoring Wells ...................................................................................... 87 

7.6 Rapid Infiltration Basins ................................................................................................... 91 



Wastewater Land Application Operators Study and Reference Manual 

viii 

7.7 Summary ........................................................................................................................... 91 

8 Recycled Water Disinfection and Buffer Zones .................................................................... 93 

8.1 Disinfection ....................................................................................................................... 93 

8.1.1 Chlorination ............................................................................................................... 93 

8.1.2 Ultraviolet Radiation ................................................................................................. 95 

8.1.3 Ozone Disinfection .................................................................................................... 96 

8.2 Buffer Zones ..................................................................................................................... 96 

9 Lagoons .................................................................................................................................. 99 

9.1 Lagoon Design and Configuration .................................................................................... 99 

9.2 Lagoon Operation and Maintenance ............................................................................... 101 

9.2.1 Vegetation ................................................................................................................ 101 

9.2.2 Erosion ..................................................................................................................... 102 

9.2.3 Excessive Algae ....................................................................................................... 102 

9.2.4 Odor Prevention ....................................................................................................... 103 

9.2.5 Insufficient Freeboard .............................................................................................. 103 

9.2.6 Short-Circuiting ....................................................................................................... 104 

9.2.7 Sludge Accumulation and Removal ........................................................................ 104 

10 Distribution Network and Devices ...................................................................................... 107 

10.1 Pumps and Controls ........................................................................................................ 107 

10.1.1 Pumps ...................................................................................................................... 107 

10.1.2 Backflow Prevention Assemblies and Devices ....................................................... 107 

10.1.3 Alarms and Timers .................................................................................................. 108 

10.1.4 Counters ................................................................................................................... 108 

10.1.5 Flowmeters .............................................................................................................. 108 

10.2 Distribution Network and Devices.................................................................................. 109 

10.2.1 Pipes and Fittings ..................................................................................................... 109 

10.2.2 Irrigation Application Devices (Sprinklers) ............................................................ 110 

10.3 Operational Issues ........................................................................................................... 116 

11 Irrigation Systems Operations and Scheduling .................................................................... 119 

11.1 Irrigation Scheduling ...................................................................................................... 119 

11.1.1 Determining When to Irrigate .................................................................................. 120 

11.1.2 Basic Soil-Water Relationships ............................................................................... 120 

11.1.3 Estimating Soil-Water Content ................................................................................ 123 

11.2 Determining How Much to Irrigate ................................................................................ 134 

11.2.1 Operational Considerations ..................................................................................... 136 

11.2.2 Determination of Irrigation Rate for Stationary Sprinklers ..................................... 138 

11.2.3 Center Pivot Systems ............................................................................................... 139 

11.3 Equipment Calibration and Application Uniformity ...................................................... 139 



Wastewater Land Application Operators Study and Reference Manual 

ix 

11.3.1 Summary of Irrigation Scheduling .......................................................................... 141 

12 Sampling .............................................................................................................................. 143 

12.1 Soil Sampling .................................................................................................................. 143 

12.1.1 Soil Test ................................................................................................................... 144 

12.1.2 Sampling Timing ..................................................................................................... 144 

12.1.3 Sampling Procedure ................................................................................................. 144 

12.1.4 Using a Soil Test to Determine the Land-Limiting Nutrient ................................... 144 

12.2 Plant Tissue Sampling..................................................................................................... 145 

12.2.1 Taking a Representative Sample ............................................................................. 146 

12.2.2 Selecting the Best Indicator Sample for Crop Management ................................... 146 

12.2.3 Choosing Sample Size for Crop Management ......................................................... 147 

12.2.4 Submitting the Sample ............................................................................................. 147 

12.3 Recycled Water Sampling ............................................................................................... 147 

12.3.1 Recycled Water Sampling Terminology ................................................................. 148 

12.3.2 Sampling Procedures ............................................................................................... 149 

12.4 Ground Water Sampling ................................................................................................. 149 

12.4.1 Minimizing Contamination Risks ............................................................................ 151 

12.4.2 Purging the Well ...................................................................................................... 152 

12.4.3 Procedures for Packing Ground Water Samples ..................................................... 154 

13 Site Operations and Maintenance ........................................................................................ 155 

13.1 Soil Management ............................................................................................................ 156 

13.1.1 Ponding, Runoff, Surfacing, or Prolonged Saturation ............................................. 157 

13.1.2 Ground Water Mounding ......................................................................................... 157 

13.1.3 Surface Crusting ...................................................................................................... 158 

13.1.4 Compaction .............................................................................................................. 159 

13.1.5 Excess Recycled Water Constituents ....................................................................... 160 

13.2 Crop Management ........................................................................................................... 165 

13.2.1 Crop Selection ......................................................................................................... 167 

13.2.2 Nutrient and Irrigation Management ....................................................................... 169 

13.2.3 Pest Control ............................................................................................................. 170 

13.2.4 Best Management Practices ..................................................................................... 171 

13.2.5 Troubleshooting ....................................................................................................... 174 

13.3 Management of Recycled Water Application ................................................................. 176 

13.3.1 Uniformity of Recycled Water Distribution ............................................................ 176 

13.3.2 Winter Operation ..................................................................................................... 177 

13.4 Management of System Components ............................................................................. 178 

13.4.1 Land Application Equipment ................................................................................... 178 

13.4.2 Drainage Systems .................................................................................................... 181 



Wastewater Land Application Operators Study and Reference Manual 

x 

13.4.3 Soil and Site Components ........................................................................................ 181 

13.5 Recordkeeping ................................................................................................................ 182 

13.6 Environmental Protection ............................................................................................... 183 

13.6.1 Emergency Action Plans for Spills and Releases .................................................... 183 

14 Calculations for Annual Reports and Permit Condition Compliance .................................. 187 

14.1 Units of Measurement ..................................................................................................... 187 

14.2 Types of Calculations ..................................................................................................... 187 

14.2.1 Concentration and Constituent-Loading Rate Calculations .................................... 188 

14.2.2 Hydraulic-Loading Rate Calculations ..................................................................... 190 

14.2.3 Plant-Available Nitrogen Calculations .................................................................... 194 

14.2.4 Sodium Adsorption Ratio Calculations ................................................................... 195 

14.2.5 Reuse Water Application Rate and Run Time Calculations .................................... 197 

14.2.6 Crop Yield and Crop Uptake Calculations .............................................................. 198 

15 Health and Safety ................................................................................................................. 201 

15.1 Regulatory Overview ...................................................................................................... 201 

15.1.1 Employer Responsibilities ....................................................................................... 201 

15.1.2 Site Supervisor Responsibilities .............................................................................. 201 

15.1.3 Employee Responsibilities ....................................................................................... 202 

15.2 Health and Safety Program ............................................................................................. 202 

15.2.1 Incident Reporting ................................................................................................... 202 

15.2.2 Hazard Communication Standard ............................................................................ 202 

15.2.3 Chemical Hygiene Plan ........................................................................................... 203 

15.2.4 Personal Protective Equipment ................................................................................ 203 

15.3 Health and Safety Hazards .............................................................................................. 211 

15.3.1 Health and Safety Measures .................................................................................... 211 

15.3.2 OSHA Process Safety Management and EPA Risk Management Programs .......... 211 

15.4 Confined Space Safety .................................................................................................... 212 

15.5 General Site Safety ......................................................................................................... 214 

15.5.1 Lockout/Tagout Policy ............................................................................................ 214 

15.5.2 Electrical Safety ....................................................................................................... 215 

15.5.3 Mechanical Safety ................................................................................................... 216 

15.6 Land Application Site Vehicle Use ................................................................................. 217 

15.6.1 Heavy Off-The-Road Vehicle Operation ................................................................. 218 

15.7 Lagoon Safety ................................................................................................................. 218 

15.8 Fire Prevention and Protection........................................................................................ 218 

15.9 Medical Safety ................................................................................................................ 219 

15.9.1 First Aid Training .................................................................................................... 219 

15.9.2 Blood-Borne Pathogen Awareness .......................................................................... 219 



Wastewater Land Application Operators Study and Reference Manual 

xi 

15.9.3 Eyewash Stations ..................................................................................................... 220 

15.9.4 Immunization ........................................................................................................... 220 

15.9.5 Personal Hygiene ..................................................................................................... 220 

15.9.6 Safe Lifting and Carrying Techniques ..................................................................... 220 

15.10 Public Health and Safety ................................................................................................. 221 

16 Idaho Rules and Requirements ............................................................................................ 223 

16.1 Recycled Water Rules (IDAPA 58.01.17) and Wastewater Rules (IDAPA 58.01.16) .. 224 

16.1.1 Application Process for Reuse Permits .................................................................... 224 

16.1.2  Permit Renewals ..................................................................................................... 225 

16.1.3 Plans and Specification Review ............................................................................... 225 

16.1.4 Entry and Access ..................................................................................................... 225 

16.1.5 Monitoring and Reporting Requirements ................................................................ 226 

16.1.6 Permit Requirements ............................................................................................... 226 

16.1.7 Permit Modifications ............................................................................................... 227 

16.1.8 Permit Revocation ................................................................................................... 228 

16.1.9 Penalties for Permit Violations ................................................................................ 228 

16.1.10 Waivers .............................................................................................................. 228 

16.2 Ground Water Quality Rule (IDAPA 58.01.11) and Water Quality Standards (IDAPA 

58.01.02) ......................................................................................................................... 229 

16.3 Wastewater Rules (IDAPA 58.01.16) and IDAPA 24.05.01 as related to Wastewater 

Operator Requirements ................................................................................................... 229 

16.3.1 Designation and Responsibilities of the Responsible Charge Operator .................. 230 

16.3.2 Responsibilities of a Substitute Responsible Charge Operator ............................... 230 

16.3.3 Responsibilities of Contract Operators .................................................................... 230 

16.3.4 License Requirements Exclusive to Wastewater-Land Application Operators ....... 231 

16.3.5 Licensure of Wastewater Land Application Operators ........................................... 231 

16.3.6 Responsibilities of Certified Operators ................................................................... 232 

16.3.7 Disciplinary Actions ................................................................................................ 232 

16.4 Other Regulations ........................................................................................................... 232 

17 References ............................................................................................................................ 235 

Appendix A. Example Land Application Permits ...................................................................... 239 

Appendix B. Monitoring Well Construction Guidance .............................................................. 299 

Appendix C. Reuse Permit: Annual Report Information Notes ................................................. 303 

Appendix D. Pumps and Motors ................................................................................................. 305 

Appendix E. Pipes, Connections, and Valves ............................................................................. 313 

Appendix F. Soil Sampling ......................................................................................................... 317 

Appendix G. Plant Tissue Sampling ........................................................................................... 325 

Appendix H. Ground Water ........................................................................................................ 327 

Appendix I. Winterization and Maintenance of Equipment ....................................................... 331 



Wastewater Land Application Operators Study and Reference Manual 

xii 

List ofTables 

Table 2-1. Recycled water classification. ....................................................................................... 4 

Table 2-2. Class A and Class B additional requirements................................................................ 4 

Table 2-3. Recycled water uses. ..................................................................................................... 5 

Table 3-1. Constituent monitoring. ............................................................................................... 16 

Table 6-1. Size and general characteristics of the three soil particle types. ................................. 47 

Table 6-2. Essential macronutrients and micronutrients. .............................................................. 69 

Table 6-3. Soil factors that may lead to deficiencies of selected nutrients. .................................. 74 

Table 6-4. Key to nutrient disorders. ............................................................................................ 76 

Table 11-1. Average estimated plant-available water for various soil texture classes. .............. 123 

Table 11-2. Recommended irrigation volumes, as a function of soil texture, based on 

estimates of plant-available water using the feel method. ............................................ 124 

Table 11-3. Use of the checkbook method for irrigation scheduling soil-moisture balance 

sheet (modified from Ashley et al. 1998). .................................................................... 130 

Table 11-4. Seasonal crop-root zone development for specific growth stages. .......................... 132 

Table 11-5. Percent of plant available soil water (PAW) that may be used without causing 

yield or quality losses (maximum allowable depletion). .............................................. 133 

Table 11-6. Approximate water infiltration rates for various soil textures and slopes. .............. 135 

Table 11-7. Discharge characteristics for rotary impact sprinklers used with permanent 

stationary irrigation system. ......................................................................................... 137 

Table 11-8. General flow rates and coverage diameter for big gun sprinklers. .......................... 137 

Table 12-1. Situations in which the most recent mature leaf is not the best indicator sample. .. 147 

Table 13-1. Water quality guidelines for irrigation. ................................................................... 163 

Table 13-2. Salt tolerance of forage grasses and legumes
a
 (Bernstein 1958). ............................ 165 

Table 13-3. Nitrogen fertilization guidelines (Zublena et al. 1996). .......................................... 167 

Table 13-4. Nitrogen rates and timing of recycled water application to minimize soil leaching 

losses and luxury consumption by forage plants (Green and Mueller 1996). .............. 170 

Table 15-1. Threshold quantities for chemicals requiring a process safety program or risk 

management program. .................................................................................................. 212 

 

List of Figures  

Figure 4-1. Relationship between the PO, O&M manual, various facility plans, and QAPP. ..... 22 

Figure 5-1. Typical composition of solids in raw municipal wastewater (modified from EPA 

2004). .............................................................................................................................. 29 

Figure 5-2. Analysis for total solids (Butler 2003). ...................................................................... 30 

Figure 5-3. Separation of dissolved and suspended solids (Butler 2003). .................................... 31 

Figure 5-4. Analysis for suspended volatile and nonvolatile solids (Butler 2003). ...................... 32 

Figure 5-5. The nitrogen cycle. ..................................................................................................... 36 

Figure 5-6. The phosphorus cycle. ................................................................................................ 37 

Figure 6-1. Composition of a medium-textured mineral soil (modified from Brady 1990). ........ 44 

Figure 6-2. A typical soil profile and horizons (modified from Brady 1990). ............................. 45 



Wastewater Land Application Operators Study and Reference Manual 

xiii 

Figure 6-3. Representation of the comparative sizes and shapes of sand, silt, and clay particles 

(modified from Hillel 1980). .......................................................................................... 47 

Figure 6-4. Textural triangle: the major soil textural classes are defined by the percentage of 

sand, silt, and clay according to the heavy boundary lines shown on the textural 

triangle. ........................................................................................................................... 48 

Figure 6-5. Diagram for determining soil textural class by feel (modified from Thien 1979). .... 50 

Figure 6-6. Various structural types found in mineral soils (modified from Hillel 1980). ........... 52 

Figure 6-7. Cross-sectional and plan view of various landscape positions (Daniels et al. 1984). 56 

Figure 6-8. Mineral and organic colloids with adsorbed ions (modified from Brady 1990). ....... 58 

Figure 6-9. Ranges in cation exchange capacities (at pH 7) that are typical of a variety of soils 

and soil materials. ........................................................................................................... 59 

Figure 6-10. Some pH values for familiar substances (above) compared to ranges of pH 

typical for various types of soils (below) (Brady and Weil 2008). ................................ 60 

Figure 6-11. Volumes of water and air associated with 100 grams of a silt loam soil at 

different moisture levels. ................................................................................................ 62 

Figure 6-12. Soil treatment of recycled water. ............................................................................. 64 

Figure 6-13. Illustration of relationship among soil components that provide nutrient cations 

for plants. ........................................................................................................................ 70 

Figure 6-14. Relationships existing in mineral soils between pH and the availability of plant 

nutrients. ......................................................................................................................... 73 

Figure 6-15. Relationship between plant growth and concentration in the soil solution of 

elements that are essential to plants. ............................................................................... 75 

Figure 7-1. The hydrologic cycle (Brady 1990). .......................................................................... 80 

Figure 7-2. The water balance of a root zone (Hillel 1980). ......................................................... 81 

Figure 7-3. Divisions of soil water. .............................................................................................. 84 

Figure 7-4. Porous aquifer and perched water table above an impermeable layer (Brooks et al. 

2003). .............................................................................................................................. 85 

Figure 7-5. Ground water characteristics and water table changes from wet to dry season 

(Brooks et al. 2003). ....................................................................................................... 86 

Figure 7-6. Ground water mounding under treatment system (Soil Science Society of North 

Carolina 1989). ............................................................................................................... 87 

Figure 7-7. Proper and improper locations for ground water monitoring wells (wells 1, 2, and 

3 are improperly located; wells 4, 5, and 6 are properly located). ................................. 88 

Figure 7-8. Proper and improper placement of screens for monitoring wells. ............................. 89 

Figure 7-9. Construction details for ground water monitoring well. ............................................ 90 

Figure 8-1. Chlorine residuals and the break point chlorination curve (modified from Qasim 

1999). .............................................................................................................................. 94 

Figure 8-2. Typical ultraviolet disinfection unit (WEF 2004). ..................................................... 95 

Figure 9-1. Typical lagoon design (Water Pollution Control Federation and Environment 

Canada 1981). ................................................................................................................. 99 

Figure 10-1. Schematic layout of a typical solid set irrigation system. ...................................... 111 

Figure 10-2. Typical spray head for a fixed system. ................................................................... 112 

Figure 10-3. Hard hose traveler showing reel and gun cart. ....................................................... 113 

Figure 10-4. Schematic layout of a hose-drag traveler. Travel lanes are 100 to 300 feet apart, 

depending on sprinkler capacity and diameter coverage. ............................................. 114 

Figure 10-5. Center pivot system. ............................................................................................... 115 



Wastewater Land Application Operators Study and Reference Manual 

xiv 

Figure 10-6. Center pivot control panel. ..................................................................................... 116 

Figure 11-1. Soil-water relationships. ......................................................................................... 122 

Figure 11-2. Tensiometer method of determining soil-water content. ....................................... 125 

Figure 11-3. Electrical resistance block schematic (Hillel 1980). .............................................. 126 

Figure 11-4. Neutron probe schematic (Brady 1990). ................................................................ 127 

Figure 11-5. Typical layout of a stationary sprinkler system. Sprinkler spacing is typically 

50% to 65% of wetted diameter. .................................................................................. 138 

Figure 13-1. Runoff from a land application site. ....................................................................... 157 

Figure 13-2. Poor crop stand in a fescue pasture. The lighter areas indicate stunted or dying 

vegetation. .................................................................................................................... 166 

Figure 13-3. Riparian buffer zones lining streambanks. ............................................................. 174 

Figure 13-4. Sulfur deficiency in corn. ....................................................................................... 175 

Figure 14-1. Acre with 1 inch of water = 27,154 gallons. .......................................................... 190 

Figure 14-2. Pictorial representation for hydraulic-loading example 3. ..................................... 191 

Figure 14-3. Pictorial representation for hydraulic-loading example 4. ..................................... 192 

Figure 15-1. Absorption rates of chemicals through the skin of various parts of the body. 

Numbers are rates of absorption in comparison to the forearm. .................................. 209 

Figure 15-2. Oxygen scale (N.C. DL 1993)................................................................................ 213 

 

List of Equations 

Equation 5-1. Calculation for weight of nonsettleable solids. ...................................................... 31 

Equation 5-2. Calculation of maximum hydraulic-loading rate. .................................................. 39 

Equation 11-1. Example calculation of PAW depletion. ............................................................ 135 

Equation 11-2. Calculation of irrigation water requirement. ...................................................... 136 

Equation 11-3. Calculation of irrigation rate for stationary sprinklers. ...................................... 138 

Equation 13-1. Calculating exchangeable sodium percentage. .................................................. 162 

Equation 14-1. Converting mg/L to lb/day. ................................................................................ 188 

Equation 14-2. Converting lb/day to mg/L. ................................................................................ 188 

Equation 14-3. Calculation of hydraulic-loading rate (in./day). ................................................. 190 

Equation 14-4.Calculation of hydraulic-loading rate (in./hour). ................................................ 190 

Equation 14-5. Calculation of area (acres) using hydraulic-loading rate. .................................. 192 

Equation 14-6. Calculation of flow (gallons per day) using acres and hydraulic-loading rate. . 192 

Equation 14-7. Calculation of irrigation water requirement. ...................................................... 193 

Equation 14-8. Calculation of nongrowing season hydraulic-loading rate. ................................ 194 

Equation 14-9. Calculation of plant-available nitrogen. ............................................................. 194 

Equation 14-10. Simplified calculation of plant-available nitrogen. .......................................... 195 

Equation 14-11. Calculation of sodium adsorption ratio. ........................................................... 196 

Equation 14-12. Calculation of milliequivalents. ....................................................................... 196 

Equation 14-13. Calculation of reuse water application rate. ..................................................... 197 

Equation 14-14. Calculation of sprinkler run time. .................................................................... 197 

Equation 14-15. Calculation of crop moisture content. .............................................................. 199 

Equation 14-16. Calculation of crop yield. ................................................................................. 200 

  



Wastewater Land Application Operators Study and Reference Manual 

xv 

Introduction 

The goal of a recycled water land application system is to provide a method of treatment that 

protects the following: 

 Public health ¶

 The environment  ¶

 Waters of the state, including surface water and ground water ¶

Land application systems are recognized by the Idaho Department of Environmental Quality 

(DEQ) and United States Environmental Protection Agency (EPA) as beneficial reuse systems. 

Two benefits of using land application technology are (1) eliminating the need for recycled water 

discharge into a surface water body and (2) providing recycled water as the primary source of 

irrigation water for nutrient utilization by crops that are grown and harvested on land application 

sites. Furthermore, a properly sited and operated land application system offers exceptional 

treatment and renovation as well as a source of aquifer recharge in some instances.  

However, as with any treatment process, mismanagement can result in negative consequences. 

Overapplication of recycled water to the land can result in runoff or leaching (downward 

movement of pollutants) and potential contamination of surface water and ground water. 

Nutrients, metals, pathogens, salts, and other elements may cause environmental problems or 

health concerns if not properly managed.  

Purpose of This Manual 

The purpose of this manual is to provide wastewater land application (WWLA) operators with 

the basic understanding needed to operate land application systems in an efficient and 

environmentally sound manner and to prepare for the WWLA certification exam. WWLA 

certification is required by rule for municipal operators and this manual will primarily consider 

municipal sites.  

 This symbol indicates Need-to-Know Criteria that all WWLA operators must focus on and 

which may appear in the WWLA certification exam. This manual is not intended to provide all 

required details for the complete evaluation and management of a land application system but 

can be used as a general reference. The facility permit and plan of operations (PO) should also be 

consulted to complete the evaluation and management of the land application system. Note that 

the operations and maintenance (O&M) manual is a subset of the PO, and in this manual, the 

O&M manual may be used interchangeably as a reference to the PO.  

This Manual and the Law 

This manual presents material consistent with the laws, rules, and technical guidance for Idahoôs 

reuse program that existed at the time the manual was written. It is likely that these laws and 

technical guidance have changed, so it is important to stay up-to-date.  

Although the organizations and government agencies involved in WWLA operator certification 

will try to inform individuals who own and operate these systems of any changes, as they occur, 
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WWLA operators are responsible for ensuring that they are operating in compliance with current 

laws and rules.  

For questions about land application systems, contact DEQ. For questions about becoming 

licensed or maintaining an existing license as either a wastewater treatment operator or as a 

WWLA operator, contact the Idaho Bureau of Occupational Licenses. 

How This Manual Was Developed 

A committee of experts in the recycled water, regulatory, soils, agronomy, engineering, and 

associated fields developed the training materials for this manual. The manual is based on a list 

of topics and issuesðreferred to as Need-to-Know Criteriaðthe committee determined each 

operator of a land application system must know how to perform at a minimum level of 

competency. The manual and associated training program explain and demonstrate each Need-to-

Know Criteria, so after completing the training, the operator should have the knowledge and 

tools to effectively operate a land application system. 

Updates to This Manual 

This manual will be periodically updated to reflect changes in laws and technology. For example, 

interest in odor reduction and drift control from recycled water irrigation fields is increasing, 

thereby increasing the interest in using application equipment that distributes recycled water at or 

close to the ground surface. Distribution techniques, such as low-drop nozzles on center pivot 

equipment and drip irrigation systems, meet some of these needs, but this manual cannot cover 

every type of hardware that is used in the field.  

The basics of recycled water distribution and site operation and management are presented in 

some detail, as these apply to all sites. Special and unique systems are briefly mentioned; 

operators of such systems are encouraged to obtain specific operation and maintenance 

information from the system manufacturer, designer, or installer. 
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1 Roles and Responsibilities of the Wastewater Land 
Application Operator  

 

Need-to-Know Criteria 

Municipal and industrial reuse permit  

Rules 

Generally a WWLA operator is licensed to understand a reuse site that land applies recycled 

water under the terms of a state-issued reuse permit. The WWLA operator should understand the 

following: 

 Reuse permit ¶

 Difference between a municipal and industrial reuse permit ¶

 Daily activities relating to the permit, which include the following: ¶

Á Monitoring and collecting data 

Á Collecting data of known quality that reflect/demonstrate terms in the permit 

Á Communicating permit terminology 

 State of Idaho rules that are followed under the permit: ¶

Á Wastewater Rules, IDAPA 58.01.16 

Á Recycled Water Rules, IDAPA 58.01.17  

Á Ground Water Quality Rule, IDAPA 58.01.11  

Á Water Quality Standards, IDAPA 58.01.02  

Á Rules of the Board of Drinking Water and Wastewater Professionals (Wastewater 

Operator Licensing Rules and Operator Requirements), IDAPA 24.05.01 

1.1 Permits  

Most wastewater comes from domestic or industrial sources, and three types of reuse permits can 

be issued: municipal, industrial, or combined. The permittee (permit holder) is the person or 

entity to whom the reuse permit is issued that is legally responsible for complying with the terms 

of the reuse permit. The permittee is often the system owner. The permittee can designate the 

WWLA operator to be responsible for system operation. The WWLA operator should understand 

the permit and know what type of recycled water is used on their site.  

1.1.1 Municipal Reuse Permit 

Municipal (or domestic) wastewater is collected from homes and business and treated in a 

wastewater treatment facility. Domestic wastewater comes primarily from residences, 

nonindustrial businesses, and institutional sources. Examples of domestic wastewater are 

restroom (sanitary fixtures/appliances), laundry, and kitchen waste. Domestic wastewater tends 

to be fairly uniform in composition. If the treatment facility land applies the treated water 

(recycled water), the facility land applies under the terms of a state-issued reuse permit. The 

wastewater characteristics of the recycled water determine which of the five classes of recycled 

water (Classes AïE) that the site is permitted for in the reuse permit. Appendix A contains 
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example permits. One example of a municipal reuse permit would be a city that treats with an 

aerated lagoon followed by chlorine disinfection to Class C standards and then land applies its 

recycled water to nonfood crops such as alfalfa. Another example would be a city that uses 

tertiary treatment to treat and disinfect to Class A standards and then distributes the recycled 

water to parks, businesses, and homes through purple pipe for nonpotable irrigation.  

1.1.2 Industrial Reuse Permit  

Industrial wastewater is discharged from industrial facilities and some heavy commercial 

operations. Industrial wastewater characteristics change with changing production rates and 

schedules, and it is much more variable than domestic wastewater, possibly containing toxic 

substances, such as metals. Concerns with the land application of high strength industrial 

wastewater include generation of nuisance odors and overloading the site with constituents 

(waste elements) in the recycled water stream. These systems typically require additional 

pretreatment and/or special site management practices to provide good performance. Industrial 

reuse permits are issued based upon the site-specific characterization of the treated recycled 

water and the site-specific conditions. Industrial wastewater can be of significantly higher 

strength than domestic wastewater. An example of an industrial reuse permit would be a food 

processor with high strength wastewater (high total dissolved solids and nitrogen) where they 

treat with lagoons, clarification, and then filtration before land applying to small grain crops (i.e., 

wheat) or corn. The majority of industrial reuse permits in Idaho are related to food processing 

(e.g., potatoes, sugar beets, other vegetables, dairy products, and meat processors). 

1.1.3 Combined Reuse Permit 

An industrial site may treat its industrial and municipal wastewater streams differently and need 

a permit that handles both streams appropriately. If the site is mixing municipal and industrial 

wastewater before treatment, then the permit will need to be a municipal reuse permit; if  it keeps 

the treated and land-applied streams separate, then the facility needs a combined reuse permit. 

 Mix streams = one municipal reuse permit, which contains limits for the combined ¶

recycled water.  

 Two separated streams = a combined reuse permit, which may contain separate limits for ¶

the municipal and industrial recycled water streams as well as limits and conditions that 

apply to both streams.  

1.2 Rules 

The ñRecycled Water Rulesò (IDAPA 58.01.17) establish the procedures and requirements for 

issuing and maintaining reuse permits, and it is under these rules that reuse permits are issued. 

Rules are further discussed in section 16. The site-specific reuse permit will provide information 

on other rules that must be considered in operating the reuse site. 
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2 Recycled Water Classes (A-E) 
 

Need-to-Know Criteria 

Wastewater effluent classifications and level of treatment required as defined in the ñRecycled Water 
Rulesò (IDAPA 58.01.17). 

Generally, any structure or system designed or used for reuse of municipal or industrial 

wastewater per DEQôs ñRecycled Water Rulesò (IDAPA 58.01.17) must have a DEQ-issued 

reuse permit and follow the requirements of the classification of the recycled water. The rules 

define the various classes of municipal recycled water (Class AïE) and each reuse permit will 

specify the classification for that facility. Classification of the municipal recycled water 

determines the options for the use of the recycled water from that facility. For example, land 

application is one type of use. Partial descriptions of the five recycled water classes are given in 

Table 2-1, Table 2-2, and Table 2-3 (IDAPA 58.01.17).  

To use the tables, find the recycled water classification listed horizontally across the top of each 

table and follow the appropriate column down to determine specific treatment, disinfection, 

additional requirements, and typical uses of each recycled water class. These tables should be 

used along with the narrative of each classification listed in the sections following the tables.  

The tables provide a quick reference for information regarding each recycled water 

classification. These tables are not intended to cover in detail all aspects with regard to each 

classification. The WWLA operator should consult the facility permit, IDAPA 58.01.17, and the 

Guidance for Reclamation and Reuse of Municipal and Industrial Wastewater (DEQ guidance) 

for details associated with each recycled water classification. 
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Table 2-1. Recycled water classification. 

Classification Class A Class B Class C Class D Class E 

Oxidized Yes Yes Yes Yes No 

Clarified Yes Yes No No No 

Filtered Yes Yes No No No 

Disinfected Yes Yes Yes Yes No 

Total coliform 
(organisms/ 
100 milliliters) 

Median results 
for last x-days 
for which 
analysis have 
been completed 

2.2  
7-day median 

2.2  
7-day median 

23  
5-day median 

230  
3-day median 

No limit 

Maximum in any 
sample 

23 23 230 2,300 No limit 

Monitoring 
frequency 

Daily, or as  
determined. 

Daily or as  
determined. 

Once weekly  
or as  

determined 

Once 
monthly  

or as  
determined 

ð 

Disinfection requirements 
contact time 

Contact time of 
450 mg-min/L 
with 90 min of 
modal time, or  
disinfection to 5-  
log inactivation 
of virus 

Total chlorine not  
less than 1 mg/L 
after 30-min 
contact time at 
peak flow or  
comparable 
alternate process 

ð ð ð 

Notes: milligram (mg); liter (L); minute (min)  

Table 2-2. Class A and Class B additional requirements. 

Classification Class A Class B 

Turbidity 
(NTU) 

24-hour - mean, not to exceed Granular or cloth media - 2 
Membrane filter - 0.2 

Granular or cloth media - 5 

Maximum, in any sample 
Granular or cloth media - 5 
Membrane filter - 0.5 

Granular or cloth media - 10 

Monitoring frequency Continuous Continuous 

Maximum total nitrogen (mg/L) 

Ground water recharge - 10 
Residential irrigation and other 
nonrecharge uses ï 30 
 
Or 
 
As required based on an 
analysis of ground water 
impacts 

May be required based on an 
analysis of ground water 
impacts 

BOD5 (mg/L) 
Monthly arithmetic mean, from weekly 
composite samples not to exceed 

Ground water recharge - 5 
Residential irrigation and other 
nonrecharge uses - 10 

ð 

pH 
Daily grab samples or continuous monitoring 

Between 6.0 and 9.0 ð 

Notes: neophelometric turbidity unit (NTU); milligram per liter (mg/L); biochemical oxygen demand (BOD) 
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Table 2-3. Recycled water uses. 

Recycled Water Uses Class A Class B Class C Class D Class E 

Uses Relating to Irrigation and Buffers 

Buffers required No Yes Yes Yes Yes 

Fodder, fiber crops Yes Yes Yes Yes Yes 

Commercial timber, firewood Yes Yes Yes Yes Yes 

Processed food crops or ñfood crops that must 
undergo commercial pathogen-destroying 
processing before being consumed by humansò 

Yes Yes Yes Yes No 

Ornamental nursery stock, or Christmas trees Yes Yes Yes Yes No 

Sod and seed crops not intended for human 
ingestion 

Yes Yes Yes Yes No 

Pasture for animals not producing milk for human 
consumption 

Yes Yes Yes Yes No 

Pasture for animals producing milk for human 
consumption 

Yes Yes Yes No No 

Orchards and vineyards irrigation during the 
fruiting season, if no fruit harvested for raw use 
comes in contact with the irrigation water or 
ground, or will only contact the inedible portion 
of raw food crops 

Yes Yes Yes No No 

Highway medians and roadside vegetation 
irrigation on sides 

Yes Yes Yes No No 

Cemetery irrigation Yes Yes Yes No No 

Parks, playgrounds, and school yards during 
periods of nonuse 

Yes Yes No No No 

Parks, playgrounds, and school yards during 
periods of use 

Yes No No No No 

Golf courses Yes Yes No No No 

Food crops, including all edible food crops Yes Yes No No No 

Residential landscape Yes No No No No 

Uses at Industrial, Commercial, or Construction Sites 

Dust suppression at construction sites and 
control on roads and streets 

Yes Yes Yes No No 

Toilet flushing at industrial and commercial sites, 
when only trained maintenance personnel have 
access to plumbing for repairs 

Yes Yes Yes No No 

Nonstructural fire fighting Yes Yes Yes No No 

Cleaning roads, sidewalks, and outdoor work 
areas 

Yes Yes Yes No No 

Backfill consolidation around nonpotable piping Yes Yes Yes No No 

Soil compaction Yes Yes Yes No No 
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Commercial campus irrigation Yes Yes No No No 

Fire suppression Yes Yes No No No 

Snowmaking for winter parks, resorts Yes No No No No 

Commercial laundries Yes No No No No 

Ground Water Recharge 

Ground water recharge through surface 
spreading, seepage ponds, or other unlined 
surface water features, such as landscape 
impoundments 

Yes No No No No 

Subsurface Distribution 

Subsurface distribution Yes Yes Yes Yes No 

The WWLA operator is responsible for understanding the ñRules of the Board of Drinking Water 

and Wastewater Professionalsò (IDAPA 24.05.01) and the certification that they need for the 

classification of the system. DEQ is responsible for determining system classifications and for 

ensuring that all wastewater systems that generate, collect, treat, or dispose of 2,500 or more 

gallons of wastewater per day are supervised by an appropriately licensed responsible charge 

operator and licensed operating personnel. Permittees are responsible for reporting to DEQ on 

the current classification status every 5 years. It is also the permittee's responsibility to ensure 

that the responsible charge operator and substitute responsible charge operator have the 

appropriate level of licensing that is equal to or greater than the system's classification. 

Therefore, Class B through E recycled water systems must have a certified operator. Class A 

systems at the treatment plant prior to distribution will need wastewater operators that are 

certified. No certified operator is needed on the distribution system of a Class A system. 

However, the operator of a Class A distribution system must sign a utility user agreement 

provided by the Class A recycled water utility stating that the distribution system operator 

understands the origin of the recycled water and the appropriate requirements for the Class A 

distribution and reuse system. 

2.1 Class A Recycled Water  

The WWLA operator should understand the general difference between Class A and other 

classes. If the WWLA operator is working with Class A recycled water, the details of the permit 

and the requirements in IDAPA 58.01.17 should be understood. 

Class A recycled water receives the most treatment of all the classes and is of the highest quality 

and therefore can be used for applications where human contact is likely, such as distribution to 

homeowners for irrigation of yards and landscape or recharging potable aquifers. The treatment 

process typically includes secondary treatment followed by filtration to extremely low turbidity 

standards prior to disinfection. Class A disinfection processes must meet strict requirements to 

ensure pathogen destruction. Class A systems also require additional reliability and redundancy 

measures and increased monitoring to ensure treatment and effluent quality. The tables above 

discuss special requirements for treatment, chlorine disinfection, turbidity, water parameters, and 

uses. In general Class A recycled water has more uses than other classes with less restriction and 
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in some cases no restriction at all (such as no buffer zones). This section reviews other 

requirements found in IDAPA 58.01.17.  

 For disinfection, Class A recycled water can be disinfected using chlorine, ozone, ¶

ultraviolet (UV) radiation, and other alternative methods. When other methods for 

chlorine disinfection are used, the permit will define the requirements. It is recommended 

that Class A recycled water also is disinfected following storage.  

 Sampling and analysis of Class A recycled water are defined in the permit. Generally ¶

there are daily requirements for disinfection sampling. For example, the effluent must be 

sampled and analyzed daily for total coliform during periods of application.  

 Turbidity requirements shall be met prior to disinfection, and continuous in-line ¶

monitoring shall occur as described in IDAPA 58.01.17.  

Á For filtration systems using sand or other granular media or cloth media, the daily 

arithmetic mean of all measurements of turbidity shall not exceed 2 neophelometric 

turbidity units (NTU), and turbidity shall not exceed 5 NTU at any time. 

Á  For filtration systems using membrane filtration, the daily arithmetic mean of all 

measurements of turbidity shall not exceed 0.2 NTU, and turbidity shall not exceed 

0.5 NTU at any time. 

 Nitrogen, pH, and 5-day biochemical oxygen demand (BOD5) requirements ¶

Á Total nitrogen at the point of compliance shall not exceed 10 milligrams per liter 

(mg/L) for ground water recharge systems and 30 mg/L for residential irrigation and 

other non-recharge uses. 

Á The pH as determined by daily grab samples or continuous monitoring shall be 

between 6.0 and 9.0. 

Á BOD5 shall not exceed 5 mg/L for ground water recharge systems, and 10 mg/L for 

residential irrigation and other non-recharge systems, based on a monthly arithmetic 

mean as determined from weekly composite sampling. 

 Reliability and redundancy requirements are required for monitoring, equipment (i.e., ¶

pumps), and treatment trains and are specified in IDAPA 58.01.17 and the ñWastewater 

Rulesò (IDAPA 58.01.16). Standby power sufficient to maintain all treatment and 

distribution works shall be required for the Class A systems as described in the rules.  

 Class A effluent identification is required, and all new buried pipe, including service ¶

lines, valves, and other appurtenances, shall be colored purple (Pantone 512) or 

equivalent. If fading or discoloration of the purple pipe is experienced during 

construction, identification tape or locating wire along the pipe is required. Label piping 

every 10 feet with ñCaution: Recycled Water - Do Not Drinkò or equivalent signage in 

both Spanish and English. If identification tape is installed along with the purple pipe, it 

shall be prepared with white or black printing on a purple field, Pantone 512, or 

equivalent, with the words, ñCaution: Recycled Water - Do Not Drinkò or equivalent 

signage in both Spanish and English. The overall width of the tape shall be at least 

3 inches. Identification tape shall be installed 18 inches above the transmission pipe 

longitudinally, shall be centered over the pipe, and shall run continuously along the 

length of the pipe. 

Á Existing water lines that are being converted to use with Class A effluent shall first be 

accurately located and comply with leak test standards in accordance with the 

American Water Works Association Standards and in coordination with DEQ. The 
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pipeline must be physically disconnected from any potable water lines and brought 

into compliance with current state cross-connection rules and requirements in 

accordance with ñIdaho Rules for Public Drinking Water Systemsò (IDAPA 

58.01.08.543), and must meet minimum separation requirements (IDAPA 

58.01.08.542.07). If the existing lines meet approval of the water supplier and DEQ 

based upon the requirements set forth in IDAPA 58.01.17.607.02.b, the lines shall be 

approved for Class A effluent distribution. If regulatory compliance of the system 

(accurate location and verification of no cross connections) cannot be verified with 

record drawings, televising, or otherwise, the lines shall be uncovered, inspected, and 

identified prior to use. All accessible portions of the system must be retrofitted to 

meet the requirements of these rules. After conversion of the water or irrigation line 

to a recycled water effluent line, the lines shall be marked as stated in IDAPA 

58.01.17.607.02.b. 

Á All valve covers shall be of non-interchangeable shape with locking potable water 

covers and shall have an inscription cast on the top surface stating ñRecycled Water.ò 

Valve boxes shall meet the requirements of IDAPA 58.01.17.603.01a.iii. All 

aboveground pipes and pumps shall be consistently color-coded purple (Pantone 512) 

and marked to differentiate Class A effluent facilities from potable water facilities. 

Á All exposed and aboveground piping, risers, fittings, pumps, and valves shall be 

color-coded purple (Pantone 512) or equivalent. In addition, all piping shall be 

identified using an accepted means of labeling, reading ñCaution: Recycled Water - 

Do Not Drinkò or equivalent signage in both Spanish and English. In a fenced pump 

station area, signs shall be posted on the fence on all sides. 

Á Warning labels shall be installed on designated facilities such as, but not limited to, 

controller panels and wash-down or blow-off hydrants on water trucks, hose bibs, and 

temporary construction services. The labels shall read, ñCaution: Recycled Water - 

Do Not Drinkò or equivalent signage in both Spanish and English. 

Á Where class A recycled water is stored or impounded, or used for irrigation in public 

areas, warning signs shall be installed and contain, at a minimum, 1-inch purple 

letters (Pantone 512 or equivalent) on a white or other high contrast background 

notifying the public that the water is unsafe to drink. Signs may also have a purple 

background with white or other high contrast lettering. Warning signs and labels shall 

read, ñCaution: Recycled Water - Do Not Drinkò or equivalent signage in both 

Spanish and English. 

2.2 Class B Recycled Water 

The WWLA operator should understand the general difference between Class B and other 

classes. If the WWLA operator is working with Class B recycled water, the details of the permit 

and requirements in IDAPA 58.01.17 should be understood. 

Class B recycled water is the second most treated of all the classes and the second highest in 

quality. It requires treatment similar to Class A systems. The notable differences are reduced 

turbidity requirements following filtration and less extreme disinfection requirements. Class B 

has many uses, but it cannot be distributed to homeowners for residential irrigation or used for 

ground water recharge. It can be used to irrigate all types of crops, including edible food crops. 
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Class B systems have reduced reliability and redundancy requirements in comparison to Class A 

systems. Table 2-1, Table 2-2, and Table 2-3 discuss special requirements for treatment, chlorine 

disinfection, turbidity, water parameters, and uses. Operator requirements for the treatment and 

distribution system are required. This section reviews other requirements found in IDAPA 

58.01.17.  

 For disinfection, Class B recycled water can be disinfected using chlorine, ozone, UV ¶

radiation, and other alternative methods. When other methods for disinfection are used, 

the permit will define the requirements. It is recommended that Class B recycled water 

also be disinfected following storage.  

 Sampling and analysis of Class B recycled water are defined in the permit. Generally ¶

there are daily requirements for disinfection sampling. The point of compliance for Class 

B recycled water for total coliform shall be at any point in the system following final 

treatment and disinfection contact time. For example, the effluent must be sampled and 

analyzed daily for total coliform during periods of application. The sampling frequency 

for Class B and Class A is similar.  

 Turbidity requirements shall be met prior to disinfection and continuous in-line ¶

monitoring shall occur as described in IDAPA 58.01.17. 

Á The daily arithmetic mean of all the measurements of turbidity shall not exceed 

5 NTU and shall not exceed 10 NTU at any time. 

Á  The turbidity shall be met prior to disinfection. 

 Periods of useðClass B recycled water shall be applied only during periods of nonuse by ¶

the public. 

2.3 Class C Recycled Water 

The WWLA operator should understand the general difference between Class C and other 

classes. If the WWLA operator is working with Class C recycled water, the details of the permit, 

requirements in IDAPA 58.01.017, and site-specific issues relating to health and safety should be 

understood. 

Class C recycled water systems are generally secondary treatment (oxidation) and disinfection. 

Filtration is not a requirement of Class C systems. Disinfection requirements are less stringent 

than Class A and B, and as a result the allowable uses are reduced. For example, it can be used to 

irrigate fodder crops, processed food crops (food crops that undergo commercial pathogen 

destroying processes), and some types of orchards. Class C is the most common type of 

municipal reuse system in Idaho. Table 2-1, Table 2-2, and Table 2-3 discuss special 

requirements for treatment, chlorine disinfection, and uses. Operator requirements for the 

treatment and distribution system are required. This section reviews other requirements found in 

IDAPA 58.01.17.  

 For disinfection, Class C recycled water can be disinfected using chlorine, ozone, UV ¶

radiation, and other alternative methods. When other methods for disinfection are used, 

the permit will define the requirements. It is recommended that Class C recycled water is 

disinfected following storage.  

 Sampling and analysis of Class C recycled water are defined in the permit. Generally ¶

there are weekly requirements for disinfection sampling. The point of compliance for 
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Class C recycled water for total coliform shall be at any point in the system following 

final treatment and disinfection contact time. For example, the effluent must be sampled 

and analyzed weekly for total coliform during periods of application.  

2.4 Class D Recycled Water 

The WWLA operator should understand the general difference between Class D and other 

classes. If the WWLA operator is working with Class D recycled water, the details of the permit, 

requirements in IDAPA 58.01.17, and site-specific issues relating to health and safely should be 

understood. 

Class D recycled water is similar to Class C as it requires oxidation and disinfection. The 

primary difference in treatment between Class C and Class D is the disinfection requirements are 

an order of magnitude lower for Class D recycled water. As a result, the allowable uses are more 

limited than Class C. Irrigation of fodder, processed food crops, and forests are allowed uses of 

Class D recycled water. Table 2-1, Table 2-2, and Table 2-3 discuss special requirements for 

treatment, chlorine disinfection, and uses. Operator requirements for the treatment and 

distribution system are required. This section reviews other requirements found in IDAPA 

58.01.17. 

 For disinfection, Class D recycled water is disinfected to a lower level than the other ¶

classes by using chlorine, or another alternative method. When other methods for 

disinfection are used, the permit will define the requirements.  

 Sampling and analysis of Class D recycled water are defined in the permit. Generally ¶

there are monthly requirements for disinfection sampling. The point of compliance for 

Class D recycled water for total coliform shall be at any point in the system following 

final treatment and disinfection contact time. For example, the effluent must be sampled 

and analyzed monthly for total coliform during periods of application.  

2.5 Class E Recycled Water 

The WWLA operator should understand the general difference between Class E and other 

classes. If the WWLA operator is working with Class E recycled water, the details of the permit, 

requirements in IDAPA 58.01.17, and site-specific issues relating to health and safety should be 

understood. 

Class E recycled water requires primary treatment only (no disinfection). Allowable uses of 

Class E are very limited due to the high potential pathogen content remaining in the recycled 

water. Table 2-1, Table 2-2, and Table 2-3 discuss special requirements. Operator requirements 

for the treatment and distribution system are required. This section reviews other requirements 

found in IDAPA 58.01.17.  

 For disinfection, there are no disinfection requirements or applicable coliform standards ¶

for Class E recycled water.  

 Sampling and analysis of Class E recycled water are not generally required unless there ¶

are buffer zone issues that are defined in the permit.  
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 Public access is restricted with Class E recycled water, and animals shall not be pastured ¶

or grazed on land where Class E municipal wastewater is applied. 

2.6 Industrial Recycled Water 

The WWLA operator should understand the general difference between the classes of municipal 

recycled water and that industrial recycled water is not classified. If the WWLA operator is 

working with industrial recycled water, the details of the permit, requirements in IDAPA 

58.01.17, and site-specific issues relating to use, health, and safety should be understood. The 

permit requirements are determined on a case-by-case basis and developed for each industrial 

site. 
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3 Reuse Permit Template 
 

Need-to-Know Criteria 

Facility information 

Compliance activities and compliance schedules 

Reuse permit limits and conditions 

Reuse permit monitoring requirements 

Reporting requirements 

Standard permit conditions 

General permit conditions 

Site maps 

The WWLA operator must understand the siteôs reuse permit. Appendix A contains generic 

examples of reuse permits. The generic examples reflect the differences between municipal and 

industrial permits. Some of the differences between municipal and industrial permits include the 

following: 

Munic ipal Permits  

 Technical, financial, and managerial requirements ¶

 Operator certification requirements ¶

 Approved backflow assemblies or an air gap are required between potable water supplies ¶

and all nonpotable water supplies 

 Divided into recycled water classes ¶

 Specific infrastructure requirements depending on the class of recycled water  ¶

 Require lagoon seepage testing every 10 years ¶

Industrial Permits  

 Do not have technical, financial, and managerial requirements ¶

 Generally do not have operator certification requirements ¶

 Do not require approved backflow assemblies but typically require backflow devices ¶

 Are not divided into recycled water classes ¶

 Require lagoon seepage testing on a case-by-case basis based on site-specific issues and ¶

water characteristics. 

 May contain limits and conditions to address the specific characteristics of the industrial ¶

recycled water 

3.1 Facility Information 

The facility information has the permit type, recycled water class, and treatment method. The 

WWLA operator should understand the facility information. The WWLA operator should ensure 

that the facility information in the permit is correct, notify the permittee if it is not correct, and 

inform the permittee to update the permit details with DEQ. Only DEQ is authorized to make 
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changes to the reuse permit requirements. The permittee is responsible for complying with all 

permit conditions and may be held liable for violation of permit conditions. 

3.2 Compliance Activities and Compliance Schedules 

The compliance activities and schedules are facility specific requirements of the permit and must 

be completed as stated in the permit. The WWLA operator should understand the compliance 

activities and schedules in the permit and keep the permittee informed as necessary. Failure to 

comply with the requirements could result in the facility being subject to enforcement action. 

Examples of a compliance activity would be the PO, solids management, runoff management, 

and lagoon seepage testing plans. Such plans are required to be submitted by specific dates and 

require DEQ approval prior to implementation. The quality assurance project plan (QAPP) is 

also an example of a compliance activity that is self-implementing and required to be in place by 

a certain date; it is reviewed by DEQ for content, but this plan is not approved by DEQ. 

3.3 Reuse Permit Limits and Conditions 

All permit limits and conditions must be followed.  

3.3.1 Management Unit Descriptions 

A management unit (MU) is a portion of the land application site that is permitted to receive 

recycled water. The amount of recycled water each MU receives is referred to in the permit as 

the hydraulic-loading rate. Each land application site typically consists of more than one MU. 

The WWLA operator must be familiar with each of the permitted MUs and the associated limits 

and conditions. Each MU may have different loading rates and management practices (e.g., 

unique irrigation and cropping practices). 

Each MU has associated monitoring serial numbersðMU-XYZ-##: management unit serial 

number. 

Other typical monitoring point serial numbers are as follows: 

 SU-XYZ-##: soil monitoring unit serial number ¶

 WW-XYZ-##: wastewater monitoring serial number ¶

 SW-XYZ-##: supplemental irrigation water monitoring serial number ¶

 GW-XYZ-##: ground water monitoring serial number ¶

 LG-XYZ-##: lagoon monitoring serial number ¶

 FM-XYZ-##: flow measurement monitoring serial number ¶

The associated reuse permit number designation is XYZ, and the ## is a two-digit designation for 

each monitoring point. 

3.3.2 Hydraulic-Loading Limits 

The WWLA operator will need to manage MUs based upon growing season and nongrowing 

season hydraulic-loading limits of the permit for each MU. 
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3.3.3 Constituent-Loading Limits  

The WWLA operator will also need to manage MUs based upon the constituent loading so that 

permit limits are met and adverse impacts to soil and ground water are minimized. The recycled 

water constituents determine the loading that can be applied to each MU, and most often the 

limiting constituent is nitrogen. Constituents are further discussed in section 3.4.1.  

3.3.4 Management Unit Buffer Zones 

The WWLA operator will also need to manage the site for compliance with buffer zone 

requirements. Deficiencies should be reported to the permittee for correction. The site-specific 

details are in the permit and in the ñRecycled Water Rulesò (IDAPA 58.01.17).  

3.3.5 Other Permit Limits and Conditions 

The WWLA operator will also need to read the permit to learn about other limits and conditions 

applied to the site, including operator certification requirements, growing and nongrowing 

season time frames, reporting time frames for the annual report, coliform limits (applicable to 

municipal systems), crop or vegetation allowed, grazing (grazing requires a management plan, 

preapproved by DEQ), fencing, posting, and construction plan and specification requirements. 

3.4 Reuse Permit Monitoring Requirements  

In support of the agencyôs mission, DEQ is dedicated to using and providing objective, correct, 

reliable, and understandable information. Decisions made by DEQ are subject to public review 

and may, at times, be subject to rigorous scrutiny. It is, therefore, DEQôs goal to ensure that all 

decisions are based on data of known and acceptable quality. Monitoring points are specified in 

the reuse permit, and monitoring must be done according to the permit. To ensure that data and 

results will be of the appropriate quality, the QAPP should be referenced when taking any 

samples. The QAPP should be used in conjunction with the siteôs PO. WWLA operators taking 

monitoring samples should ensure that a QAPP has been developed for all monitoring and 

sampling and that the QAPP is followed. WWLA operators may contact the DEQ regional office 

for compliance assistance with monitoring and sampling. 

 

Note 

Failure to carry out any or all of these activities or comply with the terms and conditions of the permit 
is a violation of Idaho law and may subject the permittee to enforcement action and/or a civil penalty 
assessment. 

3.4.1 Constituent Monitoring 

Constituent monitoring is required in both municipal and industrial permits, and each permit will 

be unique for the site-specific issues. Table 3-1 is provided below to show how constituent 

monitoring requirements are listed in each permit. Each monitoring point sample location along 

with the associated serial number is listed in the first column. A detailed sample description is 

shown in column two with the sample type and frequency shown in column three. The actual 

constituents to be sampled at each monitoring point are listed in column four. For example, 

Table 3-1 shows recycled water from lagoon ABC at the pump no. 1 sampling port with serial 
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number WW-0XY-01, which samples recycled water to MU-0XY-01, 02, and 03. A grab sample 

is taken monthly during periods of recycled water use for total Kjeldahl nitrogen (TKN), nitrate 

+ nitrite nitrogen, total phosphorus, nonvolatile dissolved solids, and chloride, and a grab sample 

is taken weekly for MU-0XY-02 and monthly for MU-0XY-03 for total coliform. A similar table 

is included in each permit issued by DEQ. This table is an example; each permit will be unique.  

Table 3-1. Constituent monitoring. 

Monitoring Point 
Serial Number and 

Location 

Sample 
Description 

Sample Type and 
Frequency 

Constituents  
(Units in milligrams per liter 
unless otherwise specified) 

WW-0XY-01 

Recycled water from 
lagoon ABC at pump 
no. 1 sample port 

Recycled water 
to MU-XYZ-01, 
MU-XYZ-02, 
and MU-XYZ-03  

Grab/monthly (during 
periods of use) 

- Total Kjeldahl nitrogen, as N 
- Nitrite + nitrate-nitrogen, as N 
- Total phosphorus, as P 
- Nonvolatile dissolved solids 
- Chloride 

Recycled water 
to MU-0XY-02 

Grab/weekly (during 
periods of use) 

- Total coliform (total coliform 
organisms/100 milliliters) 

Recycled water 
to MU-0XY-03 

Grab/monthly (during 
periods of use) 

WW-0XY-02 

Low strength process 
pond from pump 
no. 2 sample port 

Recycled water 
to MU-XYZ-04 

Grab/monthly (during 
periods of use) 

- Ammonia nitrogen, as N  
- Nitrite + nitrate-nitrogen, as N 
- Total phosphorus, as P 

SW-0XY-01  

ABC Canal 

Supplemental 
irrigation water 

Grab sample (May and 
September of the first and 
third permit year) 

- Nitrite + nitrate-nitrogen, as N  
- Total phosphorus, as P 
- Nonvolatile dissolved solids 

3.4.2 Management Unit and Other Flow Monitoring 

To meet the permit requirements, the WWLA operator will need to accurately monitor recycled 

water flows to the reuse site. The WWLA operator may also be responsible for monitoring 

wastewater flows to various components in the treatment plant. Flow monitoring data are needed 

to properly manage the reuse site and determine site constituent-loading rates to each MU and 

are typically required as part of the annual report. Flow calibration requirements should be 

addressed as outlined in the plan of operation review or QAPP. The site PO (section 4) should 

outline typical maintenance requirements and frequencies for each flow monitoring device. 

3.4.3 Ground Water Monitoring 

The reuse permit may specify ground water monitoring, and the WWLA operator may be 

responsible for ground water monitoring if it is required in the permit. Ground water monitoring 

provides data that can be used to evaluate a facilityôs impact on ground water as well as evaluate 

ground water quality changes with respect to changes in hydraulic loading and site management. 
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The site QAPP should outline the ground water sampling procedures for each monitoring well. 

The WWLA operator should also be familiar with well construction enough to understand or 

recognize any construction deficiencies or well component degradation that may result in ground 

water contamination or impact ground water quality (Appendix B). For example, improper seal, 

damaged casing, or improper berming. The WWLA operator should clearly communicate to the 

permittee and responsible agencies the well names, locations, and conditions along with 

monitoring needs as specified in the reuse permit. The WWLA operator should also understand 

which wells are upgradient and downgradient from the application site.  

3.4.4 Soil Monitoring 

The WWLA operator may be responsible for soil sampling at each MU as designated by the soil 

monitoring unit (SU) in the permit. The site QAPP should outline the soil sampling for each SU. 

Section 6 of this manual further discusses soil. The WWLA operator should know the boundaries 

of each SU (typically the same boundaries as the MU) and understand any variations between 

each SU in the permit.  

3.4.5 Plant Tissue Monitoring 

Plant tissues reflect the health and nutrient uptake of the crop. The WWLA operator may be 

responsible for taking samples and ensuring that crop yields and tissue samples are recorded. 

Section 6.7 of this manual further discusses agronomy and nutrient uptake.  

3.4.6 Lagoon Information 

Lagoons are often a unit process in wastewater treatment or provide storage for recycled water. 

Seepage testing of each lagoon is often a permit requirement or required by rule. Seepage testing 

requirements are specified in new permits. Older permits may not include the requirements and 

DEQ should be consulted if there are questions regarding testing. Section 9 of this manual 

further discusses lagoons, lagoon construction, and seepage testing. The WWLA operator should 

also be familiar with lagoon construction requirements to recognize any construction deficiencies 

or lagoon component degradation that may result in increased lagoon seepage or any life and 

safety issues regarding the integrity of the lagoon embankments. 

3.5 Reporting Requirements  

The reuse permit will define the reporting requirements. All data collected need to be submitted 

to DEQ in the annual report; however, the minimum reporting is specified in the reuse permit. At 

minimum, records must be retained for the length of permit plus 2 years. 

3.5.1 Annual Reports Requirements  

The annual report is a narrative summary that discusses data collected during the year and 

documents the facilityôs permit compliance to DEQ. The annual report shall be prepared by a 

competent environmental professional who is familiar with the permitted facility and can use the 

monitoring data to describe the site conditions as they apply to the land application treatment of 

the recycled water.  
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The WWLA operator should know what data are being monitored and collected for the annual 

report based upon the permit. The WWLA operator should also know and understand why the 

data are being monitored and collected to help understand, evaluate, and operate the system to 

maintain compliance. The annual report is a permit requirement with due dates and required 

content that is submitted to DEQ in written form. The permit outlines the information that should 

be submitted in the site-specific annual report. Appendix C provides recommendations of details 

to include in the annual report. 

Yearly, the facility must submit an annual report, prepared by a competent environmental 

professional, no later than January 31 of each year (unless otherwise specified in the reuse 

permit), covering the previous reporting year, typically November 1 through October 31. The 

annual report includes results of required monitoring, the status of any compliance activities 

specified in the permit, and an interpretive discussion of monitoring data and public complaints, 

with particular respect to environmental impacts by the facility. All laboratory reports containing 

the sample results for required monitoring and other site-specific data are also submitted with the 

annual report. 

Annual report submittals shall include a certification statement, which is signed, dated, and 

certified by the permitteeôs responsible official  or an authorized person representing the 

responsible official. Refer to your reuse permit for the certification statement language and the 

responsibilities it requires.  

3.5.2 Emergency and Noncompliance Reporting  

The WWLA operator needs to know the reporting requirements of the permit and communicate 

them to the permittee. The permittee is required to report all noncompliance incidents to the 

applicable DEQ regional office according to the standard permit conditions, which state that all 

noncompliance events must be reported orally to DEQ within 24 hours and in writing within 

5 days with an action plan for correcting the violation. For emergencies, the WWLA operator is 

required to call the 24-hour emergency number and the appropriate DEQ regional office. 

All instances of unpermitted wastewater discharges to surface waters of the United States shall 

also be reported to EPA by telephone within 24 hours from the time the permittee becomes 

aware of the discharge and in writing within 5 days to the following address: 

National Pollutant Discharge Elimination System/ 

Stormwater Coordinator, EPA Idaho Operations Office 

950 W. Bannock, Suite 900 

Boise, ID 83702 

(208) 378-5746 or (208) 378-5744 and EPA Hotline: (206) 553-1846 

3.6 Permit for Use of Industrial Water 

Permit for use of industrial water contains the requirements specific to industrial facilities. This 

section will be marked reserved on municipal permits. 
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3.7 Standard Permit Conditions 

Standard conditions are specified in every reuse permit. The permittee is responsible for 

complying with the permit, and the WWLA operator is expected to know and follow these 

conditions. An important condition is how and when emergencies and noncompliance issues are 

dealt with and reported by the facility to DEQ. 

3.8 General Permit Conditions 

General permit conditions cover those DEQ rules that apply to the permit at the time the permit 

was issued. These conditions cover operations and administrative rules that the WWLA operator 

needs to know.  

3.8.1 Operations 

These conditions cover the rules associated with facility operations, including backflow 

prevention, preventing runoff of recycled water, health hazards, nuisances, and odor prohibitions, 

solids management, temporary cessation of operations and closure, PO, seepage testing 

requirements (will be marked as reserved for industrial permits), and ground water quality. The 

WWLA operator is expected to know and follow these conditions. 

3.8.2 Administrative 

These conditions cover the rules associated with the administrative portion of the facility, 

including permit modifications, permit transfer, permit revocation, violations, and severability. 

The WWLA operator should know and follow these conditions. 

3.9 Other Applicable Laws 

Other applicable laws or rules that are not enforced by DEQ may be applicable. For example, the 

Idaho Department of Water Resources has rules that are applicable to all ground water wells 

located at the reuse facility. These rules include well use, maintenance, repair, and abandonment.  

3.10 Site Maps 

Site maps are a part of each permit and help the WWLA operator and others unfamiliar with the 

site orient themselves with critical elements of the site. Site maps also help the WWLA operator 

in locating potential problems and explaining to DEQ and others where possible noncompliance 

problems exist on site, and allow off-site personnel the needed information to solve problems in 

a timely manner. These maps include regional and facility maps. 
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4 Permit Required DocumentsðPlans 
 

Need-to-Know Criteria 

Plan of operations 

Quality assurance project plan 

4.1 Plan of Operations  

A PO, which includes the O&M manual and various permit-required facility plans, functions as a 

site-specific guide for day-to-day operations of a land application site. A facilityôs PO must 

contain all system components relating to the reuse facility in order to comply with IDAPA 

58.01.16. The reuse permit and PO should be used together in the day-to-day operations of the 

reuse facility to direct the operation, maintenance, and reporting activities at the land application 

site. The O&M manual portion of the PO contains the physical components and operations at the 

facility and must meet the requirements of IDAPA 58.01.17.300.05, and the specific contents of 

the Reuse Permit. The permit required facility plans portion of the PO contains the 

administrative and sampling requirements for the nonphysical operations conducted at the 

facility. The associated sampling requirements are further controlled by a facility QAPP. The 

WWLA operator should be familiar with the QAPP so that permit required sampling is reliable 

and reproducible. The reuse permit will require a QAPP and associated facility plans. 

Figure 4-1 shows the relationship between the PO, O&M manual, various facility plans, and 

QAPP.  
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Figure 4-1. Relationship between the PO, O&M manual, various facility plans, and QAPP. 



Wastewater Land Application Operators Study and Reference Manual 

23 

A PO checklist in DEQ guidance lists the minimum information that shall be incorporated into 

the document. A partial list of items in the PO checklist is given below. 

 Organizational chart and operator and manager responsibilities. ¶

 Copy of the reuse permit and a list applicable rules, statutes, and standards. ¶

 Facility maps. ¶

 General plant descriptionðTreatment design criteria, wastewater characterization, and ¶

list of unit operations. 

 O&M manualðEach facility shall maintain an O&M manual contained within the PO ¶

specific to that facility. The O&M manual shall be developed and used as an operator 

guide for actual day-to-day operations to meet requirements of the facilityôs reuse permit.  

 Description, operation, and control of unit operationsðDescription of process, major ¶

components and mechanical equipment, discussion of common operating problems and 

start-up procedures, and equipment operating instructions with reference to equipment 

O&M manual. 

 Wastewater and recycled water storage lagoonsðDescription and purpose, capacity, ¶

operating instructions, and seepage rate testing requirements. 

 Reuse site features, buffer zone delineations, fencing and postings, backflow prevention, ¶

climatic characteristics, soils, topography, surface water, ground water, description of 

irrigation systems and operating instructions, and determination of hydraulic- and 

constituent-loading rates. 

 VegetationðDescribe crops or vegetation that will be used on each reuse site. ¶

 Management plans for buffer zones, grazing, controlling nuisance conditions, waste ¶

solids, runoff/run-on, and others as required by the reuse permit. 

 Monitoring activities and requirements.  ¶

 MaintenanceðPreventative maintenance schedule, troubleshooting guides, and ¶

manufacturerôs manuals. 

 Records and reportsðDaily operating log, maintenance records, laboratory records, and ¶

reports, and reporting permit violations and accidents. 

 PersonnelðStaffing requirements and qualifications. ¶

 Emergency operating planðEmergency numbers and emergency procedures. ¶

All system components should have specification sheets, showing details of the units as well as 

operation and maintenance requirements. These are usually included in the O&M manual or 

attached as a supplement. If this information is not present, the WWLA operator should contact 

the manufacturers directly.  

Typically, equipment will have a specification plate with the company name, location, and 

component model or serial number. Manufacturer information on servicing the equipment should 

be found in the O&M manual. If the manufacturer is no longer in business, a local repair service 

may be able to provide service or information. If no information is available, service units 

similar to other units with like components.  

Specific management plans, in addition to information provided in the facility O&M manual, 

may be required per the facility reuse permit. Some example plans and important aspects of each 

are presented below. 
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 Grazing management planðDEQ guidance specifies under what circumstances livestock ¶

grazing on land application sites is allowed. Prior to any grazing activities, a grazing 

management plan must be submitted to DEQ for review and approval. Items typically 

addressed in a grazing management plan include specifying the type and number of 

animals to be grazed, identifying the schedule for rotating animals through the site, 

preparing a nutrient balance, identifying the disinfection level of the applied recycled 

water, and identifying the minimum waiting periods prior to grazing animals on sites 

irrigated with recycled water.  

 Odor management planðAn odor management plan addresses all wastewater treatment ¶

systems, land application facilities, and other operations associated with the facility. The 

plan includes specific design considerations, operation and maintenance procedures, and 

management practices to be employed to minimize the potential for or limit odors. The 

plan also includes procedures to respond to an odor incident, if one occurs, including 

notification procedures. 

 Waste solids management planðThis plan describes how waste solids generated at the ¶

facility, including dredgings and sludges, are handled and disposed of in a manner 

specific to the rules the different wastes may need to follow. The reuse permit will 

discuss the differences between the waste solids and rules that may apply. The waste 

solids management plan prevents waste entry, or the entry of contaminated drainage or 

leachate into the waters of the state, so that health hazards and nuisance conditions are 

not created, and impacts to designated beneficial uses of the ground water and surface 

water are prevented.  

 Emergency action plansðEmergency action plans cover various situations that may ¶

occur such as transportation spills, site runoff, power outages, major equipment failure, 

and bomb threats. (A detailed discussion of emergency action plans is presented in 

section 13.6.1). 

4.2 Quality Assurance Project Plan 

A QAPP is a written document outlining the procedures that the reuse sites use to ensure the data 

it collects and analyzes meet permit requirements.  

Quality data and information constitute the foundation of informed decision making, and a 

QAPP ensures that the data collected by monitoring projects are of known and suitable quality 

and quantity. The QAPP summarizes the data quality objectives of the project and integrates all 

technical and quality aspectsðincluding planning, implementation, and assessmentðinto a 

single document. For example procedures used for collecting and evaluating different monitoring 

parameters should be included in the QAPP. The WWLA operator should consult the QAPP 

every time they are sampling. 

In support of the agency mission, DEQ is dedicated to using and providing objective, correct, 

reliable, and understandable information. Decisions made by DEQ are subject to public review 

and may, at times, be subject to rigorous scrutiny. It is, therefore, DEQôs goal to ensure that all 

decisions are based on data of known and acceptable quality. A QAPP must be submitted to 

DEQ as a stand-alone document for review and acceptance to assist in planning for the 

collection, analysis, and reporting of all monitoring data in support of the reuse permit and in 

explaining data anomalies when they occur. DEQ does not approve QAPPs but reviews them to 
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determine if the minimum EPA guideline requirements are met and that the reuse facility permit 

requirements are satisfied. The reason DEQ does not approve QAPPs is that the responsibility 

for validation of the facility sampling data lies with the permit holder and DEQôs responsibility 

is not to validate this information as an on-site quality assurance officer.  

The format of the QAPP should adhere to the recommendations and references in the Quality 

Assurance and Data Processing sections of the DEQ guidance. QAPPs developed using the DEQ 

guidance should also agree in substance with EPAôs QAPPs. Copies of the associated EPA 

guidance documents and example QAPPs can be downloaded or printed from the following 

website: http://www.epa.gov/quality/qapps.html. 

 

  

http://www.epa.gov/quality/qapps.html
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5 Reporting and Monitoring Wastewater and Recycled Water 
Constituents/Parameters 

 

Need-to-Know Criteria  

Total, suspended, and dissolved solids 

Pathogens 

Total coliform bacteria (parameter used as an indicator of potential pathogen levels) 

Nitrogen cycle 

Hydraulic-loading rate; growing season versus nongrowing season 

Constituent-loading rates; nitrogen, phosphorus, and chemical oxygen demand 

Land-limiting constituent 

The WWLA operator must know what wastewater monitoring is required and the wastewater 

characteristics and loading to appropriately manage the reuse site. The reuse permit will provide 

information on the parameters that are managed at the land application site. To properly operate 

and maintain a WWLA system, it is necessary to understand the basic characteristics of 

wastewater. Although domestic wastewater is predominately composed of water, certain 

constituents contained in wastewater are important factors in the design, operation, and 

management of reuse land application systems. 

5.1 Wastewater 

Wastewater contains two primary types of waste: organic and inorganic. 

 Organic wastes originate from plant or animal sources and can generally be consumed by ¶

bacteria and other organisms. All organic wastes contain carbon.  

 Inorganic wastes come from mineral materials, such as sand, salt, iron, calcium, and these ¶

wastes are only slightly affected by biological activity.  

The source of wastewater influences the amount of organic and inorganic waste in a particular 

wastestream. For example, wastewater from a meat processing plant will contain high levels of 

organic waste, while wastewater from a gravel washing operation will contain high levels of 

inorganic waste. 

5.2 Wastewater Physical Characteristics 

Physical characteristics of wastewater include color, odor, temperature, and the levels of solids 

present. Changes in these physical characteristics can indicate unusual influent (wastewater 

entering a treatment system) or operating conditions that may influence other factors such as 

biological activity. 
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5.2.1 Color 

Raw municipal wastewater (prior to any treatment) is usually gray in color. Pretreated 

wastewater will have a color that indicates the pretreatment system; wastewater treated in a 

septic tank will have a gray-black color, but wastewater that has been treated in an aerobic 

process will have little color. The color of wastewater can also be affected by industrial 

contributions to the treatment system; color contributed by industry typically is not removed by 

the pretreatment system. Operators should be aware of such colors depending upon the type of 

facility being managed. Changes to the water coloration typical of the facility may need 

investigation.  

5.2.2 Odor 

Raw municipal wastewater usually produces a musty odor, generally caused by the anaerobic 

decomposition of organic material. Hydrogen sulfide is frequently the source of a rotten-egg 

odor in wastewater and can be a public health concern at relatively low concentrations. Other 

volatile sulfur-containing compounds, such as mercaptans, can also cause noxious odors. These 

odors are released into the air when wastewater is aerated and sometimes when the wastewater is 

discharged to a land application site. As a point of reference, mercaptans are added to natural gas 

to impart a detectable odor for leak detection and safety purposes.  

Other or unexpected odors, such as petroleum or solvent odors, may indicate abnormal industrial 

discharges. Operators should be aware of such odors depending upon the type of facility being 

managed. Changes to the odors typical of the facility may need investigation.  

5.2.3 Temperature 

Wastewater is generally somewhat warmer than tap water. Noticeable increases or decreases in 

wastewater temperature may indicate influence from other sources such as industrial discharge, 

stormwater, or ground water infiltration.  

Temperature is an important factor in microbial activity. Up to a point, an increase in wastewater 

temperature will increase microbial activity. However, when wastewater reaches high 

temperatures, microbial activity will be inhibited.  

During land application of recycled water, high water temperatures can also adversely impact 

crops. Operators should be aware of temperature variations depending upon the type of facility 

being managed. Changes to the temperatures typical of the facility may need investigation. 

5.2.4 Solids  

One of the primary functions of a wastewater treatment system is the removal of solids. Solids 

can reduce the effectiveness of wastewater disinfection systems and clog land application 

equipment.  

Determining the forms and concentrations of solids present in wastewater provides useful 

information for the control of treatment processes. Solids are divided into several different 

fractions, as shown in Figure 5-1. The individual fractions are determined through specific 

laboratory analysis.  
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Figure 5-1. Typical composition of solids in raw municipal wastewater (modified from EPA 2004). 

5.2.4.1 Total Solids (Residue) 

Total solids are the amount of material that remains after the wastewater is evaporated at a 

temperature of 103 °C to 105 °C (Figure 5-2). Figure 5-1 represents an example of a 1-liter 

sample of typical municipal wastewater containing 1,000 mg of total solids. The proportion of 

different solids is a function of the wastewater source. It is not representative of all wastewater 

streams. It is expected that industrial wastewater proportions will be different than municipal 

wastewaters. Operators should be aware that wastewater compositions will vary depending upon 

the type of facility being managed.  



Wastewater Land Application Operators Study and Reference Manual 

30 

 
Figure 5-2. Analysis for total solids (Butler 2003).  

5.2.4.2 Dissolved Solids  

Dissolved solids or total dissolved solids (TDS), also called filterable residue, are those solids 

that will pass through a filter with a nominal pore size of 2.0 micrometers (mm). TDS include 

both organic and inorganic fractions. 

 Total dissolved inorganic solids are the inorganic fraction of the TDS. ¶

 Volatile dissolved solids (VDS) are the solids that can be volatilized and burned off when ¶

TDS are ignited (500 ± 50 ºC). 

 Nonvolatile dissolved solids (NVDS) are the difference between TDS and VDS (NVDS ¶

= TDS ï VDS). 

Removal of dissolved inorganic solids from wastewater is difficult to achieve in standard 

municipal wastewater treatment systems, so concerns with land-applying wastewaters that have 

high concentrations of dissolved solids include (1) the potential for increased levels of dissolved 

solids in ground water and (2) the potential for adversely affecting soil properties that are 

important to land application operations. Industrial effluent typically contains more dissolved 

solids than municipal wastewater. In reuse permits, dissolved solids are further defined into the 

categories described in the following sections.  

5.2.4.3 Suspended Solids 

Suspended solids, or total suspended solids (TSS) also called nonfilterable residue, are the 

portion of total solids retained by filtration (Figure 5-3).  

Volatile suspended solids (VSS) are the solids that can be volatilized and burned off when TSS 

are ignited at 500 ± 50 ºC (Figure 5-4). 



Wastewater Land Application Operators Study and Reference Manual 

31 

Nonvolatile suspended solids (NVSS) are the difference between TSS and VSS (NVSS = TSS ï 

VSS). 

Suspended solids can be removed from a wastewater stream by physical, biological, and/or 

chemical processes. These solids are classified as either settleable or nonsettleable (colloidal), 

depending upon their size, shape, and density (weight per unit volume). Heavier, more dense 

particles tend to settle more rapidly than lighter, less dense particles.  

Raw wastewater settleable solids concentration is an important factor for the design of settling 

basins, sludge pumps, and sludge-handling facilities. Measuring the amount of settleable solids 

entering the treatment unit allows calculation of the solids removal efficiency of the treatment 

unit. Settleable solids are typically measured using an Imhoff cone. An Imhoff cone is a clear, 

cone-shaped container marked with graduations. The cone is used to measure the volume of 

settleable solids in a specific volume (usually 1 liter) of water or wastewater. 

 
Figure 5-3. Separation of dissolved and suspended solids (Butler 2003). 

Equation 5-1 can be used to calculate the weight of nonsettleable solids.  

 

 
 

 

Equation 5-1. Calculation for weight of nonsettleable solids. 

In Figure 5-1, the nonsettleable solids concentration is shown as 70 mg/L.  

Weight of 
nonsettleable 
Solids 

= 
Weight of 
Total 
Solids 

- 
Weight of 
Dissolved 
Solids 

- 
Weight of 
Settleable 
Solids 
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Concerns with the land application of recycled waters with high concentrations of suspended 

solids include (1) the potential for reducing the infiltration capacity of the soil (clogging the soil), 

(2) the potential for damaging the crop and (3) the potential for premature or frequent clogging 

of irrigation filters and irrigation equipment (especially dragon filters and sprinkler nozzles). 

 
Figure 5-4. Analysis for suspended volatile and nonvolatile solids (Butler 2003). 

5.3 Other Important Wastewater Characteristics 

Other wastewater characteristics important to land application site management include 

pathogenic organisms, biochemical oxygen demand (BOD), chemical oxygen demand (COD), 

dissolved oxygen (DO), nutrients, metals, persistent organic chemicals, pH, and salts. 

5.3.1 Pathogenic Organisms 

The WWLA operator should know what pathogens are and how they are regulated in the permit. 

DEQ uses an indicator (the number of total coliform bacteria) for determining the potential for a 

sample to have pathogenic organisms present. Operators need to understand that total coliform 

bacteria levels are an indication that pathogens may be present. The classes of municipal 

recycled water are based on turbidity and total coliform bacteria.  

Raw domestic wastewater contains many billions of microorganisms per gallon. Most of these 

are not harmful to humans, and some of them are helpful in wastewater treatment processes. 

Disease-causing microorganisms are called pathogens, and they include bacteria, viruses, fungi, 

helminths, and protozoa. Pathogens cause disease in other organisms, however, not all pathogens 

are disease causing in humans. Examples of diseases that may be spread through wastewater 

discharges to humans are typhoid, cholera, shigellosis, dysentery, polio, and hepatitis. Pathogens 
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can lead to disease; however, for a pathogen to cause disease, it must have a susceptible host, a 

pathway of exposure, and there must be an infective dose. Without these three elements, disease 

cannot occur. Wastewater treatment, reuse methods, and management practices are used to 

address one or more of these elements. 

Many pathogenic organisms are killed during the normal treatment processes; however, 

sufficient numbers can remain in the effluent (treated wastewater leaving the treatment system) 

to cause a threat to any downstream use involving human contact if adequate disinfection is not 

accomplished in the treatment process. 

5.3.1.1 Identification of Pathogens  

It is impractical to test wastewater for all pathogens. Instead, indicator bacteria are commonly 

used to identify the possible presence of pathogens.  

Some bacteria commonly used as indicators are total coliform bacteria, fecal coliform, or 

Escherichia coli. Total coliform bacteria are always present in the digestive systems of humans 

and warm-blooded animals. If there is a large concentration of coliform bacteria present in 

wastewater, the potential for the presence of pathogens is high. Total coliform bacteria are 

typically reduced in number during normal wastewater treatment processes. Total coliform 

bacteria are used as the primary indicator of potential pathogens in municipal recycled water in 

Idaho. The reuse permit may specify total coliform or another organism as the pathogen potential 

indicator. 

5.3.1.2 Removal of Pathogens 

Wastewater treatment processes remove pathogenic organisms in several ways: physical removal 

through filtration and sedimentation, natural die-off of organisms because of unfavorable 

environments, and destruction of organisms by disinfection. Disinfection processes further 

reduce pathogen levels of the recycled water and the requirement for municipal recycled water is 

based upon the recycled water class. (Disinfection is discussed in more detail in section 8).  

5.3.2 Biochemical Oxygen Demand and Chemical Oxygen Demand 

The WWLA operator should know what biochemical and chemical oxygen demand are and 

understand the loading limit of the parameter on the reuse site.  

BOD measures the rate that microorganisms use oxygen to stabilize or break down (oxidize) the 

organic matter in wastewater biologically.  

¶ High levels of BOD indicate high levels of organic matter in wastewater. The typical 

range of BOD in municipal wastewater ranges from 100 to 300 mg/L of BOD.  

¶ BOD is measured using a biochemical oxygen demand test, a procedure that measures the 

amount of oxygen used by a wastewater sample incubated at 20 °C for 5 days. The 

amount of organic material measured is referred to as BOD5, referring to the 5-day length 

of the test.  

COD measures the amount of organic matter that can be broken down (oxidized) chemically.  
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¶ COD can estimate the amount of organic matter in wastewater in only 3 to 4 hours, rather 

than the 5 days required for the BOD5 test and can be used as an alternative. 

¶ The COD test measures the oxygen equivalent (in milligrams per liter) of the materials 

present in the wastewater by oxidizing the wastewater using a strong chemical oxidant. 

Because the chemical oxidant may react with substances that cannot be broken down by 

bacteria, COD results are not directly related to BOD5. However, COD can be used as a 

means of rapidly estimating the BOD5 of a sample if BOD5-to-COD ratios are developed 

for a particular system. COD results are typically higher than the BOD5 value when 

enough oxygen is present because chemicals (COD) are stronger and can break down 

(oxidize) organic matter more quickly than biological organisms (BOD). The ratio 

between the two will vary from system to system. The BOD5-to-COD ratio is typically 

0.6:1 for raw domestic wastewater and may drop to as low as 0.1:1 for a well-stabilized 

secondary effluent.  

5.3.3 Dissolved Oxygen 

DO is the amount of oxygen dissolved in water and is usually expressed in milligrams per liter. 

Although some microorganisms can survive in anaerobic conditions (without oxygen), many of 

the beneficial microorganisms that stabilize wastewater require aerobic conditions (with 

oxygen).  

The amount of oxygen that can be dissolved in water depends on temperatureðas water 

temperature increases, DO content decreases and vice versaðand the distribution of oxygen 

within a lagoon (or pond) will determine whether the treatment processes involved are aerobic or 

anaerobic. Maintaining adequate oxygen levels allows the biological process to take place and 

prevents objectionable odors. Low DO concentrations (less than 1.0 mg/L) can indicate 

inadequate aeration or an excessive amount of organic material entering the system.  

DO is measured using an oxygen meter equipped with a membrane-covered probe. Probes 

require careful cleaning, and meters must be calibrated routinely to ensure accuracy.  

5.3.4 Nutrients 

A nutrient is any substance that promotes growth and can be taken up by plants or other 

organisms. Wastewater generally contains nutrients, such as nitrogen, phosphorus, potassium, 

calcium, magnesium, iron, and sulfur. In a land application system, recycled water can provide 

essential nutrients to crops. If present at excessive levels, however, some nutrients can become 

pollutants. 

The WWLA operator should know what nutrients need to be managed on the reuse site and 

understand the loading rate limitations. 

5.3.4.1 Nitrogen 

All life -forms require nitrogen compounds, such as proteins and nucleic acids, to survive. The 

largest source of nitrogen is the air we breatheðapproximately 78% of air is nitrogen gas (N2), 

but most organisms cannot use nitrogen in this form. Most plants receive their nitrogen in a fixed 

form (i.e., nitrate ions [NO3
-
], ammonia [NH3], and urea [2(NH2)CO]), and animals receive their 
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nitrogen from plants. There is a class of plants called legumes that use nitrogen from the air to 

meet nutritional requirements. Alfalfa, one of the most common crops at reuse sites, is a legume. 

The nitrogen cycle (Figure 5-5) describes the reactions that nitrogen may undergo. Nitrogen 

starts as a gas (N2) in the atmosphere and is transformed into other forms of nitrogen through 

nitrogen fixation. Nitrogen is fixed naturally through atmospheric fixation (by lightning) or 

through biological fixation (by certain microbes living alone in the soil or in a symbiotic 

relationship with plants in the legume family, such as soybeans and alfalfa, or nonlegume plants 

such as alders). Nitrogen is also fixed industrially in the production of fertilizers, which consist 

of ammonia, urea, and ammonium nitrate (NH4NO3). As plants and animals die, organic forms of 

nitrogen are returned to the environment, where microorganisms convert the organic nitrogen to 

ammonium. Much of the ammonia and ammonium produced by decay and manures are further 

broken down by nitrifying bacteria into nitrite ions (NO2-) and then into nitrate ions (NO3-), 

which are available to plants. The nitrogen cycle is completed when denitrifying bacteria convert 

nitrate ions back into atmospheric nitrogen.  

Nitrogen in wastewater occurs in four different forms: organic nitrogen, ammonia (NH3) or 

ammonium (NH4
+
), nitrite (NO2

-
), and nitrate (NO3

-
). In raw wastewater, organic nitrogen and 

ammonia levels are generally higher than nitrite and nitrate levels. Proteins, polypeptides, 

nucleic acids and urea, and numerous synthetic organic materials in wastewater contribute to the 

organic nitrogen. The nitrogen cycle reactions are important because nitrogen is a potentially 

serious pollutant in wastewater, and its behavior in and benefits to a wastewater land application 

system are highly dependent on which form the nitrogen is in when applied to the site. 

In the nitrate form, nitrogen becomes a highly mobile anion. In this highly mobile form, when 

the soil nitrogen concentration exceeds permit limits, nitrates can be beneficial or cause adverse 

impacts depending on how the land application site is loaded. If the soil nitrogen concentration 

exceeds the permit limits for crop uptake, the excess nitrates will  be carried below the root zone 

where it may adversely affect ground water quality. Therefore, the site must be operated to avoid 

exceeding the permit nitrogen limits.  

Total nitrogen is the sum of organic nitrogen, ammonia, nitrite, and nitrate. TKN is the sum of 

organic nitrogen and ammonia. Typical ranges of nitrogen concentrations in raw domestic 

wastewater are 20 to 85 mg/L for total nitrogen, 8 to 35 mg/L for organic nitrogen, and 12 to 

50 mg/L for ammonia. Plant-available nitrogen (PAN) is nitrogen that exists in forms (NH4
+
 and 

NO3
-
) that are readily available for uptake by plants.  
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Figure 5-5. The nitrogen cycle. 

5.3.4.2 Phosphorus 

Phosphorus, like nitrogen, occurs in several forms in wastewater and is an essential element for 

biological growth and reproduction (Figure 5-6). Phosphorus can be present as orthophosphate, 

polyphosphate, and organic phosphate. These forms are often measured in combination, as total 

phosphate (total phosphorus). In domestic wastewater, total phosphorus levels generally range 

from 2 to 20 mg/L, including 1 to 15 mg/L of organic phosphorus and 1 to 15 mg/L of inorganic 

phosphorus. 
















































































































































































































































































































































































































































































































































































































